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xi

P R E FA C E

As we bring you the tenth edition of this enduring text, we should 
reflect on its journey and past editors, since they are the founda-
tion upon which our current understanding and practice of foot and 
ankle surgery rests. It has been over 60 years since the first edition of 
Surgery of the Foot was published in 1959. Written by Henri L. DuVries 
of Chicago, the book captured his unique perspective as a physician 
who initially trained as a Podiatrist and later obtained his Doctor of 
Medicine, as well as his 30 years of experience treating disorders, defor-
mities, and injuries of the foot. It became a classic reference text in the 
treatment of common foot disorders.

The initial edition was revised in 1965 to include several contribu-
tors. Most notable were Verne T. Inman, MD, who was Chair of the 
Department of Orthopaedic Surgery at the University of California, 
San Francisco (UCSF), and Roger A. Mann, MD, who was senior 
resident at the time. The third edition, edited by Dr. Inman and pub-
lished in 1973, expanded the content to include the ankle joint and 
incorporated Dr. Inman’s interest in biomechanics of the foot and 
ankle.

Not long after, in 1978, Dr. Mann edited the fourth edition, DuVries’ 
Surgery of the Foot. His unique exposure to Dr. Inman as a resident 
at UCSF and as a fellow under Dr. DuVries allowed him to blend the 
strengths of each: Dr. Inman’s biomechanical basic science background 
and Dr. DuVries’s extensive clinical experience. This was followed in 
1986 by the fifth edition, also edited by Dr. Mann.

Dr. Michael J. Coughlin, Dr. Mann’s first Foot and Ankle Fellow 
in 1978, joined Dr. Mann as editor of the sixth edition in 1993, with 
the name expanded to Surgery of the Foot and Ankle. Their combined 
commitment to excellence in patient care through meticulous surgical 
technique and exacting postoperative care, to continued improvement 
based on scientific study of pathoanatomy, indications, and outcomes, 
and to education through training multiple generations of fellows, 
shines through and lives on in the text. By this time, the knowledge 
base of foot and ankle surgery had grown, and the text was divided into 
two volumes. Following the model of prior editions, many contempo-
rary experts in the field contributed to the work. Drs. Coughlin and 
Mann co-edited the seventh edition in 1999.

I was honored to be Dr. Mann’s Foot and Ankle Fellow in 2002, 
one evening turning in my chief-resident pager at UCSF and the next 
morning picking up my fellow pager at Dr. Mann’s office in Oakland, 
California, beginning the most educational and productive 6 months 
of my training. From Dr. Mann I learned to simplify clinical prob-
lems and apply reliable treatments. He approached all aspects of foot 
and ankle care with curiosity and honesty, all the while studying his 

own outcomes with the goal of discovering ways to improve patient 
care. It was an exciting time, and I was trusted to research and publish 
some of the first studies on three-component total ankle replacement 
to come out of the United States. It was also during this time I met  
Dr. Coughlin, while he, Dr. Mann, and other luminaries worked out the 
intricacies of introducing the STAR ankle replacement in the United 
States. Dr. Coughlin approaches problems in orthopedics with a rigor 
and clarity that both inspires creativity and encourages confidence to 
take on all clinical challenges.

In 2005, the eighth edition saw the addition of Dr. Charles L. 
Saltzman (prior fellow of Kenneth A. Johnson, MD) as co-editor, along 
with Drs. Coughlin and Mann. This edition included the colorization 
of figures and graphs. The ninth edition in 2014 honored Dr. Mann as 
editor emeritus and renamed the text Mann’s Surgery of the Foot and 
Ankle. Dr. Robert B. Anderson (prior fellow of John Gould, MD) joined 
Drs. Coughlin and Saltzman as co-editors, and the text was comple-
mented by numerous surgical videos, many adapted from the classic 
Video Textbook of Foot and Ankle Surgery.

The tenth edition stands on the shoulders of the prior nine itera-
tions. Dr. Coughlin has continued his contribution to the work 
through planning, guidance, and recruitment, maintaining the direct 
lineage to Drs. Mann, Inman, and DuVries. In respect to his career-
long contribution to the work, the tenth edition title is now Coughlin 
and Mann’s Surgery of the Foot and Ankle. A new generation of authors 
complements returning experts in the field, with over 65 authors in all, 
covering all aspects of foot and ankle surgery. Topics are divided into 
11 parts over two volumes: General Considerations, Forefoot and Heel, 
Integument, Tumors, Nerve Disorders, Arthritis, Tendon Disorders 
and Postural Malalignment, Diabetes and Infection, Sports Medicine, 
Pediatrics, and Trauma. New chapters include Scientific Evidence-
Based Foot and Ankle Care, Hallux Varus and Complication of Bunion 
Repair, Complex Regional Pain Syndrome, Avascular Necrosis and 
Total Talus Replacement, and Osteochondral Lesions, rounding out a 
total of 47 chapters. Over one-hundred sixty surgical videos, with 25% 
new video content, provide a real-time complement to the text.

The text strives to be an up-to-date reference for foot and ankle sur-
geons in all levels of their career. New techniques and updated refer-
ences are presented along with historical context, established reliable 
methods, and recommendations from experts in the field. We believe 
it will be both a quick reference for seasoned surgeons before a chal-
lenging case as well as a sound basis for resident and fellow foot and 
ankle education.

Andrew Haskell, MD
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Roger A. Mann, Michael J. Coughlin, and Andrew M. Belis

9-4 Mallet Toe Repair
Michael J. Coughlin

9-5 Weil Distal Metatarsal Osteotomy
Michael J. Coughlin

9-6 	�Plantar Plate Repair of Lesser Metatarsalophalangeal 
Joints
Michael J. Coughlin

9-7 Crossover Fifth Toe Repair
Michael J. Coughlin

9-8 Repair of Hard Corn
Roger A. Mann

9-9 Repair of Soft Corn
Roger A. Mann

10-1	 Bunionette Repair Chevron
Roger A. Mann

10-2	 Bunionette Repair Distal Chevron Technique
David Oji and Loretta Chou

10-3	 Bunionette Repair Sponsel Osteotomy
Roger A. Mann

10-4	� Bunionette Repair Distal Oblique (Weil) Osteotomy
Plus Hammer Toe Repair
Michael J. Coughlin

10-5	 Bunionette Repair Diaphyseal (Coughlin) Osteotomy
Roger A. Mann

11-1	 Tibial Sesamoid Shaving
Roger A. Mann

11-2	 Tibial (Medial) Sesamoid Excision
Michael J. Coughlin

12-1	 Plantar Fascia Release
Roger A. Mann

13-1	 DuVries Condylectomy
Roger A. Mann

14-1	 Infected Toenail Decompression
Roger A. Mann

14-2	 Winograd Procedure
Roger A. Mann

14-3	 Heifitz Procedure
Roger A. Mann

14-4	 Zadic Procedure
Roger A. Mann

14-5	 Terminal Symes Amputation of the Great Toe
Roger A. Mann

18-1	 Excision of Interdigital Neuroma
Roger A. Mann

18-2	 Tarsal Tunnel Release
Roger A. Mann

18-3	� Resection of Superficial and Deep Peroneal Nerves
and Burying in Bone
Michael J. Coughlin

19-1	� Minimally Invasive Calcaneal Osteotomy Burr Technique
Courtney Grimsrud and Kenneth J. Hunt

21-1	 Rheumatoid Forefoot Reconstruction
Michael J. Coughlin

22-1	 Ankle Arthrodesis Screws and Transfibular Approach
Roger A. Mann

22-2	 Ankle Arthrodesis Plate and Transfibular Approach
Michael J. Coughlin

22-3	� Ankle Arthrodesis Through an Anterior Approach—One 
Plate
Andrew Haskell

22-4	� Ankle Arthrodesis Through an Anterior Approach—Two 
Plates
Andrew Haskell

22-5	 Open Ankle Debridement
Andrew Haskell

23-1	 Total Ankle Arthroplasty STAR Technique©

Small Bone Innovations, Inc.
23-2	 Total Ankle Arthroplasty Hintegra© Technique

Beat Hinterman and Integra, Inc.
23-3	 Total Ankle Arthroplasty Salto Talaris© Technique

Tornier, Inc.
23-4	� Total Ankle Replacement—Vantage with Patient

Specific Cutting Guides
Andrew Haskell

23-5	� Total Ankle Arthroplasty InBone© Technique with Leg
Holder
Wright Medical Technology, Inc.

23-6	� Total Ankle Replacement—InBone with Patient Specific
Cutting Guides
Andrew Haskell
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xxii Video Table of Contents﻿﻿

23-7	 Total Ankle Arthroplasty Zimmer© Technique
Zimmer, Inc.

23-8	 Supramalleolar Osteotomy & Total Ankle Replacement
Andrew Haskell

23-9	� Total Ankle Replacement (Exactech) Plus Talonavicular 
Fusion
Andrew Haskell

23-10	� Total Ankle Replacement (STAR) Plus Talonavicular 
Fusion
Andrew Haskell

23-11	� Total Ankle Replacement with Intraoperative Medial 
Malleolus Fracture
Andrew Haskell

23-12	� Revision Total Ankle Replacement with Patient 
Specific Cut Guides
Andrew Haskell

24-1	� Core Decompression and Bone Marrow Aspirate 
Concentrate for Avascular Necrosis of the Talus
Andrew Haskell and Debbie Dang

24-2	� Total Talus Replacement for Avascular Necrosis
Andrew Haskell

25-1	 Subtalar Joint Fusion
Andrew Haskell

25-2	� Subtalar Joint Arthrodesis with Divergent Screw 
Technique
Michael J. Coughlin

25-3	� Calcaneocuboid Arthrodesis with Proximal Tibia Bone 
Graft
Michael J. Coughlin

25-4	� Double Arthrodesis (Talonavicular and 
Calcaneocuboid)
Roger A. Mann

25-5	 Triple Arthrodesis with Screw Fixation
Roger A. Mann

25-6	� Tibiotalar Calcaneal Arthrodesis with I.M. Nail—Lateral  
Position
Roger A. Mann

25-7	� Tibiotalar Calcaneal Fusion with Intramedullary Rod—
Supine Position
Andrew Haskell

25-8	 Tibiotalar Calcaneal Arthrodesis with Lateral Plate
Michael J. Coughlin

25-9	 Tibiotalar Calcaneal Arthrodesis with Posterior Plate
Andrew Haskell

25-10	� Tibiotalar Calcaneal Arthrodesis with Partial 
Talectomy for Charcot Arthropathy
Andrew Haskell

26-1	 Excision of Midfoot Exostosis
Michael J. Coughlin

26-2	 Midfoot Arthrodesis with a Medial Plate
J. Christopher Coetzee

26-3	 Midfoot Arthrodesis for Subacute Lisfranc Dislocation
Mark Berkowitz

26-4	 Midfoot Arthrodesis with Compression Clips
Michael J. Coughlin

26-5	� Midfoot Arthrodesis with Compression Clips and 
Flexor Digitorum Longus Transfer
Michael J. Coughlin

26-6	� Midfoot Arthrodesis with Compression Staple and 
Screw
Andrew Haskell

27-1	 Cheilectomy for Hallux Rigidus
Michael J. Coughlin

27-2	 Cheilectomy and Chondroplasty for Hallux Rigidus
Michael J. Coughlin

27-3	� First Metatarsophalangeal Joint Arthrodesis with 
Dorsal Plate Fixation
Michael J. Coughlin

27-4	� First Metatarsophalangeal Joint Arthrodesis with Iliac 
Crest Bone Graft and Revision Plate
Michael J. Coughlin

27-5	� First Metatarsophalangeal Joint Arthrodesis with 
Steinman Pins
Michael J. Coughlin

27-6	 First Interphalangeal Joint Arthrodesis
Roger A. Mann

27-7	 Freiberg Infraction
Roger A. Mann

28-1	� Anterior Tibial Tendon Reconstruction - Single Incision
Robert B. Anderson

28-2	� Anterior Tibial Tendon Reconstruction Through Two 
Incisions
Andrew Haskell

28-3	� Extensor Hallucis Longus Reconstruction with 
Allograft
Michael J. Coughlin

28-4	 Os Trigonum Excision Lateral & Medial Approaches
Arno Frigg and Michael J. Coughlin

28-5	 Endoscopic Excision of Os Trigonum
Andrew Haskell

28-6	� Endoscopic Debridement of the Flexor Hallucis Longus 
Tendon
Tahir Ögüt

28-7	 Excision of Peroneal Tubercle
T. J. Kemp

28-8	� Peroneus Longus to Brevis Transfer for Tendinopathy 
or Tear
Roger A. Mann and Thomas O. Clanton

28-9	 Peroneus Quartus Excision
Andrew Haskell

28-10	 Peroneal Tendon Primary Repair
Thomas O. Clanton

28-11	 Peroneal Tendon Debridement and Tubularization
Michael J. Coughlin

28-12	� Excision of Os Vesalianum and Repair of Peroneus 
Brevis Tendon
Michael J. Coughlin

28-13	� Peroneal Tendon Reconstruction with FHL Autograft 
and Elmslie Ligament Reconstruction
Robert B. Anderson

28-14	� Subtalar Joint Arthrodesis with Peroneal Tendon 
Excision and FHL Transfer
Michael J. Coughlin

28-15	� Repair of Dislocating Peroneal Tendons with Rerouting 
of the Calcaneofibular Ligament
T. J. Kemp and Michael J. Coughlin

28-16	� Repair of Dislocating Peroneal Tendons with Indirect 
Groove Deepening Procedure
Robert B. Anderson

28-17	� Repair of Dislocating Peroneal Tendons with Groove 
Deepening Procedure
Michael J. Coughlin
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29-1	� Posterior Tibial Tendon Debridement, Medial Calcaneal 
Displacement Osteotomy, and Platelet Rich Plasma 
Application
Andrew Haskell

29-2	 Gastrocnemius Recession (Strayer)
Michael J. Coughlin and Laura Dawson, DO

29-3	� Posterior Tibial Tendon Reconstruction with Flexor 
Digitorum Longus Tendon Transfer
Roger A. Mann

29-4	� Posterior Tibial Tendon Reconstruction with Flexor 
Digitorum Longus Tendon Transfer and Medial 
Calcaneal Slide Osteotomy
Andrew Haskell

29-5	 Minimally Invasive Calcaneal Osteotomy
Debbie Dang

29-6	� Posterior Tibial Tendon Reconstruction with Medial 
Displacement Calcaneal Osteotomy
Roger A. Mann

29-7	� Step-Cut Osteotomy for Lateral Column Lengthening 
and Medial Displacement of the Calcaneus
Keith L. Wapner

30-1	� Cavovarus Foot Correction with Calcaneal and First 
Metatarsal Osteotomes and Peroneus Longus to Brevis 
Transfer
Andrew Haskell

30-2	 First Toe Jones Procedure
Roger A. Mann

30-3	 Transfer of Peroneus Longus to Brevis
Roger A. Mann

30-4	 Dorsiflexion Osteotomy of the First Metatarsal
Roger A. Mann

30-5	 Dwyer Calcaneal Osteotomy
Roger A. Mann

30-6	 Calcaneal Osteotomy Modified Malerba
Fabian Kraus

34-1	 Transphalangeal Amputation of the Great Toe
Michael J. Coughlin

34-2	 Metatarsectomy
Andrew Haskell

34-3	 Transmetatarsal Amputation
Michael J. Coughlin

34-4	 Symes Amputation
Roger A. Mann

36-1	� Brostrom Ligament Repair with Gould Modification 
Oblique Incision
Roger A. Mann

36-2	� Brostrom and Calcaneo-Fibular Ligament Repair 
Oblique Incision
Thomas O. Clanton

36-3	� Brostrom—Gould Ligament Repair with Longitudinal 
Incision and Ankle Scope
Andrew Haskell

36-4	� Lateral Ankle Ligament Reconstruction with Peroneus 
Brevis Tendon
Roger A. Mann

36-5	� Lateral Ankle Ligament Reconstruction with Allograft 
Tendon
Michael J. Coughlin

36-6	� Lateral Ankle Ligament Reconstruction with Allograft 
Tendon and Interference Screws
Thomas O. Clanton

36-7	� Lateral Ankle Ligament Repair with Partial Peroneus 
Brevis Transfer (Brostrom—Evans)
Robert B. Anderson

36-8	 Syndesmosis Reconstruction
Andrew Haskell

36-9	� Turf Toe Acute Plantar Plate Repair Through a Medial 
Approach
Michael J. Coughlin

36-10	� Turf Toe Acute Plantar Plate Repair Through a Lateral 
Approach
Thomas O. Clanton

36-11	� Turf Toe Repair of Chronic Injury
Thomas O. Clanton

37-1	� Achilles Debridement and Repair of Chronic 
Tendinopathy
Andrew Haskell

37-2	� Achilles Tendon Reconstruction with FHL Tendon 
Transfer
Roger A. Mann

37-3	 Excision of Haglund Deformity
Roger A. Mann

37-4	� Debridement of Achilles Insertional Calcific Tendonitis 
with Platelet-Rich Plasma Injection
Thomas O. Clanton

37-5	 Endoscopic Excision of Haglund Deformity
Tahir Ögüt

37-6	 Achilles Insertional Reconstruction with FHL Transfer
Michael J. Coughlin

37-7	 Open Repair of an Acute Achilles Tendon Tear
Thomas O. Clanton

37-8	 Percutaneous Repair of an Acute Achilles Tendon Tear
Robert B. Anderson

37-9	 Achilles Tendon Repair of a Distal Tear with Anchors
Andrew Haskell

37-10	� Repair of Chronic Achilles Tendon Tear with FHL 
Tendon Transfer
Robert B. Anderson

38-1	� Open Reduction Internal Fixation Fifth Metatarsal 
Jones Fracture
Andrew Haskell

38-2	� Open Reduction Internal Fixation Fifth Metatarsal 
Jones Fracture with Bone Marrow Aspirate
Robert B. Anderson

39-1	 Ankle Arthroscopy Setup
Richard D. Ferkel

39-2	 Arthroscopic Ankle Debridement
Andrew Haskell

39-3	 Ankle Arthroscopy and Excision of Bone Spurs
Andrew Haskell

39-4	 Subtalar Arthroscopy
Richard D. Ferkel

39-5	� Posterior Ankle Arthroscopy Curettage and Autograft 
Talar Cyst
Tahir Ögüt

40-1	� Ankle Arthroscopy and Drilling of Talar Osteochondral 
Defect
Richard D. Ferkel

40-2	� Ankle Arthroscopy and Microfracture of Talar Dome 
Osteochondral Lesion
Thomas O. Clanton
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40-3	� Osteochondral Autograft Transfer (OATS) and 
Anterolateral Distal Tibia Osteotomy
Jeffrey A. Mann

40-4	� Autograft Talar Osteochondral Defect from the Distal 
Tibia (DTBG) and Morselized Cartilage Allograft 
Application
Andrew Haskell

41-1	 Ponseti Method of Clubfoot Casting
Matthew B. Dobbs

41-2	 Excision of Calcaneovicular Coalition
Roger A. Mann

41-3	 Excision of Talocalcaneal (Subtalar) Coalition
Roger A. Mann

41-4	 Vertical Talus Corrected with Serial Casting
Matthew B. Dobbs

43-1	 Pilon Fracture Hinged External Fixation
Andrew Haskell

44-1	 Lateral Malleolus Open Reduction Internal Fixation
Andrew Haskell

44-2	� Syndesmosis Fixation with Endobutton Device 
Following Maisonneuve Fracture
Robert B. Anderson, Donald Bohay, John Anderson, and  
Alireza Behdoudi

45-1	� Open Reduction Internal Fixation Calcaneus Fracture
Gregory P. Schweiger

45-2	� Closed Reduction with Percutaneous Fixation 
Calcaneus Fracture
John L. Marsh

47-1	� Open Reduction Internal Fixation Lisfranc Dislocation 
with Targeting Guide
Robert B. Anderson

47-2	 Open Reduction Internal Fixation Lisfranc Dislocation
Andrew Haskell

47-3	 Intertarsal Instability
Jesse F. Doty

47-4	� Percutaneous Intramedullary Fixation of Lesser 
Metatarsal Fracture
Hyong N. Kim
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I1

I N D E X

Note: Page numbers followed by “f” indicate figures, “t” indicate tables, and “b” indicate boxes.

A
Abductor hallucis, 153–154, 153f
Abductor hallucis technique, hallux varus deformity 

repair, 285f
Abductor hallucis tendon, 435, 438f
Abscess(es)

Brodie, 1378, 1378f
deep spaces of foot, 1375, 1377f
soft tissue infections, 1375, 1377f

Accessory bones, of foot, 463–497
accessory navicular, 465–471
bipartite first cuneiform, 490–492
bipartite navicular, 485–489
calcaneus accessorius, 483
metatarsocuneiform coalition, 492
os calcaneus secundarius, 482–483
os cuboides secundarium, 484
os cuneo-I metararsale-II dorsale, 489–490
os cuneo-I metararsale-I plantare, 489–490
os intercuneiform, 489
os intermetatarseum, 492–495
os subcalcis and os aponeurosis plantaris, 484
os subfibulare, 480–482
os subtibiale, 479–480
os sustentaculi, 483
os talonaviculare dorsale (os supratalare), 484
os trigonum, 471–475
os vesalianum, 495–497
sesamoid of peroneus longus, 475–478
sesamoid of tibialis anterior tendon, 478–479
sesamoid of tibialis posterior tendon, 479

Accessory navicular, 465–471
anatomy and incidence of, 465–467, 467f, 468f
classification scheme for, 465–467, 467f, 468f
in pes planus deformity, 1773
symptomatic, 466–467

evaluation and treatment, 469, 469f, 470f
Kidner procedure for, 469–470, 470f
optional procedure for, 470

Acellular graft, soft tissue interpositional 
arthroplasty with, 1094–1096, 1100f

Acetabulum pedis, 1942, 1987
Acetaminophen

complex regional pain syndrome, 779
and nonsteroidal antiinflammatory drug 

combination, 139
oral and intravenous, 138–139

Achilles paratenonitis, 1545, 1545t
diagnosis of, 1546
surgical treatment of, 1550–1551

postoperative care, 1550
results, 1550–1551
technique, 1550, 1550f

Achilles paratenonitis with tendinosis, 1545, 1545t
Achilles tendinitis, 1543

anatomy, 1543–1544
classification of, 1544, 1544t
differential diagnosis of, 1547t
endoscopic treatment of, 1681

history and physical evaluation in, 1545–1546, 
1546f, 1547f

imaging of, 90–93, 94f
insertional, 1545–1546
nonoperative treatment of, 1547–1550, 1549f
pathology and etiology of, 1544–1545, 1545f
radiographic evaluation of, 1546–1547, 1547f, 

1548f, 1549f
surgical treatment of, 1551–1557

endoscopic retrocalcaneal decompression, 
1552–1555

flexor hallucis longus tendon transfer, 1555
Haglund deformity

Achilles splitting approach, 1551–1552, 
1553f

lateral approach, 1552, 1554f
minimally invasive Zadek osteotomy, 1555, 

1556f
paratenonitis, 1550–1551

Achilles tendinopathy, extracorporeal shock wave 
therapy for, 120

Achilles tendinosis, 1544–1557
endoscopic treatment of, 1681
imaging of, 88–94
magnetic resonance imaging of, 1548f
surgical treatment of, 1551–1557

Achilles tendon, 1543
athletic injury of, 1543. See also specific injury

Achilles tendinitis, 1543–1544
chronic conditions of, classification, 1544t
contracture of

and development of hallux valgus, 170–171
in rheumatoid arthritis, 809

examination of, 31, 32f
and gait biomechanics, 24
stretching, 510–511

Achilles tendon rupture, 1557–1574
clinical test in diagnosis of, 1558, 1560f
etiology of, 1557–1558, 1558f, 1559f
history and physical examination in, 1558, 1559b, 

1560f, 1561f
indications for surgery, 1550t
locations of, 1557–1558, 1558f, 1559f
nonoperative treatment of, 1560–1562

nonoperative protocol, 1561–1562, 1563b, 
1563t

platelet rich plasma treatment of, 1578
predisposition to, 1557–1558
prodromal symptoms of, 1558
radiologic evaluation in, 1558–1560, 1562f
surgical treatment of, 1562–1574, 1564f, 1564t

Achilles sleeve avulsions, 1569–1570, 1570f
acute tear, 1562–1574, 1564f, 1564t

minimally invasive open technique,  
1565–1569, 1567f

modified Bunnel/box-type suture 
techniques, 1565, 1566f

postoperative care/rehabilitation, 1563t, 
1565–1568

traditional technique, 1564–1565, 1565f, 
1566f

turn-down fascial graft, 1565
chronic tendinosis repair (V-Y advancement), 

1571, 1573f
postoperative care, 1571
results, 1571

complications, 1568–1569, 1568f, 1569f
delayed surgical treatment, 1570–1571

Bosworth technique, 1570–1571, 1570f
fascial turn-down flap, 1571, 1571f, 1572f
postoperative care, 1570–1571

reconstruction techniques, 1574b
results, 1562–1563, 1564t
synthetic and allograft reconstruction,  

1577–1578, 1577f
tendon transfers to augment Achilles repair/

reconstruction, 1574–1577, 1575f
long flexor hallucis longus graft, 1574–1576, 

1575f
peroneus brevis tendon transfer, 1574, 1575f
postoperative care, 1576–1577
results, 1577
short flexor hallucis longus graft,  

1576–1577, 1576f
Achilles tendoscopy, 1681

postoperative care, 1681
results and complications of, 1681, 1682b
surgical technique, 1681

Achilles tenodesis, in valgus deformity in 
myelomeningocele, 751, 751f

Acquired melanocytic nevi, 635
Acral, 553b–554b
Acral lentiginous melanomas, 636
Acral nevi, 635
Acticoat (Smith & Nephew), 1799f
Acupuncture, for complex regional pain syndrome, 

778–779
Acute nerve transections of foot and ankle, 712–715
Acute paronychia, 579f
Additive manufacturing, total talus replacement, 

1008
Adductor hallucis, 153–154
Adductor hallucis tendon, 435, 438f
Adherent scar, 277
Adipofascial reverse dorsal metatarsal artery flaps, 

598
Adjacent interdigital neuromas, 685
Adjacent joints, total ankle replacement, 960, 960t
ADTA (anterior distal tibial angle), 1311, 1313f
Aeromonas hydrophilia infection, 1382
AFOs. See Ankle-foot orthoses
Akinette osteotomy. See Phalangeal closing wedge 

osteotomy
Akin procedure, 203–207

complications of, 207–208, 211f
contraindications to, 204
indications for, 203–204, 204f
minimally invasive, 208f

Achilles tendinitis (Continued) Achilles tendon rupture (Continued)
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I2 ﻿Index﻿

postoperative care in, 209
recurrent hallux varus deformity, 300
results of, 209
technique in

joint capsule reconstruction/osteotomy, 204
medial eminence resection/phalangeal 

osteotomy, 204
surgical exposure, 204–206

Alcohol injection, for neuralgia of interdigital 
neuroma, 683–684

Alignment of lower limb, normal, 1310–1313, 1310f
Allergic contact dermatitis (ACD), 634, 634f
Allgower-Donati sutures, 1839
Allgower-Donati technique, 1835
AlloDerm, 1799
Allodynia, 621
Allopurinol, 841
Amelanotic melanoma, 636, 637f
American Diabetes Association (ADA), 1330–1331
American Joint Committee on Cancer (AJCC) 

system, 642
American Orthopaedic Foot and Ankle Society 

(AOFAS) score, 119, 798, 1850
Amputation, 1366, 1397, 1421

ankle disarticulation, 1412–1415
below-knee, 1415–1418, 1416f, 1422, 1427–1429. 

See also Transtibial amputation
bone-bridging with, 1416–1418, 1417f
results, 1418
surgical elements of, 1416b
surgical technique, 1418

Chopart disarticulation, 1410–1412
pitfalls and complications, 1412
postoperative care, 1411–1412
surgical technique, 1411, 1412f

distal toe and nail, 1402
pitfalls and complications, 1402
postoperative care, 1402
surgical technique, 1402, 1402f

etiology of, 1398b
factors that affect healing, 1402
goals of, 1397–1398
great toe metatarsophalangeal disarticulation, 

1403, 1404f
great toe through proximal phalanx base,  

1402–1404, 1403f
hindfoot (Chopart), 1351f
indications for, 1397–1398
in intractable nerve pain, 710–711
lesser toe(s), 1404, 1404f, 1405f
levels of, 1401–1402
Lisfranc (tarsometatarsal disarticulation), 1410, 

1411f
partial calcanectomy, 1412
partial foot, 1398, 1398f, 1408f, 1422–1428. 

See also Partial foot amputation
Boyd and Pirogoff amputations, 1427–1428
Chopart procedure, 1427, 1427f
level of, 1422
Lisfranc amputation, 1426–1427
phalangeal amputation, 1422–1423, 1423f
ray amputation, 1423–1425, 1424f
transmetatarsal amputation, 1425–1426, 1425f, 

1426f
perioperative challenges, 1398b
racquet-type incision for, 1403, 1403f
rates, lower extremity, 1331, 1331f

ray or partial forefoot, 1404–1406
for abscess and osteomyelitis, 1406, 1408f
border-ray resection, 1405, 1406f
central-ray resection, 1405–1406, 1407f
lateral, 1406, 1407f
molded insole for, 1406, 1408f
multiple-ray resections, 1406
recurrent ulceration after, 1406, 1408f

vs. salvage, in soft tissue reconstruction, 
1796–1797

surgical considerations, 1399–1402
amputation level, 1401–1402
drains, 1401
factors that affect healing, 1402
skin grafting and flap coverage, 1401
soft tissue preservation, 1399–1400
tourniquet use, 1399
vascular reconstruction, 1401
wound closure, 1400–1401, 1400f

Syme (ankle disarticulation), 1412–1415, 1413f, 
1428–1431, 1428f

“Canadian” prosthesis, 1429–1430
expandable wall socket design, 1430f
gait, 1430–1431, 1431f, 1432f
medial opening prosthesis, 1430
prosthetic considerations, 1429–1430, 1429f, 

1430f
with shifted heel pad and ulceration, 1429f
silicone bladder prosthesis, 1430f
stovepipe prosthesis, 1429
surgical considerations, 1428–1429, 1428f, 

1429f
xeroradiograph, 1429f

transmetatarsal, 1406–1410, 1409f, 1410f
pitfalls and complications, 1410
postoperative care, 1410, 1410f
surgical technique, 1408–1410

Amyotrophic lateral sclerosis (Lou Gehrig disease), 
767

Anatomic axis, 1310, 1311f
Anesthesia

multimodal, 136
opioid, changing role of, 136
regional, 128–132

complications of, 132–136
special circumstances in application of, 143–147

Aneurysmal bone cyst, 661–662, 662f
Angiopathy, in diabetic foot, 1332
Angiosomes, of foot, 1857f
Angular deformities, surgical techniques for, 

937–948
assessment, 939–940
deformity proximal to the ankle, 940–944, 940f, 

941f, 942f, 943f
valgus osteoarthritic ankle, 944, 946f
varus osteoarthritic ankle, 944–948, 946f, 947f

Angulation deformity, 1310, 1310f
Animal bite infections, 1390
Ankle

age-related declines in articular cartilage tensile 
properties, 867

anatomy of, 1854–1856, 1855f, 1856f
anterior, surface anatomy, 31–33, 32f
arthrodesis of. See Ankle arthrodesis
arthroscopy of. See Ankle arthroscopy
articular cartilage metabolism, 868
articular surfaces of, 866, 869

articular tensile properties, 867, 867f, 868f
athletic soft tissue injury in, 1442–1451

high ankle sprains, 1479–1492. See also Ankle 
syndesmosis sprains

lateral ankle sprains, 1461–1479. See also 
Lateral ankle sprains

medial ankle sprains, 1492–1496. See also 
Medial ankle sprains

axis of, estimation of, 42, 42f
cartilage strength and stiffness, 867
congenital plicae in, arthroscopic treatment, 1630
disarticulation of. See Ankle disarticulation
femoral head and talus articular cartilage tensile 

fracture, 867, 867f, 868f
fractures of. See Ankle fractures
fusion, 888–892, 889t–890t

anterior plating, 890
based on preoperative deformity, 890, 891t
bone and joint complications, 893
bone grafting, 890
bone grafting plus fibula onlay, 890
complications, 892–893
medial malleolus resection delays, 890
non-bone grafting, 890
nonunion and malunion, 892–893, 893t
patient-reported outcomes, 892
range of motion and gait, 892
soft tissue complications, 893
using external fixator, 892, 892t

hemarthroses of, arthroscopic treatment, 1632, 
1633f

and hindfoot, surface anatomy, 29–34
lateral ligaments, tendons, muscles, 29, 29f
lateral nerves, 29
lateral osteology, 29
medial ligaments, tendons, muscles, 30
medial neurovascular structure, 30–31, 31f
medial osteology, 30
posterior, 31, 32f

infections of, arthroscopic treatment, 1632–1633
instability of, assessment of, 42
joint anatomy, 866, 867f
joint articular cartilage, 867
joint biomechanics

angle variations, 3f
arthrodesis, 13
foot fixed to floor, 3f
obliquely placed ankle axis, 3f
obliquity, 2–3, 2f

joint dorsiflexion-plantar flexion, 12f
joint imaging, 869–870

computed tomography, 869–870
magnetic resonance imaging, 869
nuclear medicine scans, 869–870
radiography, 869, 870f
ultrasound imaging for, 869

ligaments of, 1854–1855, 1856f
deltoid ligament complex, 1492

biomechanics, 1492–1493
and gait biomechanics, 15–16
lateral complex, 1461–1464, 1462f, 1463f

biomechanics in sports, 1463–1464
syndesmosis complex, 1480–1481, 1855, 1856f. 

See also Ankle (tibiofibular) syndesmosis
biomechanics, 1481–1482

neural anatomy, 127–128
osteoarthritis of. See Ankle osteoarthritis

Akin procedure (Continued) Amputation (Continued) Ankle (Continued)
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radiographic assessment of, 52–53
fractures, 60f, 61f
instability, 61f, 62f
routine series, 53f

range of motion assessment of, 42–45, 42f
rheumatoid arthritis of, arthroscopic treatment, 

1630–1631
ring external fixation in, 1309
sensory innervation, 127–128
soft tissue impingement

arthroscopic treatment, 1634–1641
anterolateral, 1634–1636, 1635f, 1636f, 1637f
medial, 1636
posterior, 1636–1637, 1637f, 1638f, 1639f, 

1681–1686, 1682f, 1682t
postoperative care in, 1641
results and complications of, 1641
surgery, 1639–1641, 1640f, 1641f
syndesmotic impingement, 1637–1639, 

1640f
stress view, 62f
and subtalar contracture, correction of, 

1325–1326
ring fixation in, 1325–1326

syndesmotic impingement, arthroscopic 
treatment, 1637–1639

synovial osteochondromatosis of, arthroscopic 
treatment, 1632

tenosynovial giant cell tumor of, arthroscopic 
treatment, 1631–1632

tensile properties, 867
and transverse tarsal joint ligament complex, 

imaging of, 84
traumatic synovitis of, arthroscopic treatment, 

1633–1634
Ankle arthritis

before and after triple arthrodesis, 1022f
clinical impact, 868
intraarticluar deformity strategies, 1325
limb axis malalignment and, 1309
operative treatment of, 935–948

Ankle arthrodesis
arthroscopic, 1655–1657, 1655f. See also Ankle 

arthrodesis, posterior arthroscopic
clinical impact, 868
etiology, 865, 865t
focal, 868
foot deformities, 906, 909f
fusion surgery, 906–912

malunion, 893t, 910
nonunion, 906–910, 910t
secondary subtalar arthritis, 910–912, 911f, 

912f
gait biomechanics, 13
nonoperative treatment, 871–873

bracing and shoe modifications, 872–873, 873f
corticosteroids, 871
medications, 871
mesenchymal stem cell injections, 871–872
platelet-rich plasma injection, 871–872
viscosupplementation, 871–872

operative treatment
ankle fusion, 873–893
of asymmetric, localized ankle arthritis,  

894–906, 901f, 902t, 903f
bipolar osteochondral allograft ankle joint 

resurfacing, 893–894, 894t, 895f

distal tibia malalignment, 898–906, 904t–906t, 
907f, 908f

distraction arthroplasty, 894, 894t, 896f–897f, 
898t–899t, 900f

pathogenesis of
avascular necrosis, 866
gout, 866
hemochromatosis, 866
hemophilia, 866
multiple intraarticular hemorrhages, 866
postinfectious arthritis, 866
posttraumatic, 865–866, 866t
primary arthritis, 866–868
rheumatoid arthritis, 866

patient evaluation, 868–871
history and physical examination, 868–869
joint imaging, 869–870
selective injections, 870–871

posterior arthroscopic, 1691, 1691f, 1692f
prevalence of, 863–865

autopsy studies, 864–865, 864f
clinical studies, 865
radiographic evaluations, 865

as salvage procedure in talar fracture, 1975
talar avascular necrosis and, 868

Ankle arthroscopy (in supine position), 1620–1629
advantages and disadvantages, 1621
anesthesia for, 1624
arthroscopy pump use in, 1624
equipment for, 1621–1623
examination of interior in, 1626–1629

eight point anterior, 1627, 1627f
seven point posterior, 1627, 1628f
six point central, 1627, 1628f

history, 1620–1621
indications for, and contraindications, 1621, 

1621b
intraarticular anatomy in, 1626, 1627t
pathologic conditions treated by, 1629–1658, 

1630b
acute fractures, 1646–1648
ankle arthrodesis, 1655–1657
arthritis, traumatic and degenerative, 

1654–1655
chronic fractures, 1648–1649
congenital plicae, 1630
end-stage ankle arthritis, 1655–1658
hemarthroses, 1632, 1633f
infections, 1632–1633
lateral ankle instability, 1652–1653
loose bodies and ossicles, 1641–1644,  

1642f
medial ankle instability and deltoid tears, 

1653–1654
medial soft tissue impingement, 1636
nonspecific generalized synovitis, 1634
nonspecific localized synovitis, 1634
other inflammatory arthritides, 1633
posterior bony impingement, 1646
posterior soft tissue impingement, 1636–1637
rheumatoid arthritis, 1630–1631
soft tissue impingement, 1634–1641
syndesmotic impingement, 1637–1639
syndesmotic instability, 1649–1652
synovial irritation, 1630, 1630t
synovial osteochondromatosis, 1632, 1632t, 

1633f

tenosynovial giant cell tumor, 1631–1632, 
1631f

traumatic synovitis, 1633–1634
portals for, 1624–1626

anterior, 1624–1626, 1625f
complications of, 1626
landmarks and structures, 1625t
posterior, 1626, 1626f
preferred, 1626

positioning and preparation for, 1623–1624, 
1624f

postoperative management in, 1629
surgical preparation for, 1627–1629

anterior portal establishment, 1627–1629, 
1628f

intraoperative setup, 1629, 1630f
joint distraction, 1627
marking external anatomic landmarks, 1627
patient and personnel positioning, 1629, 1630f
peroneal nerve identification, 1627, 1628f
posterior portal establishment, 1629, 1629f
three portal technique, 1629f

Ankle-brachial index (ABI), 1340
Ankle disarticulation (Syme amputation), 1412–

1415, 1428–1431, 1428f
“Canadian” prosthesis, 1429–1430
expandable wall socket design, 1430f
gait, 1430–1431, 1431f, 1432f
medial opening prosthesis, 1430
prosthesis for, 1430f
prosthetic considerations, 1429–1430, 1429f, 

1430f
with shifted heel pad and ulceration, 1429f
silicone bladder prosthesis, 1430f
stovepipe prosthesis, 1429
surgical considerations, 1428–1429, 1428f, 1429f
xeroradiograph, 1429f

Ankle distraction arthroplasty, 894, 894t, 896f–897f, 
898t–899t, 900f, 1320–1322

complications of, 1323–1325
frame application surgical technique in, 

1321–1322
aftercare, 1322
ankle hinge, 1321, 1321f
distraction procedure, 1322
foot ring, 1321–1322
tibial base frame, 1321

patient evaluation for, 1320
results and complications of, 1322–1325, 1323f, 

1324f
Ankle distractors, and techniques, 1622–1623, 

1623f, 1624f
Ankle-foot orthoses, 116–118, 1296

Arizona-type, 117–118
for arthritic deformities, 120
articulated ankle foot orthosis, 116–117
for calcaneal instability in myelomeningocele, 

738, 753f
carbon-fiber, 1425f
Charcot Restraint Orthotic Walker (CROW), 118
design considerations, 118
dynamic, 752, 753f
for heel pain, 121
with off-loading patellar tendon component and 

energy storing carbon-fiber strut, 1850f
posterior leaf spring ankle foot orthosis (PLS 

AFO), 116

Ankle (Continued) Ankle arthrodesis (Continued) Ankle arthroscopy (in supine position) (Continued)
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for rheumatoid arthritic deformities, 791–792
solid-ankle ankle foot orthoses, 117
solid ankle dynamic, 118
for tarsal tunnel syndrome, 693–703
for tendon disorders, 120–121
transmetatarsal amputation, 1425, 1425f

Ankle-foot orthosis (AFO) brace, 808, 809f
Ankle fractures

arthroscopic treatment of acute, 1646–1648
evaluation and planning, 1646
indications/contraindications, 1646
medial malleolar surgical technique, 1646, 

1648f
postoperative management, 1647
results and complications, 1647–1648
surgical technique, 1646, 1647f, 1648f
Tillaux fracture surgical technique, 1646–1647, 

1648f
arthroscopic treatment of chronic, 1648–1649

evaluation and planning, 1648–1649
indications/contraindications, 1648
postoperative care, 1649
results and complications, 1649
surgical technique, 1649

Ankle fractures and dislocations, 1854
arthroscopic evaluation of, 1876–1877, 1883f, 

1884f
traumatic osteochondral lesions associated 

with, 1876, 1883f
classification systems for, 1856–1858
complications in, 1881–1886

infection/wound, 1885
malunion, 1881–1883, 1887f, 1888f
nonunion, 1883–1885, 1888f
posttraumatic arthritis, 1885–1886

deltoid ligament repair, 1875–1876, 1882f
techniques for, 1875–1876, 1883f

fibular fracture fixation
type A fractures, 1863
type B fractures, 1863–1866
type C fractures, 1866–1867

medial malleolus fracture fixation, 1867–1871
hook plates for, 1868, 1877f
optimal reduction technique in, 1867, 1874f, 

1875f
safe zones for, 1868–1871, 1878f
for supination adduction injuries, 1868, 1875f
tension band fixation for, 1868, 1876f
variety of approaches in, 1867

open, 1877–1878, 1884f
posterior malleolus fracture, 1871–1873

techniques for fixation of, 1872–1873, 1878f, 
1879f, 1880f

postoperative management of, 1879–1881
radiographic evaluations of, 1858–1861, 1859f

mortise view assessment, 1858, 1859f, 1860f
syndesmosis assessment, 1858, 1859f
talar tilt assessment, 1859
talocrural angle assessment, 1859

surgical treatment of, 1863–1876
complications, 1881–1886
in diabetic patients, 1878–1879, 1885f, 1886f
fibular fracture fixation, 1863–1867
incisions, 1862–1863, 1863f, 1864f
medial malleolus fracture fixation, 1867–1871
open fractures/dislocations, 1877–1878, 1884f
patient positioning, 1862

posterior malleolus fracture, 1871–1873
postoperative management, 1879–1881
sequence of open reduction and internal 

fixation, 1863–1866
timing, 1862

syndesmosis dislocations, 1873–1875
techniques for fixation of, 1873–1875, 1881f, 

1882f
external rotation stress examination, 1882f
removal of screws, 1875
suture buttons for, 1875

treatment options for, 1861–1863
complications, 1881–1886
in diabetic patients, 1878–1879, 1885f, 1886f
non-weight-bearing stress examination, 

1861–1862, 1861f
operative or nonoperative, 1861–1862, 1861f
weight-bearing stress examination, 1861–1862

type A (infrasyndesmotic), 1863, 1865f
treatment of, fibular fracture fixation, 1863

typical fracture reduction and fixation, 
1865f

type B (transsyndesmotic), 1863–1866, 1865f, 
1866f, 1867f, 1868f

treatment of, fibular fracture fixation, 
1863–1866

lag screw and neutralization and plate 
fixation, 1864–1865, 1865f

lateral and posterolateral locking plate, 
1866, 1868f

posterior antiglide plate technique, 1865, 
1866f

reduction by traction and internal rotation, 
1863–1866, 1865f

typical internal fixation, 1865–1866, 1867f
type C (suprasyndesmotic), 1863–1866, 1869f, 

1870f, 1871f, 1872f, 1873f
malunion complications, 1881–1883
treatment of, 1863–1866

fibular intramedullary nailing (IMN), 
1866–1867, 1873f

indirect reduction technique, 1866, 1872f
internal fixation techniques, 1866, 1869f, 

1870f
Maisonneuve fracture reduction/fixation, 

1866, 1872f
syndesmotic fixation, 1866, 1871f

Ankle infections, 1372
Ankle osteoarthritis

arthroscopic treatment of, 1654–1655
clinical impact, 868
etiology, 865, 865t
focal, 868
foot deformities, 906, 909f
fusion surgery, 906–912

malunion, 893t, 910
nonunion, 906–910, 910t
secondary subtalar arthritis, 910–912, 911f, 

912f
nonoperative treatment, 871–873

bracing and shoe modifications, 872–873,  
873f

corticosteroids, 871
medications, 871
mesenchymal stem cell injections, 871–872
platelet-rich plasma injection, 871–872
viscosupplementation, 871–872

operative treatment
ankle fusion, 873–893
of asymmetric, localized ankle arthritis,  

894–906, 901f, 902t, 903f
bipolar osteochondral allograft ankle joint 

resurfacing, 893–894, 894t, 895f
distal tibia malalignment, 898–906, 904t–906t, 

907f, 908f
distraction arthroplasty, 894, 894t, 896f–897f, 

898t–899t, 900f
pathogenesis of

avascular necrosis, 866
gout, 866
hemochromatosis, 866
hemophilia, 866
multiple intraarticular hemorrhages, 866
postinfectious arthritis, 866
posttraumatic, 865–866, 866t
primary arthritis, 866–868
rheumatoid arthritis, 866

patient evaluation, 868–871
history and physical examination, 868–869
joint imaging, 869–870
selective injections, 870–871

prevalence of, 863–865
autopsy studies, 864–865, 864f
clinical studies, 865
radiographic evaluations, 865

talar avascular necrosis and, 868
Ankle replacement, 920
Ankle sprain(s), in athletic injury

high, 1479–1492. See also Ankle (tibiofibular) 
syndesmosis sprains

lateral, 1461–1479. See also Lateral ankle sprains
medial, 1492–1496. See also Medial ankle sprains
and subtalar sprains, 1497–1504. See also 

Subtalar joint sprains
Ankle (tibiofibular) syndesmosis

anatomy, 1480–1481, 1480f, 1481f
biomechanics of, 1481–1482
impingement syndrome of

anatomy and pathology of, 1638, 1640f
arthroscopic treatment, 1639–1641
indications and contraindications, 1638
postoperative care, 1641
preoperative evaluation and planning in, 

1638–1639, 1640f
results and complications in, 1641
surgical technique, 1639–1641

instability of, 1649–1652
anesthesia examination, 1649
arthroscopic treatment of, 1650–1652, 1650f
disruptions, 1649
indications/contraindications, 1649–1650
postoperative care, 1651
preoperative evaluation/planning, 1650
results and complications, 1651–1652
surgical technique, 1651, 1651f

ligament complex of, 1480–1481, 1855, 1856f
biomechanics of, 1481–1482
calf compression test, for stability, 42, 43f

sprains of, 1479–1492. See also Ankle 
(tibiofibular) syndesmosis sprains

Ankle (tibiofibular) syndesmosis sprains, 
1479–1492

acute, treatment of, 1487–1492
type I, 1490

Ankle-foot orthoses (Continued) Ankle fractures and dislocations (Continued) Ankle osteoarthritis (Continued)
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type II, 1489–1490
type III, 1487–1489

postoperative care, 1489, 1489f
surgical stabilization, 1487–1489

chronic, treatment of, 1490–1491, 1491f
classification of, 1485–1487, 1487f
definition of, 1479, 1480f
evaluation of, 1482–1483

arthrographic, 1484–1485
athroscopic, 1485, 1486f
computed tomographic scan, 1485
magnetic resonance imaging, 1485, 1486f
radiologic, 1483–1485, 1483f, 1484f
stress radiographic, 1484, 1485f
ultrasonographic, 1485

incidence of, and risk factors, 1479–1480
mechanisms of injury in, 1482
subacute, treatment of, 1490, 1490f

iatrogenic synostosis, 1490
tendon graft reconstruction, 1490, 1490f

treatment results over long term, 1491–1492
type I, 1489–1490
type II, 1489–1490
type III, 1487–1489, 1488f, 1489f
type IV, 1485

Ankle tumors, 643–644
Ankle valgus. See also under Ankle osteoarthritis

in rheumatoid arthritis, 803–804, 804f
Ankylosing spondylitis, 850

clinical presentation, 850
differential diagnosis of, 850
etiology of, 850
radiographic findings in, 850
treatment of, 850

Ankylosis, 1990
Anonychia, 553b–554b, 558, 580, 581f
Anterior calcaneal osteotomy, 1765–1766

additional considerations, 1766
postoperative care, 1766
surgical technique, 1765–1766, 1766f

Anterior calf muscles, 9
Anterior distal tibial angle (ADTA), 1311, 1313f
Anterior drawer examination, for ankle instability, 

42, 43f, 1464–1466, 1465f, 1466f, 1467f, 
1482

Anterior drawer stress view, of ankle, 61f, 1466, 
1467f

Anterior inferior tibiofibular ligament, 1480
Anterior main fragment, 1896–1897
Anterior talofibular ligament, 1461, 1854–1855, 

1855f
Anterior tendon transfer, 1217–1219, 1218f
Anterior tibial tendon, 1136–1147, 2000–2002

anatomy, 1136–1138, 1136f, 1137f, 1138f
examination after rupture, 1139f
with extensor digitorum longus, 1148f
fractured distal tibia with avulsion of, 1140f
ganglion of anterior ankle region eroding, 1137f
with gracilis tendon autograft, 1144f
history and physical examination, 1138–1139, 

1138f, 1139f, 1140f
imaging, 1139–1140, 1140f
magnetic resonance imaging, 1139–1140, 1140f
manifest with lump, 1138f
with quadruple gracilis tendon graft, 1149f
results and complications, 1147
sliding tendon graft technique, 1144f

spontaneous rupture of, 1138f
surface anatomy, 31, 33f
surgical treatment, 1141–1147, 1142f, 1143f, 

1144f, 1145f, 1146f, 1148f, 1149f
transfer of. See Anterior tibial tendon transfer(s)
treatment considerations, 1140–1141
with turn-down and extensor hallucis longus, 

1146f
Anterior tibial tendon transfer(s)

in calcaneal deformity in myelomeningocele, 
748–751, 750f

surgical technique, 761–762
Anterolateral fragment, 1897
Anterolateral thigh (ALT) flap, 1809–1811, 1810f

in patient with excised tumor from heel, 1814f
Anteromedial fragment, 1897
Anteroposterior talocalcaneal angle, 69f
Antibiotic beads, 1795

advantages of, 1795
in ankle wound, 1795f
placement of, 1795

Antibiotics
by implantable device, 1380–1381, 1381f
for necrotizing fasciitis, 1375
for osteomyelitis, 1379

Anticonvulsants
for complex regional pain syndrome, 780–781
for neuralgia of interdigital neuroma, 696

Antidepressants
for complex regional pain syndrome, 782
for neuralgia of interdigital neuroma, 684
for plantar sweating, 615–616

Antiepilepsy medication, for neuralgia in tarsal 
tunnel syndrome, 692

Antiinflammatory medication
for complex regional pain syndrome, 779–780
for neuralgia of interdigital neuroma, 684
in plantar fasciitis, 511

Anti-neurosensitization medications, for complex 
regional pain syndrome, 780–781

Antioxidants, for complex regional pain syndrome, 
780

Antiperspirants, 618
Anti-TNF-α therapy, for rheumatoid arthritis, 808
Anti-tumor necrosis factor medications, for 

complex regional pain syndrome, 780
AO (Association for Osteosynthesis) Müller 

classification, of ankle fractures, 1858, 
1858f

Apex of deformity, 1314
Apophysis, 2019, 2029f
Arbeitsgemeinschaft für Osteosynthesefragen (AO) 

soft tissue scoring system, 1787–1788
Arizona brace, 120–121, 1248f
Arizona-type ankle-foot orthoses, 117–118
Arterial Doppler ultrasound, 1402
Arteriovenous malformations (AVMs), 647
Arthritic conditions, of foot, 790–793
Arthritis

degenerative
of interphalangeal joint, 1124–1125
of lesser toes, 1125, 1128f, 1129f

etiology of, 950
hindfoot, 1020
midfoot, 1070

etiology, 1070–1072, 1071f
imaging studies, 1072

lateral column interposition arthroplasty, 1075
medial and middle column arthrodesis, 

1073–1075
medial column exostectomy, 1073
nonoperative treatment, 1072
nonsteroidal antiinflammatory drugs, 1072
operative treatment, 1072–1075
physical examination, 1072
tarsometatarsal joints, 1072

pantalar, 1020
primary, 866–868

Arthritis mutilans, psoriatic arthritis with, 845, 847
Arthrodesis, 1026–1064. See also specific arthrodesis 

procedure
ankle. See Ankle arthrodesis
bony procedures, 1305
calcaneocuboid, 794, 1040–1041

postoperative care, 1041
surgical technique, 1040–1041

closure, 1031–1036, 1059–1064
arthroscopic surgical technique, 1031
clinical outcomes, 1031–1033
complications, 1034–1036, 1034f, 1061–1064, 

1062f, 1063f, 1064f
grafting considerations, 1060–1061
hardware considerations, 1061
postoperative care, 1031, 1059
results, 1031–1034, 1059–1061
surgical considerations, 1061
surgical factors, 1033
surgical technique, 1059
swelling and fracture blister, 1059,  

1060f
deformity correction, 1030
double, 794–795, 1041–1044

indications, 1041, 1041f
position of, 1041
postoperative care, 1042
results, 1042–1043, 1042f
special considerations, 1043–1044, 1043f
surgical technique, 1041–1042

first metatarsophalangeal joint, 823–834
first metatarsophalangeal joint interpositional, 

1117–1124
failed total toe implant, 1118, 1122f
postoperative care, 1118, 1122f
results and complications, 1118–1124, 1123f, 

1124f
surgical technique, 1117–1118, 1120f, 1121f

hindfoot, 793–795
internal fixation, 1030–1031

intramedullary nail, 1058–1059
plate and screws, 1059

joint preparation, 1030
Lapidus procedure, 247–258
medial and middle column, 1073–1075

fixation techniques, 1074f
postoperative care, 1074
results, 1074–1075
surgical technique, 1073–1074

metatarsocuneiform, 248
metatarsophalangeal joint, 251–258
metatarsophalangeal joint, first metatarsal 

osteotomy, 1101–1106
adapting dorsal plate, 1104, 1112f
fixation constructs, strength, 1101, 1110t
internal fixation for, 1110f

Ankle (tibiofibular) syndesmosis sprains (Continued) Anterior tibial tendon (Continued) Arthritis (Continued)
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results and complications, 1101–1106, 1110f, 
1111f, 1112f

splay foot, treatment, 1103–1104, 1112f
surgical technique, 1101, 1109f
titanium locking plate, placement, 1101, 1109f

midtarsal, 803
modified double (subtalar and talonavicular), 

1044–1045
indications, 1044
position, 1044
postoperative care, 1045
results, 1045, 1046f
surgical technique, 1044–1045

in navicular body fractures, 1990
naviculocuneiform, 1271–1274

indications and contraindications, 1272–1274
results, 1274
surgical technique, 1272–1273, 1273f

pantalar, 795
of pilon fractures, 1845–1846, 1845f, 1847f

postoperative care, 1846
surgical technique, 1846

single and double, 1280
subtalar, 793–794, 1026–1030, 1026t, 1278–1280

arthroscopic, 1034
distraction, 1033–1034, 1033f
healing of, 1032f
indications, 1026–1027, 1027f
open surgical technique, 1027–1030, 

1028f–1029f
position of, 1027
posttraumatic, 1026
single screw, 1031f

talar, 1974–1975, 1975f
talonavicular, 794, 1036–1040

alignment of, 1036
complications, 1039–1040, 1039f
indications, 1036, 1037f
Mueller-Weiss disease, 1036, 1037f
nonunion, 1039–1040, 1039f
postoperative care, 1038
results, 1038–1039, 1038t
surgical technique, 1036–1038

tarsometatarsal, 795
tibiocalcaneal, 1978
tibiofibular, distal, 1882–1883
tibiotalocalcaneal and pantalar arthrodesis, 

1053–1058
grafting considerations, 1054–1058
hardware considerations, 1053–1054, 1055f, 

1057f
biomechanical comparison of, 1054t, 1056t, 

1057t
external fixation, 1054
nails, 1053–1054, 1054t, 1055f
plate and screws, 1054, 1057t
screws, 1053, 1053f, 1054t

indications, 1053
nonunion, 1061, 1062f
open surgical technique, lateral approach, 

1058–1059
outcomes after, 1060t
position of, 1053
using retrocalcaneal nail, 1053–1054, 1054t, 

1055f
triple, 795, 1045–1053, 1047f

complications, 1051, 1052f

indications, 1045–1048, 1048f
position of, 1047f, 1048–1049
postoperative care, 1050
progressive ankle coronal plane deformity, 

1051, 1052f
results, 1050–1051, 1050t
revision for malalignment, 1051–1053
surgical approach, 1049–1050

Arthrofibrosis
after talar fracture surgery, 1968–1969
and heterotopic ossification, 980–981, 980f,  

981f
imaging in, 101–102, 103f
metatarsophalangeal joint, 297
postoperative, in hallux valgus surgery, 203

Arthropathy(ies), 838–842
arthroscopic treatment of, 1654–1655
crystal induced, 838–843. See also Calcium 

pyrophosphate dihydrate deposition 
disease; Gouty arthropathy

fibromyalgia, 853–854
juvenile idiopathic arthritis, 838
Lyme disease, 851–853
nonsurgical treatment of, 120
osteoarthritis of ankle. See Ankle osteoarthritis
osteoarthritis of foot, 790–793. See also 

Degenerative arthritis
rheumatoid arthritis, 800. See also Rheumatoid 

arthritis
seronegative, 843–851. See also Ankylosing 

spondylitis; Psoriatic arthritis; Reactive 
arthritis; Systemic lupus erythematosus

treatment of, 841–842
Arthroplasty

excisional, hallux rigidus, 1091–1092
postoperative care, 1092
surgical technique, 1092, 1096f

first metatarsophalangeal implant resection, 
1116–1117

postoperative care, 1117
surgical technique, 1116–1117, 1119f

lateral column interposition, 1075
postoperative care, 1075
results, 1075
surgical technique, 1075

metatarsophalangeal joint, first metatarsal 
osteotomy, 1106–1115, 1113f

failed hemiimplant, 1107, 1113f
metal-polyethylene joint replacements,  

1108–1109, 1114f
silicone elastomer joint replacement,  

1109–1115, 1114f, 1115f, 1116f, 1117f, 
1118f

total hallux implant, 1108, 1114f
Arthroplasty, ankle distraction, 1320–1322

complications of, 1323–1325
frame application surgical technique in, 

1321–1322
aftercare, 1322
ankle hinge, 1321, 1321f
distraction procedure, 1322
foot ring, 1321–1322
tibial base frame, 1321

patient evaluation for, 1320
results and complications of, 1322–1325, 1323f, 

1324f
Arthroscopic ankle fusion, 890

Arthroscopic equipment, 1621–1623
ankle distractors, 1622–1623, 1623f, 1624f
arthroscopes, 1621–1622, 1621f
instruments, 1622, 1622f, 1623b

Arthroscopic evaluation, of ankle fracture,  
1876–1877, 1883f, 1884f

Arthroscopic subtalar arthrodesis, 1034
Arthroscopic surgical technique, 1031
Arthroscopy, 1620–1621

advantages and disadvantages of, 1621
of ankle, 1626–1629. See also Ankle arthroscopy
complications of, 1694–1697, 1695b

articular cartilage injury, 1696
avoiding complications, 1697, 1697b, 1697f
fluid management, 1696
incidence of, 1694–1695, 1695f, 1695t
infections, 1696–1697
instrument breakage, 1696, 1696f
neurovascular, 1695–1696
tendon and ligament injuries, 1696
tourniquet, 1696
wound complications, 1696–1697

and endoscopic procedures, 1670–1676, 1670b, 
1692–1694

of foot (in supine position), 1658–1670
hallux and lesser toes, 1666–1669
subtalar joint, 1658–1662
talus and calcaneal fractures, 1664

of hindfoot, endoscopy in prone position,  
1676–1692. See also under Hindfoot 
Hindfoot arthrodesis

Articular cartilage repair, imaging of, 87, 91f
Articulated ankle foot orthosis, 116–117
Athlete’s foot. See Tinea pedis
Athletic shoes, 113
Athletic soft tissue injury, 1441, 1441f

chronic leg pain in, 1451–1461
chronic exertional compartment syndrome, 

1451–1456
delayed-onset muscle soreness, 1461
differential diagnosis, 1451, 1451t
gastrocnemius-soleus strain, 1458–1459
incidence, 1451
medial tibial stress syndrome, 1456–1457
nerve entrapment syndromes, 1459
popliteal artery entrapment, 1459–1461
tibial and fibular stress fractures, 1457–1458
venous disease, 1461

epidemiology of, 1442, 1442f, 1443t–1446t
etiologic factors, 1442–1446, 1446f
historical perspective on, 1442
risk factors for, 1442

biomechanical abnormalities, 1446–1447
flexibility, 1447–1448, 1447f
footwear and orthoses, 1448–1450, 1449f, 

1450f
muscular weakness or imbalance, 1448
playing surface, 1450–1451
strength, 1448, 1449f

specific. See also specific injury
Achilles tendon injuries, 1543

tendinitis, 1543–1544
tendon rupture, 1557–1574
tendon transfers to augment Achilles repair/

reconstruction, 1574–1577
ankle syndesmosis sprains, 1479–1492
bunions, 1519–1520
forefoot sprains, 1511–1519

Arthrodesis (Continued) Arthrodesis (Continued)
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lateral ankle sprains, 1461–1479
medial ankle sprains, 1492–1496
midfoot sprains, 1504–1511
sinus tarsi syndrome, 1504
subtalar sprains, 1497–1504

Atopic dermatitis, 633
Atypical lipomatous tumors (ALT), 648
Atypical mycobacteria, 1385–1386
Atypical nevi, 635
Australian Orthopaedic Association’s Joint 

Replacement Registry, 950
Autologous chondrocyte implantation (ACI),  

1718–1719, 1726f, 1735
Avascular necrosis, 866, 1006

3D printed arthrodesis for, 1007–1008
after chevron procedure, 217–218, 219f
after metatarsal head, 294, 294f
after proximal phalangeal osteotomy, 295
associated with talar fractures, 1965–1967.  

See also under Talus
computed tomography, 1006–1007
vs. degenerative arthritis, 218f
etiology, 1006
Hawkins sign in, 1966, 1966f
imaging, 1006
imaging in, 103–104, 104f
of lateral sesamoids, 435–437, 439f
of metatarsal head, 795, 840–841
metatarsal head after distal osteotomy,  

219f
posttraumatic, of talus, 1024–1026, 1025f
preoperative evaluation, 1007
staging, 1006
talar, and ankle osteoarthritis, 868
treatment of, 1006–1008

Avulsion fractures, 1987–1988
cuboid, 1993–1994, 1995f
cuneiform, 1995–1997, 1996f
nonoperative management, 1987–1988
operative management, 1988

Avulsion, nail plate, 562f

B
Bacterial infections, 1381–1383

Aeromonas hydrophilia, 1382
Borrelia burgdorferi, 1382–1383, 1382f
cellulitis, 630
Clostridium spp., 1382
folliculitis, 630
impetigo, 630
Neisseria gonorrhoeae, 1382
Pasteurella multocida, 1382
pitted keratolysis/erythrasma, 630
pseudomonal infections, of nail and skin, 631
Staphylococcus spp., 1381–1382, 1382t
Streptococcus spp., 1382

Ball-and-socket ankle joint, 14f
Basal cell carcinoma (BCC), 565–566, 636, 656
Basal metatarsal osteotomy, in treatment of plantar 

keratoses, 538–539, 539f
postoperative care, 539
surgical technique, 538–539, 540f

Bead pouch technique, 1795
Beau lines, 553b–554b, 555, 556f
Beighton criteria, for ligament laxity, 170, 170f

Below-knee amputation, 1415–1418, 1416f, 
1422, 1427–1429. See also Transtibial 
amputation

bone-bridging with, 1416–1418, 1417f
results, 1418
surgical elements of, 1416b
surgical technique, 1418

Benign fibrous histiocytoma, 646
Bilateral distal lower limb defects, 598
Biofeedback, complex regional pain syndrome, 779
Biofilms, infections, 1380, 1380f
Biologic response modifiers (BRMs), for 

rheumatoid arthritis, 808, 835, 837
and joint preserving forefoot surgery, 835–837

Biologics, for plantar fasciitis, 511
Biomechanics

ankle (tibiofibular) syndesmosis, 1481–1482
deltoid ligament complex, 1492–1493
gait. See Gait, biomechanics of
lateral ankle sprains, 1463–1464
medial ankle sprains, 1492–1493
tibiofibular syndesmosis, 1481–1482
total ankle replacement, 956–958

Bioocclusive wound dressing, 1794
Bioskin forefoot wrap (Cropper Medical), 367, 372f
Bipartite first cuneiform, 489–490, 491f, 492f
Bipartite navicular, 485–489, 1991–1992, 1993f
Bipolar osteochondral allograft ankle joint 

resurfacing, 893–894, 894t, 895f
Bisphosphonates, for complex regional pain 

syndrome, 780
Bizarre parosteal osteochondromatous proliferation 

(BPOP), 658–659
Blair tibiotalar fusion, 1975–1977, 1977f

modified technique, 1976–1977
postoperative care in, 1977

Blisters, 613–615
fracture, 615
friction, 613–615

Blue-gray nail, 555
Blue nail, 555
Blue nevi, 635
Body heat

conservation, 607, 610b
generation, 607, 610b

Bone block Achilles allograft, 1577, 1577f
Bone bridge techniques, transtibial amputation, 

1432
Bone development

in foot and ankle, 52, 52f
normal, 52, 52f
secondary, in sesamoids of foot, 52, 52f

Bone-forming tumors, 657–659
Bone grafting, 1736
Bone grafting osteolytic lesions, 972f
Bone infection(s), 1378–1380. See also 

Osteomyelitis
osteomyelitis, 1378–1380

Brodie abscess, 1378f
cortical erosion of cortical bone, 1379f
osteopenia, 1379f

Bone scans, of diabetic foot, 1340
Bone tumors, 644–645

benign, 641t, 656–666
aggressive, 661–663
bone forming, 657–659
cartilage forming, 659–661
cystic lesions, 663–665

principles, 656–657
tumor-like conditions, 658t, 665–666

biopsy(ies) of, 642–643
advantages and disadvantages of techniques, 

642–643, 643t
incisional, principles of, 643, 643b
types of, 644–645

clinical evaluation of, 640–641
computed tomographic imaging, 641
history, 640, 640t
magnetic resonance imaging, 641
nuclear imaging, 641
physical examination, 640, 640t
radiographic imaging, 640–641, 641t

imaging, staging of sarcomas, 642, 642t
malignant, 666–669

chondrosarcoma, 666, 667f
Ewing sarcoma, 667–668, 669f
metastatic carcinoma, 668
osteosarcoma, 667, 668f
principles, 666

radiation treatment and chemotherapy, 643–644
radiographic features of, 640, 641t
staging, 641–642, 642t
surgical treatment of, general principles,  

644–645, 644t
treatment, 668

Bony procedures, pes cavus, 1301–1305
arthrodesis, 1305
calcaneal osteotomies, 1302–1305

Dwyer calcaneal osteotomy, 1302–1303, 1302f, 
1303f

minimally invasive lateralizing, 1303–1305, 
1303b, 1304f

dorsiflexion osteotomy of the first ray,  
1301–1302, 1301f, 1302f

midtarsal osteotomies, 1305, 1305f, 1306f
Borrelia burgdorferi infection, 1382–1383,  

1382f
Bosworth technique, delayed repair of Achilles 

tendon rupture, 1570–1571, 1570f
Botox therapy, in cerebral palsy, 752
Botulinum toxin A (Botox), 618, 619f
Botulinum toxin type A injection, for plantar 

fasciitis, 512
Boutonniere deformity, traumatic, 318, 318f
Bovine collagen wrap (NeuroMend, Stryker), 

705–707
Bowen disease, 565

nail pathology in, 565
Boyd amputations, 1427–1428

prosthetic and biomechanical considerations, 
1428

surgical considerations, 1428
BPOP (bizarre parosteal osteochondromatous 

proliferation), 658–659
Bracing, total ankle replacement, 983, 984f
“Brain attack,”, 759–763
Brevis transfer, peroneus longus to, 1299–1300
Bridle procedure, for treatment of foot drop, 

764–765
postoperative care in, 765
surgical technique, 765

Brodén view, 60f
Brodie abscess, 1378, 1378f
Brown tumor, 666
B-type partial articular fracture, 1825f, 1827

Athletic soft tissue injury (Continued) Bone tumors (Continued)
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Bundin splint, for synovitis, or metatarsophalangeal 
instability, 702

Bunion(s), 152
in athletes, 1519–1520

conservative treatment, 1519–1520, 1519f
diagnosis, 1519
etiologic factors, 1519
related condition, 1520
surgical treatment of, 1520

causes, 152f
conservative treatment of, 188–190
juvenile, 184–186

juvenile hallux valgus deformity, 186, 186f
open physes, 184–186

prevalence of, 160–161
Bunionette deformity, 400

anatomic etiology of, 400
classification, 402b
clinical symptoms, 400
conservative treatment for, 122
conservative treatment of, 403, 403f, 404f
incidence of, 401–402
preferred methods of treatment, 431–432
radiography and diagnosis of, 401–403
surgical treatment of, 404–431

capital oblique osteotomy, 414–419, 416f, 417f
distal chevron osteotomy, 411, 412f
distal fifth metatarsal osteotomies, 410–419
distal oblique osteotomy, 413–414, 415f
distal transverse medializing osteotomy, 

410–411, 411f
fifth metatarsal head resection, 408–410, 408f, 

409f
lateral condylectomy, 404–408, 405f–406f, 407f
midshaft oblique osteotomy, 421–423, 423f
midshaft (diaphyseal) osteotomies, 420–425, 

422f
midshaft scarf osteotomy, 419–420, 420f, 421f
minimally invasive surgery, 430–431
preoperative evaluation in, 403–404
preoperative planning in, 404
proximal fifth metatarsal osteotomy, 425–430, 

428f
treatment algorithm for, 404f
type 1
radiography and diagnosis of, 402f
type 2
radiography and diagnosis of, 402f
type 3
radiography and diagnosis of, 403f

Bunion surgery
hallux varus deformity after

abductor hallucis technique, 285f
causes, 280f
chevron osteotomy, 280
classic, 279, 279f
clinical and radiographic views, 279f
complications, 287–299
congenital, 279f
extensor hallucis longus transfer, 282
medial joint capsule release, 284
metatarsal osteotomies, 282f
metatarsophalangeal joint reconstruction, 

284–285
proximal metatarsal osteotomy, 283f
proximal osteotomy, 280
reverse chevron osteotomy, 285, 285f
soft tissue factor, 280

surgical approach, 282–284
tendon transfer, 282–284, 284f
treatment, 281–282

soft tissue complications after
adherent scar, 277
delayed wound breakdown, 279
delayed wound healing, 276
infection, 275–276
paresthesias, hallux, 277–279
skin slough, 276–277, 277f

Bunnel tendon repair, modified, 1141, 1144f
Burn fasciotomy, 604, 606f
Burns, 596–606

4 tier “degree” of injury scale, 608
cast-related, 602–603, 603f
chemical, 604–605, 606f

treatment of, 604
classification of, 596, 597t
criteria for transfer to burn center, 596,  

597b
electrical, 603–604, 604b, 605f

bone and soft tissue changes in, 604, 604b
epidemiology of, 596, 597f
from heat, 628
malignant changes, 601, 603f
management, 596–598
radiation, 605
risk factors for, 596
thermal, treatment of, 598, 600f

compartment measurement, 597–598
contracture, 598–601
malignant scars, 601
wound closure, 622

Burow solution, 555b
Butler’s arthroplasty, for fifth toe contracture/

angulation, 1776, 1776f

C
Calcaneal bone graft, in cerebral palsy, 757
Calcaneal fat pad atrophy. See Central heel pain 

syndrome
Calcaneal fractures, 1893. See also Calcaneal stress 

fractures
anterior process fractures, 1922

treatment, 1922
arthroscopic treatment of, 1664
and dislocation, 1919–1921

mechanism of injury/pathoanatomy, 1919, 
1920f

evaluation, 1919–1920
treatment, 1920–1921

epidemiology of, 1894
extraarticular, 1922–1926
extraarticular body fractures, 1926, 1927f

mechanism of injury, 1926
treatment, 1926

intraarticular, 1896–1919
associated injuries, 1899
classification, 1901–1903

based on computed tomography, 1901–1903
based on plain radiography, 1901

computed tomography, 1900–1901, 1901f, 
1902f

displacement, 1897, 1898f
Essex-Lopresti technique for tongue-type 

fractures, 1908

evaluation of, 1897–1899
compartment syndrome, 1897–1898
fracture blisters, 1898
soft tissue injury, 1897–1898

extensile lateral approach for joint depression 
fractures, 1910–1916

definitive fixation, 1914f, 1915f
fragment mobilization, 1912, 1912f
general considerations/patient positioning, 

1910–1911
incision and approach, 1911–1912, 1911f
peroneal tendon assessment, 1915, 1915f
postoperative care, 1916
reduction of articular surface/ anterior 

process, 1912–1914, 1913f, 1914f
wound closure, 1915–1916

fragment terminology, 1896–1897
limited open reduction with sinus tarsi 

approach, 1916–1917
postoperative care, 1917
surgical technique, 1916–1917, 1917f

mechanism of injury, 1896–1897, 1897f
open, 1898–1899, 1899f
operative treatment, 1905–1919

closed reduction or percutaneous fixation, 
1907

extensile lateral approach, 1906, 1906f
less invasive approaches, 1906–1907
limited open reduction with the sinus tarsi 

approach, 1907–1908
open reduction and internal fixation, 1907
percutaneous reduction and fixation, 1907
preoperative planning, 1905–1906
primary arthrodesis for type IV fractures, 

1908–1910, 1910f
tongue-type fractures, 1908, 1909f

percutaneous modified Essex-Lopresti 
technique, 1917–1919

postoperative care, 1919, 1920f
surgical technique, 1917–1919, 1918f, 1919f

radiologic evaluation, 1899–1901, 1900f, 1901f
treatment options

historical review, 1903–1905
nonoperative, 1905
operative or nonoperative, 1905

medial process of tuberosity fractures, 1926, 1926f
treatment, 1926

pathoanatomy of, 1894–1896
postoperative complications in, 1926–1933, 1927f

ankle pain, 1933
calcaneal malunion, 1928–1930, 1928f

classification, 1928
correction of, 1928–1930, 1929f, 1930f, 

1931f, 1932f
complex regional pain syndrome, 1932–1933
heel pad pain and exostoses, 1933
neurologic problems, 1930–1932

cutaneous nerve injury, 1930–1932
nerve entrapment, 1932

perioneal tendon problems, 1930
tendinitis and stenosis, 1930
tendon dislocation, 1930

posttraumatic arthritis development, 
1927–1928

calcaneocuboid joint, 1928
wound complications, 1926–1927

treatment, 1927

Bunion surgery (Continued) Calcaneal fractures (Continued)
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sustentaculum tali fractures, 1922
transcalcaneal talonavicular dislocation, 

1921–1922
tuberosity (avulsion) fractures, 1924–1926, 1925f

evaluation, 1924
treatment of, 1924–1926

Calcaneal neuroma(s), 717
Calcaneal osteotomy(ies), 471, 1255–1258, 

1302–1305
in Charcot-Marie-Tooth disease, 736–745, 736f

surgical technique, 739
contraindications, 1256
Dwyer calcaneal osteotomy, 1302–1303, 1302f, 

1303f
postoperative care, 1303
results and complications, 1303
surgical technique, 1302–1303, 1302f

Evans, in cerebral palsy, 757, 759f
indications, 1256
minimally invasive lateralizing, 1303–1305, 

1303b, 1304f
postoperative care, 1304–1305
results and complications, 1305
surgical pearls for, 1303b
surgical technique, 1303–1304, 1304f

postoperative care, 1258
preoperative evaluation and planning, 1256–1258
results and complications, 1258, 1259f
slide osteotomy, in Charcot-Marie-Tooth disease, 

740f, 741
surgical technique, 1256–1258, 1257f
in valgus deformity in myelomeningocele, 

751–752
Calcaneal petechiae, 629
Calcaneal stress fractures, 508, 1611–1614

clinical presentation, 1612
diagnostics for, 508
imaging of, 1613, 1613f, 1614f
treatment of, 1614

Calcaneocavus deformity, in myelomeningocele, 
752

conservative treatment, 752
surgical treatment, 752

Calcaneocuboid arthrodesis, 1040–1041
postoperative care, 1041
surgical technique, 1040–1041

Calcaneocuboid joint. See also Midtarsal joint
arthrodesis of, 794
arthroscopy of, 1693

Calcaneofibular ligament, 1461–1462, 1854–1855, 
1855f

Calcaneonavicular coalition
congenital, 1767–1768

radiographic diagnosis, 1767, 1768f
surgical procedures, 1767, 1767f
surgical technique, 1767–1768
treatment, 1767

Calcaneus, 1894–1896. See also calcaneal entries
articular facets of, 1894–1895, 1894f
blood supply of, 1896
deformity of, in myelomeningocele, 748–751

conservative treatment, 748
stance instability in, 750f
surgical treatment, 748–751

anterior tibial tendon transfer, 761–762
dislocation of, 1919–1921. See also under 

Calcaneal fractures

fractures of, 1893. See also Calcaneal fractures; 
Calcaneal stress fractures

inferior surface anatomy of, 1895
lateral and axial views, 63f
lateral radiographic features of, 1895, 1896f
ligaments, tendons, and nerves surrounding, 

52, 52f
surface anatomy of, 31, 32f, 1894–1895, 1894f

Calcaneus accessorius, 483, 487f
Calcitonin, for complex regional pain syndrome, 

782
Calcium channel blockers, for complex regional 

pain syndrome, 781
Calcium pyrophosphate dihydrate deposition 

disease, 842–843
incidence of, 842
pathophysiology of, 842–843, 844f
treatment of, 843

Calf compression test. See Squeeze test
Callus(es), and corns, nonsurgical treatment of, 

121–122, 121f
“Canadian” prosthesis, Syme amputation, 

1429–1430
Canale view, of talar neck fracture, 1947, 1947f
Candida albicans, 632
Candidal onychomycosis, 570, 572

combined treatments of, 577
diagnosis of, 572
local treatment of, 577
systemic treatment of, 575–576
topical treatment of, 577

Candida spp. infection, 1383–1384
Cannabinoids, for complex regional pain syndrome, 

781
Cannulated Nitinol Hammertoe implant, 813–814, 

815f
Canopy toe taping, for secondary neuralgia, 

682–683
Capital oblique osteotomy (modified Weil), fifth 

metatarsophalangeal joint, 414–419, 416f, 
417f

postoperative care, 417
results and complications, 417

Capital oblique shortening osteotomy, first 
metatarsal osteotomy with, 1098, 1107f

Capsular interpositional arthroplasty, 1092,  
1097f

Capsular tissue, first metatarsophalangeal joint
lateral joint capsular tissue failure, 297
medial joint capsular tissue failure, 296, 297f
metatarsophalangeal joint arthrofibrosis, 297

Capsuloligamentous restraints, 2000
Carbolfuchsin, 276
Carbolic acid, 555b
Carbon-fiber ankle–foot orthosis, 1425f
Carr calcaneal fracture classification, 1896, 1897f
Cartilage-forming tumors, 659–661
CASPAR criteria, for psoriatic arthritis, 843–845, 

845b
Castellani paint, 555b
Casting

in patients with myelomeningocele, 746
for plantar fasciitis, 511

Cast-related burns, 602–603, 603f
Causalgia. See Complex regional pain syndrome, 

type II
Celecoxib, 137

Cellulitis, 276f, 630, 1373–1374, 1373f
in risk for MRSA infection, 1373–1374
treatment, 1373–1374

Center of rotation of angulation (CORA), 940–942, 
1313f, 1314–1315

Centers for Disease Control (CDC), 1333
Central heel pain syndrome, plantar heel pain 

associated with, 509
Central neuropathy, 1333–1334
Cerebral palsy, 752–759, 1291

equinovalgus deformity in, 756–758
conservative treatment, 756
Evans calcaneal osteotomy, 757, 759f
Miller procedure, 757–758
structural calcaneal bone graft, 757, 758f
surgical treatment, 756–758

equinovarus deformity in, 754–756
split posterior tibial tendon transfer, 755–756
surgical treatment, 754–756

equinus deformity in, 752–754
gastrocnemius aponeuroses surgical technique, 

753–754
surgical treatment, 753–754

hallux valgus in, 758–759
Cerebrovascular accident (stroke), 759–763, 760f

claw toes in, 763
conservative treatment, 761

lidocaine, 761
phenol block of tibial nerve, 761

equinovarus deformity in, 761–763, 763f
split anterior tibial tendon transfer, 761, 762f

motor assessment in, 760–761
sensory deficiencies in, 760
spastic flatfoot in, 763
triceps surae contracture in, 762–763

Cervical ligament, 1463, 1498
Chaput fracture, 1855
Chaput fragment, 1833–1835
Charcot arthropathy, 795, 796f
Charcot foot arthropathy

neuropathic, 1351–1353
clinical presentation, 1352
Eichenholtz’s Charcot foot arthropathy, 1352f
evaluation and treatment, 1352–1353, 1353f, 

1354f
pathophysiology, 1352, 1352f
plantigrade Charcot foot, 1353f

surgical treatment of, 1353–1363
exostectomy, 1353–1354, 1355f, 1357f
hindfoot deformity, 1358
midfoot deformity, 1354–1356, 1357f, 1359f, 

1360f
motor balancing, 1354
nonunion, 1358
static circular external fixation, 1359f
surgical stabilization of the Charcot foot, 

1358–1362, 1359f, 1360f, 1361f, 1362f
valgus Charcot foot deformity, 1357f, 1358f

Charcot foot deformity
classification of, 1353, 1356f
valgus, 1357f, 1358f

Charcot fracture-dislocation, transverse tarsal 
joints, 1043, 1043f

Charcot-Marie-Tooth disease, 736–745, 1288–1290
clinical presentation in, 736–737

sensory neuropathy, 737
Coleman block test in assessment of, 738
conservative treatment options in, 761

Calcaneal fractures (Continued) Calcaneus (Continued)
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denervation in, 1289
foot deformities in, 1289, 1290t, 1292, 1292f
genetic defects of, 1289
neurologic evaluation of patient with, 737
nomenclature for, 1289
physical evaluation in, 738
radiographic assessment in, 739
surgical treatment of, 739–745

calcaneal tuberosity osteotomy, 739
lesser toe correction, 743–744
metatarsal osteotomy, 740–741
modified Jones procedure, 743–744
peroneus longus tendon transfer, 741–742
plantar fascia release, 739
posterior tibial tendon transfer, 741–742
salvage procedures, 744

tendon transfers for muscle strength,  
1289–1290

type I HMSN, 736
type II HMSN, 736

Charcot neuroarthropathy, 1071–1072
Charcot Restraint Orthotic Walker (CROW), 118, 

1353, 1354f
Cheilectomy, for hallux rigidus, 1088–1091

arthroscopic, 1669–1670
in athletes, 1520
postoperative care, 1088–1089
results and complications, 1089–1091, 1090f, 

1091f, 1092f, 1093f, 1094f
surgical technique, 1088, 1089f

Chevron osteotomy
dorsiflexion, 290
reverse, hallux varus deformity correction, 285f

Chevron procedure. See Distal first metatarsal 
chevron osteotomy

Chicago boot, 1426
Chigger mites, 1388, 1389f
Chilblain, 612
Chondral and osteochondral lesion(s),  

1641–1644
imaging of, 86–87
loose bodies/ossicles, 1641–1644, 1642f
osteophytes, 1644–1646

Chondroblastoma, 660–661, 661f
Chondrocalcinosis, 842, 844f
Chondromyxoid fibroma (CMF), 661
Chondrosarcoma, 666, 667f
Chopart disarticulation, 1410–1412

pitfalls and complications, 1412
postoperative care, 1411–1412
surgical technique, 1411, 1412f

Chopart joint. See Midtarsal joint
Chopart procedure, 1427

bone excision, 1427f
prosthetic and biomechanical considerations, 

1427
surgical considerations, 1427, 1427f
weight-bearing radiograph of, 1427f

Chrisman-Snook procedure
modified

for chronic lateral ankle sprains, 1475, 1479
for subtalar ligament reconstruction,  

1503–1504, 1503f
postoperative care, 1503
results, 1503–1504

for subtalar ligament reconstruction, 1502,  
1502f

Chronic exertional compartment syndrome, 
1451–1456

clinical features of, 1452, 1452t
conservative treatment of, 1453–1454
development of, 1452f
diagnosis of, 1452–1453

neurologic examination, 1453
physical examination, 1452–1453
pressure measurements, 1453, 1453b
radiologic evaluation, 1453, 1453f

etiology, 1451–1452, 1452f
incidence of, 1452
surgical treatment of, 1454–1456

anterior compartment fasciotomy, 1454, 1454f
deep posterior compartment fasciotomy, 1454, 

1455f
lateral compartment fasciotomy, 1454, 1455f
posterior tibial fasciotomy, 1454–1456
postoperative care, 1456
results, 1456

Chronic leg pain, in athletes, 1451–1461
causes of

chronic exertional compartment syndrome, 
1451–1456

delayed-onset muscle soreness, 1461
gastrocnemius-soleus strain, 1458–1459
medial tibial stress syndrome, 1456–1457
nerve entrapment syndromes, 1459
popliteal artery entrapment, 1459–1461
tibial and fibular stress fractures, 1457–1458
venous disease, 1461

differential diagnosis, 1451, 1451t
incidence, 1451

Chronic superficial ulceration, 606
Chronic tophaceous gout, 842
Chronic ulceration, 1427f
Chronic wounds, debridement of, 1790–1794
Circulatory monitoring, after free tissue transfer, 

1812
Claw toe(s), 304–305, 305f, 339–340

associated with pes cavus, 1300
in cerebrovascular accident (stroke), 762–763
definition of, 303
etiology of, 311, 312f, 313f

rheumatoid arthritis, 801, 821–822
of hallux, interphalangeal joint arthrodesis, 

342–343, 343f
results and complications, 343–344, 344f
surgical treatment of

contracture release, 341–342, 342f
interphalangeal joint arthrodesis, 342–343, 

343f
PIP joint, 341, 342f
postoperative care, 343
preoperative planning, 340–341, 341f

Claw toe involvement, of lesser toes, 812–816, 814f
Clayton procedure, 816, 817f
Cleats, on athletic shoes, and sport injuries, 1450
Clinical question, scientific evidence-based 

medicine, 109–110
Closed fractures, 1787–1788

treated by open reduction and internal fixation, 
reconstructive options, 1813–1814

Closed osteoclasis, 814, 815f
Closing wedge osteotomies. See under 

Osteotomy(ies)
Closing-wedge translational osteotomy, 751
Clostridium spp. infection, 1382

Closure, arthrodesis, 1031–1036, 1059–1064
arthroscopic surgical technique, 1031
clinical outcomes, 1031–1033
complications, 1034–1036, 1034f, 1061–1064, 

1062f, 1063f, 1064f
grafting considerations, 1060–1061
hardware considerations, 1061
postoperative care, 1031, 1059
results, 1031–1034, 1059–1061
surgical considerations, 1061
surgical factors, 1033
surgical technique, 1059
swelling and fracture blister, 1059, 1060f

Clubbing, 552, 553b–554b
Club foot (talipes equinovarus), 1754–1762

anatomic pathology of, 1754–1755, 1754f
conservative treatment of, 1755–1758
etiology of, 1754
incidence, 1754
radiographic evaluation of, 1755, 1756f, 1756t

grading system for calcaneocuboid 
malalignment, 1755, 1757f

residual or uncorrected, in older children, 
1760–1762

surgical treatment of, 1758–1760
complications, 1760, 1761t
incision, 1758, 1759f
indications, 1758
optimal time, 1758
postoperative care, 1760
presurgical preparation, 1758
special considerations, 1760
technique, 1758–1760

Clubfoot residuals, 1291
Club nail, 568. See also Onychauxis
Coccidioides spp. infection, 1384, 1384f, 1385f
Cock-up deformity, of first metatarsophalangeal 

joint, 298–299, 299f
Cognitive-behavioral modification with guided 

imagery, 779
Colchicine, for gouty arthritis, 841
Cold-induced injuries, 606, 609f
Coleman block test, 38–39, 1294–1295

in assessment of Charcot-Marie-Tooth disease, 
738

Cole midfoot osteotomy, 1305, 1305f
Collateral ligaments

of hallux, 435, 437f
of lesser toes, 307–308, 308f

Collins Scale of articular cartilage wear, 864, 864t
Common digital nerve(s), 677, 678f

neurolysis, 686–688
schwannoma of, 680f

Compartments, of leg, 1451–1452, 1452f
Compartment syndrome

in calcaneal fractures, 1897–1898
chronic exertional, 1451–1456. See also Chronic 

exertional compartment syndrome
in Lisfranc joint injuries, 2014, 2016f, 2017f, 

2018f
Compensatory deformities, 1314, 1317f, 1317t. 

See also Foot deformities
Complex regional pain syndrome, 609–611, 621

after calcaneal fracture/surgical repair, 
1932–1933

altered sensations, 772, 772b
ambroxyl, 783
autonomic changes, 773

Charcot-Marie-Tooth disease (Continued)
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bedside sensory testing, 776, 776t
chemical destruction (alcohol, phenol) of nerve, 

784
chronic pain, 774
clinical presentation, 772–773
compounding pharmacies, 783
conservative treatment, 778–779

nonpharmacologic options, 778–779
pharmacologic agents, 779–783
physical therapy, 778

demographics, 775
diagnosis of

bone scan imaging, 99–101
imaging in, 99–101, 102f

diagnostic criteria, 772
diagnostic evaluation, 776–778
differential diagnosis, 775, 775b
electromyography, 778
fluorodeoxyglucose (FDG) positron emission 

tomography, 776
heat, cold and touch sensitivity, 776
history, 771
hospitalization with psychiatric support, 785
IASP categories, 772, 772t
invasive therapies, 783–784
isolated cold stress testing, 778
laser Doppler flowmetry, 778
in left foot, 775–776, 776f
lidoderm, 782
motor changes, 773
motor examination, 775–776
nerve conduction velocity, 778
nomenclature, 772
pain cream, 782
pain in, 772–773
pediatric vs. adult regimens, 784–785, 785t
peripheral nerve stimulation, 784
physical examination, 775–776
physiology, 773–774
in polysurgical patients, physical examination, 

621
positive bone scan, 776, 776f
prevalence, 775
psychiatric manifestations, 774–775
quantitative sensory testing, 778
sensory changes, 773
sensory examination, 775
sudomotor asymmetry (resting or evoked), 778
surgical treatment, 783f, 784
sympathetic blockade at the spinal level, 783
sympathetic nervous system, 776, 777t
topical treatments, 782–783
trophic changes, 773
type I, 710, 773–774
type II, 774

diagnostic criteria, 700
symptoms, 703

unilateral extremity, 772
Compression fractures, 1994–1995
Computed tomography, 65–79

avascular necrosis, 1006–1007
diabetic foot, 1340
dual-energy computed tomography (DECT), 

74–78, 78f
evaluation by, 72–79

ankle fractures, 76f
arthrodesis, 77f

calcaneal fractures, 76f
midfoot fractures, 76f
tarsal coalition, 77f
tumors, 77f

helical/spiral, 71–72
hindfoot arthritis, 1021
limitations of, 72
of Lisfranc joint injuries, 2005
multidetector, 65, 76f
pantalar arthritis, 1021
science of, 65–72
weight-bearing computed tomography (WBCT), 

78–79
Concentrated bone marrow aspiration (cBMA), 

1718, 1724, 1734
Conduits, for nerve reconstruction, 712
Congenital foot deformities, 1753

genetics of, 1754
specific

clubfoot (talipes), 1754–1762
flatfoot (pes planus), 1764–1773

flexible, 1764–1766
rigid, 1766–1773

metatarsus adductus, 1762–1764
toe abnormalities, 1773–1776

Congenital melanocytic nevi (CMN), 635
Congenital pes cavus, 1291
Congenital talonavicular fusion, 14f
Congenital vertical talus, 748

surgical technique, 748
vertical talus correction, 748

Conservative treatment, 113
ankle-foot orthoses, 116–118
appliances, 118
bunionette deformity, 403, 403f, 404f
chronic instability of deltoid ligament complex, 

1496
club foot (talipes), 1755–1758
fifth metatarsal stress fracture, 1602
first branch of lateral plantar nerve (FBLPN) 

compression, 512
flexible flatfoot, 1765
foot orthoses, 114–116
hallux valgus, 188–190
heel fat pad atrophy, 512
injections and adjuvant treatments, 119–120
intractable plantar keratoses, 524–525, 524f, 525f
intractable plantar keratosis, tibial sesamoid, 299
medial ankle sprains, 1495–1496
metatarsus adductus, 1763
navicular stress fracture, 1609–1610
plantar heel pain, 510–513
proximal plantar fasciitis, 510–512
rheumatoid arthritis, 512
sesamoid stress fractures, 1594
shoe orthotics, 123–124
sinus tarsi syndrome, 1504
in specific disorders. See also specific disorder

Achilles tendon ruputure, 1560–1562
acute lateral ankle sprain, 1469–1471
arthritic deformities, 120
bipartite and/or fractured sesamoid(s), 439
bunionettes, 122
calcaneal deformity, in myelomeningocele, 

748–751, 750f
calluses and corns, 121–122, 121f
cerebral palsy, 752–759

cerebrovascular accident (stroke), 759–763
Charcot-Marie-Tooth disease, 739–745
chronic exertional compartment syndrome, 

1453–1454
chronic lateral ankle instability, 1473
chronic leg pain in fibular stress fractures, 

1457–1458
chronic leg pain in tibial stress fractures, 

1457–1458
degenerative arthritis of hallux, 822–823, 

834–835
degenerative arthritis of midfoot, 798
hallux rigidus, 122, 816, 824
hallux valgus, 122
heel pain, 121
medial tibial stress syndrome, 1457
neuromas, 122, 122f
sesamoid disorders, 123
sesamoiditis, 456–457
symptomatic os trigonum, 471–472
symptomatic sesamoids, 439
tendon disorders, 120–121

talipes equinovarus, 746–748
toenail disorders, 582–591

Contact dermatitis
allergic, 634, 634f
irritant, 634
of toenail, 554–555

Continuous peripheral nerve block (CPNB), 
129–130

Continuous popliteal sciatic nerve block, 130
Contractures, 598–601, 602f
Controlled ankle motion (CAM) boot, 1298
Convex pes valgus, 748
CORA (center of rotation of angulation), 1313f, 

1314
Corns

interdigital, surgical treatment of, 391–392
lateral fifth toe, surgical treatment of, 391

Coronal (frontal) plane alignment, 1310, 1310f
measurement of, 1310, 1311f

Coronal plane deformities, 1311, 1312f
Coronal plane malalignment, total ankle 

replacement with, 950, 951t–952t
Coronavirus disease (COVID-19), 1393, 1393f
Cortical erosion, of cortical bone, 1378, 1379f
Corticosteroid injection

intraarticular, 792
contraindications to, 807–808
for hallux rigidus, 792

for neuralgia in interdigital neuroma, 683
for neuralgia in tarsal tunnel syndrome, 690
for plantar fasciitis, 511

Corticosteroids
for complex regional pain syndrome, 779–780
for rheumatoid arthritis, 798, 804–805, 807–808

Cosmetic foot surgery, 622–623
Cosmetic toe prosthesis, 1423, 1424f
Cost-benefit analysis, total ankle replacement,  

961
Cotton osteotomy, 797f, 1263–1266

contraindications, 1263–1264
indications, 1263
preoperative evaluation and planning, 1264–1265
surgical technique, 1264–1265, 1266f

Cotton test, for instability of distal tibiofibular joint, 
1482

Complex regional pain syndrome (Continued) Computed tomography (Continued) Conservative treatment (Continued)
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Coughlin modified metatarsal condylectomy, 526, 530f
Coughlin technique, soft tissue interpositional 

arthroplasty, 1096, 1102f
Coxsackie A16 enterovirus, 631
COX-2 specific NSAID, 137
Crane principle, 1813
C-reactive protein (CRP), 1340
Creative flaps, 1406
Crossover toe deformity, 345–346, 349f, 350f

progression of, 352, 353f
rupture of lateral collateral ligament of second 

MTP joint, 351f
Crucial angle of Gissane, of calcaneus, 1896, 1896f
Crush injury, 1997, 2038–2040, 2047f

mechanism of injury, 1997
nail, 560
treatment of, 1997, 1997f, 1998f

Cryptococcus neoformans infection, 1384
Crystal-induced arthropathies, 838–843

calcium pyrophosphate dihydrate deposition 
disease, 842–843

gouty arthropathy, 838–842
C sign, 1687–1688, 1687f
C-type complete articular fracture, 1825f, 1827
C-type pilon fracture, 1822

anterolateral approach, 1836f
anteromedial approach, 1841f
in diabetic patient, 1842f
with long metaphyseal extension, 1828f
open, 1832f
with severe metaphyseal comminution, 1829f–1830f

CUBED mnemonic, for malignant melanoma 
diagnosis, 654–656

Cuboid dislocations, 1997–1998
Cuboid fractures, 1992–1995, 1994f

avulsed, 1993–1994, 1995f
classification of, 1994t
compressed, 1994–1995
stress fractures, 1995

Cuneiform, bipartite first, 489–490, 491f, 492f
Cuneiform/cuboid osteotomies, for metatarsus 

adductus
postoperative care, 1764
surgical technique, 1764, 1764f

Cuneiform dislocations, 1997, 1999f
Cuneiform fractures, 1995–1997

avulsed, 1995–1997
mechanism of injury, 1995
treatment of, 1995, 1996f

crush injury, 1997
mechanism of injury, 1997
treatment of, 1997, 1997f, 1998f

Cuneocuboid dislocations, 1997–1998
Curly toe deformity, 303

association with mallet toe, 336
flexor tenotomy in treatment of, 304, 337f

Custom cosmetic prosthesis, 1423, 1424f
Custom fabricated diabetic shoe, 1339f
Custom foot orthoses, 114–116, 115f
Cutaneous larva migrans, 1386–1387, 1388f
Cuticle. See Eponychium
Cystic bone lesions, 663–665

D
Danis-Weber classification, of ankle fractures, 1856, 

1857f
Darier disease, 556–557, 559f

Database search, scientific evidence-based 
medicine, 110

Deafness, onychodystrophy, osteodystrophy, and 
mental retardation (DOOR) syndrome, 
558

Decompression/shortening osteotomies, 837
Deep infection, 1344
Deep peroneal nerve, 709, 714f, 2000
Deep peroneal nerve block, 131, 142f, 143t
Deep peroneal nerve entrapment, 721–726

etiology of, 723–725
evaluation of, 725

history, 725
imaging and nerve conduction studies, 682
physical examination, 725

nonsurgical treatment of, 725
surgical technique, 725–726

Deep peroneal nerve release, 725–726
postoperative care, 726
results of, 726
surgical technique, 725–726

Deep posterior tibiotalar ligament, 1492
Definitive fixation

Lisfranc joint injuries, 2010–2013, 2012f, 2013f
pilon fractures, 1833–1840

fixation strategy, 1839
overview, 1833–1835, 1834f, 1836f
patient positioning, 1835
postoperative care, 1839–1840
reduction tactic, 1839, 1840f
surgical approach

algorithm for choosing, 1835, 1837f
anterolateral approach, 1831f, 1837
anteromedial approach, 1835–1837, 1838f
posterolateral approach, 1831f, 1835
posteromedial approach, 1831f, 1837–1839

wound closure, 1839, 1841f
Deformity. See also specific deformity

center beam on, 1313, 1316f
correction, 1030
hindfoot, 1358
measurement, 1310–1313
midfoot, 1354–1356, 1357f, 1359f, 1360f
principles of evaluation and correction, 

1309–1315
proximal to ankle, 940–944, 940f, 941f, 942f, 943f

Deformity-correcting fusion
hindfoot arthritis, 1021
pantalar arthritis, 1021

Degenerative arthritis, 793–800. See also Ankle 
osteoarthritis

arthroscopic treatment of, 1654–1655
of hallux, 838. See also Hallux rigidus
of hindfoot, 793–795. See also under Hindfoot
history and physical examination, 791
of interphalangeal joint, 1124–1125

cheilectomy, metatarsophalangeal arthrodesis, 
1125, 1127f

conservative treatment, 1124, 1125f
radiograph of, 1124, 1126f

of interphalangeal joints, 834f, 838
of lesser toes, 1125, 1128f, 1129f

Freiberg infraction, 1128f
of midfoot, 795–800, 797f. See also under Midfoot
radiographic examination, 791, 792f
treatment, 791–793, 798–800

Degenerative bone cyst, 664–665
Degenerative joint disease, 790–793, 790f

Deland technique, 1277, 1277f
Delayed onset muscle soreness, and chronic leg 

pain in athletes, 1461
Delayed wound healing

infection and, 965–967, 966f, 967f
soft tissue complications after bunion surgery, 

276
Deltoid insufficiency, 1274–1278

contraindications, 1274
Deland technique, 1277, 1277f
Haddad technique, 1274–1277, 1275f–1276f, 

1277f
indications, 1274
Myerson technique, 1277–1278, 1278f
postoperative care, 1278
preoperative evaluation and planning, 1274–1278
results and complications, 1278, 1279f
surgical technique, 1274–1278

Deltoid ligament complex, 1492, 1493f, 1854–1855, 
1856f. See also Medial ankle sprains

biomechanics of, 1492–1493
chronic instability of, 1496–1497

conservative treatment, 1496
diagnosis, 1496
reconstructive treatment, 1496–1497, 1497f

in athletic population, 1496–1497
Deltoid ligament repair, 1875–1876
DeOrio technique, distal chevron osteotomy, fifth 

metatarsophalangeal joint, 414f
Deoxyribonucleic acid (DNA), 605
Dermabrasion, in scar tissue management, 1817
Dermal tumors, 646
Dermapure, 1799
Dermatitis, 632–634
Dermatobia hominis infections, 1386, 1388f
Dermatofibroma, 646
Dermatologic conditions

diagnosis of, lower extremity, 627–628
nodular, 628
papules, 628
plaques, 628

Desensitization, for complex regional pain 
syndrome, 778–779

Desmoid tumors, 646
Dextran, for frostbite, 611–612
Diabetes

lower extremity amputation rates, 1331, 1331f
metabolic control, 1331

Diabetes mellitus, 1330–1331
Diabetic foot, 1330

amputation, 1366
ankle-brachial index (ABI), 1340
ankle fractures in, treatment options,  

1878–1879
bone scans, 1340
comorbidities associated with, 1348–1351

peripheral neuropathy, 1348–1349
peripheral vascular disease, 1349–1350

computer assisted tomography, 1340
C-reactive protein, 1340
diabetic organ system disease, 1332f

angiopathy, 1332
central neuropathy, 1333–1334
immune deficiency, 1333
judgment deficits, 1333–1334
metabolic control, 1331
morbid obesity, 1333
pathophysiology of, 1331–1334
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peripheral neuropathy, 1331–1332, 1332f, 
1333f

structural changes, 1333, 1333f
diagnostic evaluation of, 1338–1342
Doppler arterial study, 1341f
erythrocyte sedimentation rate, 1340
labeled leukocyte scans, 1340
laboratory evaluation, 1340
morbidity, 1330–1331
neuropathic (Charcot foot) arthropathy, 

1351–1353
clinical presentation, 1352
Eichenholtz’s Charcot foot arthropathy, 1352f
evaluation and treatment, 1352–1353, 1353f, 

1354f
pathophysiology, 1352, 1352f
plantigrade Charcot foot, 1353f

physical examination of, 1338–1339
positron emission tomography (PET) fluoro-

deoxy-glucose, 1340
radiographic evaluation, 1339–1340
team approach for care of, 1334–1338

custom accommodative foot orthoses, 1339f
custom fabricated diabetic shoe, 1339f
inlay depth diabetic shoe, 1338f
patient education, 1335–1336, 1336b
preventive strategies, 1334, 1334f, 1335f
risk stratification, 1334–1335
rocker sole, 1339f
shoe, anatomy, 1338f
skin and nail care, 1337, 1337f
therapeutic footwear, 1337–1338, 1338f,  

1339f
ulceration

biomechanical model for the development of, 
1342

classification of, 1342–1344, 1343f
clinical presentation, 1342
deep infection, 1344
diabetic healing shoe, 1349f
and foot infection, 1331, 1342–1344
forefoot gangrene, 1344
fracture boot with pressure-dissipating insole, 

1349f
hindfoot (Chopart) amputation, 1351f
locations of, 1334f
offloading, 1347
percutaneous tendon Achilles lengthening, 

1347f
pre-ulcerative or post-healing, 1344
probe-to-bone test, 1342, 1342f, 1344
superficial ulcer, 1344
total-contact cast, 1348f
treatment of, 1344–1348
Wagner classification, 1342–1343
Wagner Grade 1, 1344, 1344f, 1347
Wagner Grade 2, 1344, 1344f, 1347
Wagner Grade 3, 1344, 1345f, 1347–1348
Wagner Grade 4, 1344, 1346f, 1348
Wagner Grade 5, 1344, 1348
Wagner Grade 0 foot, 1344–1347, 1346f
Wagner-Meggitt classification, 1342–1343, 

1343f
ultrasound doppler probe, 1340f
vascular evaluation, 1340, 1340f, 1341f
wound-healing potential, 1340–1342

Diabetic foot burn, 596, 598f

Diabetic organ system disease, 1332f
angiopathy, 1332
central neuropathy, 1333–1334
immune deficiency, 1333
judgment deficits, 1333–1334
metabolic control, 1331
morbid obesity, 1333
pathophysiology of, 1331–1334
peripheral neuropathy, 1331–1332, 1332f, 1333f
structural changes, 1333, 1333f

Diabetic shoe
custom fabricated, 1339f
healing, 1349f
inlay depth, 1338f

Diaphyseal oblique osteotomy, 423f
Diaphysectomy, of proximal phalanx, 325, 326f, 

327f
Diffuse idiopathic skeletal hyperostosis  

(DISH), 850
Diffuse intractable plantar keratoses, 525, 532f
Digital anesthetic block, 582–584

technique, 582–583, 583f
Digital Imaging and Communications in Medicine 

(DICOM), 1008
Digital nerves block, 132
Dimethylsulphoxide (DMSO), for complex regional 

pain syndrome, 780
Direct vessel monitoring, after free tissue transfer, 

1812, 1812f
Disarticulation

ankle, 1412–1415
Chopart disarticulation, 1410–1412

pitfalls and complications, 1412
postoperative care, 1411–1412
surgical technique, 1411, 1412f

Discrete intractable plantar keratoses, 526f,  
527f

Dislocation(s), 1854. See also specific joint(s)
in calcaneal fractures, 1919–1921
cuboid, 1997–1998
cuneiform, 1997
cuneocuboid, 1997–1998
of first metatarsophalangeal joint, 159, 160f, 

2022–2025
of fourth metatarsophalangeal joint, 

 345–346
of fifth metatarsophalangeal joint, 345
of interphalangeal joints, 2032–2035

classification, 2032, 2045f
clinical evaluation, 2032–2033, 2045f
mechanism of injury, 2032
treatment of, 2033–2035

of lesser toe joints, 344, 2025–2026
of metatarsophalangeal joints, 344, 2021–2026
midfoot and forefoot, 1986
navicular, 1992
open ankle fracture and, 1877–1878, 1884f
peroneal tendons

gradations, 1199, 1200t
grades of, 1199, 1200b

second metatarsophalangeal joint, 344
of sesamoids, 2038
syndesmosis, 1873–1875
of talonavicular joint, 1921
of talus

subtotal, 1957–1961
total, 1956–1957

transcalcaneal talonavicular, 1921–1922

Displacement, metatarsal head, 292–294, 293f
Distal fifth metatarsal chevron osteotomy, for 

bunionette
DeOrio technique, 414f
postoperative care, 411, 413f
results and complications, 413
surgical technique, 411, 412f

Distal fifth metatarsal chevron osteotomy, for 
bunionette, 411, 412f

Distal first metatarsal chevron osteotomy, 207–219
complications of, 215, 224f
contraindications to, 208
indications for, 208
postoperative care in, 212
recurrent hallux varus deformity, 300
results of, 212–215
surgical technique in, 209–212, 213f, 214f,  

215f
alternative, 151, 197f
joint reconstruction, 212, 220f, 221f
medial approach to metatarsal head, 209–212
osteotomy, 209–212

Distal first metatarsal closing wedge osteotomy, 
244–247

technique in, 244–245
Distal first metatarsal osteotomy (Mitchell, Bosch), 

219–224
Bosch technique (percutaneous osteotomy), 220
complications of, 223–224, 223f
indications for, 220
postoperative care in, 220
results of, 221–222
technique in, 220

approach and incision, 220–221
double osteotomy, 220
joint reconstruction, 220

Distally based island flaps, 598
Distal metatarsal articular angle, 70f, 173, 174f, 

178–180
measurement of, 179

Distal metatarsal metaphyseal osteotomy (DMMO), 
539–541, 544f

Distal metatarsal (Weil) osteotomy
capital oblique, for dislocated MTP joints, 

363–365
complications, 374–375, 374f, 375f
contraindications, 363
indications, 363
postoperative care, 365
postoperative taping, 368f
results of, 368f, 371, 373, 374f
surgical technique, 364–365, 366f, 367f,  

368f
tips for surgical technique, 367f

capital oblique, for fifth toe bunionette, 414–419, 
416f, 417f

postoperative care, 417
results and complications, 417, 417f,  

418f
for hallux rigidus, 829
for plantar keratosis, 531–534, 534f

results, 534
surgical technique, 532–534

Distal oblique metatarsal osteotomy
fifth metatarsophalangeal joint, 413–414

postoperative care, 414
results, 415f
surgical technique, 413–414

Diabetic foot (Continued)
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Distal soft tissue procedure (for hallux valgus)
complications, 202–203
contraindications, 195
indications, 195
long oblique osteotomy (Mau, Ludloff), 233, 236f
postoperative care in, 200–201, 201f

dressing, 200–201
foam toe separator use, 201, 201f
weight bearing radiography, 201, 201f

and proximal first metatarsal osteotomy, 228–242
complications, 240
contraindications, 230
crecentric osteotomy technique, 229–232, 

229f, 230f
deformity reconstruction, 233–242
incisions, 230–232, 231f
indications, 230
postoperative care, 235
results, 235, 238t, 239t

proximal oblique metatarsal osteotomy, 232–233
recurrent hallux varus deformity, 300
results of, 201–202, 202t
surgical technique, 195–200

first web space release, 195–200, 195f, 196f
alternative, 196

hallux alignment and closure procedure, 199, 
199f

intermetatarsal fixation, 200
medial aspect of MTP joint preparation, 

197–198
alternative capsular incision, 197f, 198

metatarsophalangeal joint reconstruction, 
198–200, 199f

necessity for osteotomy, 198–199, 199f
Distal subungual onychomycosis, 570–571,  

576f
Distal tendon transfer, 1221
Distal tibial deformity, 1310, 1317t. See also specific 

deformity
malalignment in, 1313b

Distal tibia malalignment
closing wedge, 902
coronal plane deformities, 902–903, 907f
deep retractors, 902
medial distal tibial angle, 902
medial periosteum, 902
medial plate, 902–903
open correction, 898–906, 904t–906t, 907f,  

908f
opening wedge, 902
partial osteochondral autograft transfer with 

joint distraction and supramalleolar 
osteotomy, 899

preoperative planning, 902
provisional pinning, 902
sagittal plane deformities, 903–906, 908f

Distal tibiofibular arthrodesis, 1882–1883
Distal tibiofibular syndesmosis. See Ankle 

(tibiofibular) syndesmosis
Distal toe and nail amputation, 1402

pitfalls and complications, 1402
postoperative care, 1402
surgical technique, 1402, 1402f

Distal transverse medializing osteotomy, 410–411, 
411f

postoperative care, 410
results and complications, 410
technique, 410–411

Distal transverse medializing osteotomy, with 
Steinmann pin fixation, for fifth toe 
bunionett, 410–411, 411f

postoperative care, 410
results and complications, 410–411
surgical technique, 410

Distal vertical first metatarsal osteotomy, hallux 
rigidus, 1098–1099, 1107f

Distraction
arthroplasty, 894, 894t, 896f–897f, 898t–899t, 

900f
subtalar arthrodesis, 1033–1034, 1033f

Distraction osteogenesis, in treatment of 
supramalleolar deformities, 1315–1317

DMAA (distal metatarsal articular angle), 70f
DMARDS (disease modifying antirheumatic 

drugs), 804–805, 847
DOOR syndrome, toenail pathology in, 558
Doppler arterial study, diabetic foot, 1341f
Doppler blood flow monitors, 1812, 1812f
Dorsalis pedis artery, 2000
Dorsal wedge osteotomy, for osteochondrosis of 

metatarsal head, 543, 544f
Dorsiflexion

ankle joint, 13
first metatarsal osteotomy, 288–290, 289f

Dorsiflexion-eversion test, 508–509
Dorsiflexion osteotomy, of first ray, 1301–1302, 

1301f, 1302f
postoperative care, 1301–1302
surgical technique, 1301

Dorsiflexion stress, 1081, 1084f
Double arthrodesis, 794–795, 1280

modified, 1044–1045
indications, 1044
position, 1044
postoperative care, 1045
results, 1045, 1046f
surgical technique, 1044–1045

Double (talonavicular and calcaneocuboid) 
arthrodesis, 1041–1044

indications, 1041, 1041f
position of, 1041
postoperative care, 1042
results, 1042–1043, 1042f
special considerations, 1043–1044, 1043f
surgical technique, 1041–1042

Double crush syndrome, 691–692, 1459
Drains, amputation, 1401
Dr. Scholl’s foot orthoses, 114
Dual-energy computed tomography (DECT), 

74–78, 78f
Duchenne muscular dystrophy, 759, 760f
Duoderm wound dressing, 1794
DuVries fifth toe realignment procedure, 383f

postoperative care in, 383, 383f
surgical technique, 382–383, 383f

DuVries metatarsal condylectomy, 525–526, 529f
for fifth toe exostosis, 391, 391f
for localized intractable plantar keratosis, 

314–319
surgical technique, 319–320

DuVries metatarsophalangeal joint arthroplasty
contraindications to, 303
in fixed hammer toe deformity reduction, 319

alternative fixation and joint preparation, 319, 
322f, 323f, 324f

surgical technique, 319, 320f, 321f

indications for, 303
in salvage of severe or recurrent deformities, 

376–377
postoperative care, 377
surgical technique, 376–377, 378f, 379f

Dwyer calcaneal osteotomy, with lateral and/or 
dorsal translation, 1302–1303, 1302f, 
1303f

in Charcot-Marie-Tooth disease, 739–740, 741f
postoperative care, 1303
results and complications, 1303
surgical technique, 1302–1303, 1302f

Dynamic arch creation, in standing examination, 
39, 40f

Dynamic hammer toe. See Flexible hammer toe 
deformity

Dynamic metatarsus adductus, 1760
Dynamic toe exercise strap, 367, 372f
Dyshidrotic eczema, 633
Dyskeratosis congenita, 557

E
Ecthyma, 555
Eczema, 632–634

management of, 634
of toenail, 554–555

Eczematoid dermatitis, infectious, 555
Effort thrombosis, 1461
Eichenholtz’s Charcot foot arthropathy, 1352f
Elastoplast (Johnson & Johnson), 690
Electrical burns, 603–604, 604b
Electromyography (EMG), 676
Ellis-Jones reconstruction, peroneal retinaculum, 

1205f
Elmslie procedure, for subtalar reconstruction,  

1502
Embryology, of foot, 1753
Emotional hyperhidrosis, 616

treatment of, 619
Enchondromas, 659–660, 660f
Endobutton fixation, 1487f, 1488–1489, 1489f
Endoscopic lumbar sympathectomy, 619
Endoscopic plantar fascia release, 513–514
Endoscopic treatment, of soft tissue conditions, 

1670–1676, 1670b
Achilles tendon repair, 1693–1694, 1694f,  

1695b
plantar fascia release, 1673–1675
tarsal tunnel release, 1675–1676
tendoscopy, 1670–1673

Achilles tendinosis and paratendinitis, 1681
flexor hallucis longus tendon, 1670–1671
peroneal tendons, 1671–1672
posterior tibial tendon, 1672–1673

End-stage ankle arthritis, 1655–1658
arthroscopic treatment, 1655–1657
discussion, 1657–1658
indications/contraindications, 1655
postoperative care, 1656, 1658f
preoperative evaluation and planning, 1655
results and complications, 1656–1657
surgical technique, 1655–1656, 1655f, 1657f, 

1658f
Enneking classification of surgical margins, 644, 

644t

DuVries metatarsophalangeal joint arthroplasty 
(Continued)
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Enneking staging system, of bone and soft tissue 
tumors, 644t, 645

Enthesitis-related arthritis, 838
Enthesopathy, 843, 845f, 850
Environmentally induced skin disorders, 628–629
Eosinophilic granuloma, 665–666
Epidermal inclusion cyst, 631–632
Epidermoid inclusion cyst, 665, 665f
Epidermolytic palmoplantar hyperkeratosis, 629
Epigard wound dressing, 1794
Epithelioma cuniculatum, 523
Eponychium, 551
Equinovalgus deformity, in cerebral palsy, 756–758

conservative treatment in, 756
surgical treatment of, 756–758

calcaneal bone graft, 758
Evans calcaneal osteotomy, 757
Miller procedure, 757–758, 760f

Equinovarus deformity
in cerebral palsy, 752–759

surgical treatment, 753
split posterior tibial tendon transfer,  

755–756, 755f
in cerebrovascular accident (stroke), 759–763, 

760f
split anterior tibial tendon transfer, 761–762

Equinus deformity. See also Posterior tibial tendon 
dysfunction

in cerebral palsy, 752–754
conservative treatment, 753
surgical treatment, 753–754

percutaneous heel cord lengthening, 754, 754f
recession of gastrocnemius aponeuroses, 

753
congenital, 752–754
and intractable plantar keratoses, 520
ring fixation correction of, 1325–1326

Erythema infectiosum, 631
Erythrasma, 555, 630, 1373, 1373f
Erythrocyte sedimentation rate, in diabetic foot, 

1340
Erythromelalgia, 775–776, 775f
Erythronychia, longitudinal, 582
Essex-Lopresti calcaneal fracture classification, 

1896, 1897f
Essex-Lopresti technique, for Sanders type IIC 

calcaneal fractures, 1908
Evans calcaneal osteotomy, 757, 758f
Evidence-based care

importance, 111
low-quality evidence, 111
rarity index, 111

Evidence-based medicine (EBM), 109
Ewing sarcoma, 101f, 667–668, 669f
Exanthems, 631
Excessive excision, metatarsal head, 293f
Excisional arthroplasty, for hallux rigidus, 833
Excisional arthroplasty, hallux rigidus, 1091–1092

postoperative care, 1092
surgical technique, 1092, 1096f

Exercises
for lesser toe deformities, 367, 372f
for posterior tibial tendon, 1246, 1247f

Exostectomy, 1353–1354, 1355f, 1357f
Extended posterior flap technique, 1432
Extensor digitorum brevis (EDB), 1156–1157
Extensor digitorum brevis transfer, 361–362, 364f

results of, 370–371

Extensor digitorum longus (EDL), 1153–1156, 
1155f

anatomy, 1155–1156, 1156f
anterior tibial tendon with, 1148f
division of, 1156f
laceration, 1155f
neutral dorsiflexion with compensatory, 1139f
physical examination, 1156
results, 1156
surgical treatment, 1156

Extensor digitorum muscle and tendon, of lesser 
toes, 306–307, 306f, 307f

Extensor hallucis brevis, 153
Extensor hallucis longus, 33, 37f, 1147–1153

anatomy, 1147–1149, 1150f
anterior tibial tendon with turn-down and, 1146f
delayed reconstruction of, 1151, 1153f
distal laceration of, 1151f
with gracilis tendon allograft, 1153f
history and physical examination, 1149–1151, 

1150f
laceration, 1152f

delayed repair of, 1153, 1154f
magnetic resonance imaging, 1149, 1150f
neutral dorsiflexion with compensatory, 1139f
peroneus tertius, 1153, 1154f
push-up test, 1150f
results and complications, 1151–1152
sites of, 1151b
surgical treatment, 1151, 1151f, 1152f, 1153f

Extensor hallucis longus (EHL) tendon transfer, 
1299, 1299f

postoperative care, 1299
Extensor hallucis longus transfer, hallux varus 

correction, 282
Extensor retinaculum, 1462–1463
Extensor tendons, 1136–1157

anterior tibial tendon, 1136–1147
anatomy, 1136–1138, 1136f, 1137f, 1138f
history and physical examination, 1138–1139, 

1138f, 1139f, 1140f
imaging, 1139–1140, 1140f
magnetic resonance imaging, 1139–1140, 

1140f
results and complications, 1147
surgical treatment, 1141–1147, 1142f, 1143f, 

1144f, 1145f, 1146f, 1148f, 1149f
treatment considerations, 1140–1141

extensor digitorum brevis, 1156–1157
extensor digitorum longus, 1153–1156, 1155f

anatomy, 1155–1156, 1156f
physical examination, 1156
results, 1156
surgical treatment, 1156

extensor hallucis longus, 1147–1153
anatomy, 1147–1149, 1150f
delayed reconstruction of, 1151, 1153f
history and physical examination, 1149–1151, 

1150f
laceration, delayed repair of, 1153, 1154f
magnetic resonance imaging, 1149,  

1150f
peroneus tertius, 1153, 1154f
results and complications, 1151–1152
sites of, 1151b
surgical treatment, 1151, 1151f, 1152f, 1153f

External rotation test, for ankle syndesmosis injury, 
1482, 1483f

Extracellular matrix cartilage allograft (EMCA), 1734
Extracorporeal shock wave therapy, 1457

for Achilles tendinitis, 1548
for plantar fasciitis, 512, 512f

Extracorporeal shock wave therapy (ESWT), 120
Extremity reconstruction, team approach to, 1786

F
Factitious disorder, 622
Failed tarsal tunnel release, 703–711

amputation in, 710–711
etiology of, 677
evaluation of, 681f, 682
nonsurgical treatment of, 684
peripheral nerve stimulation for, 708–711
revision neurolysis procedure, 704–708

and vein wrap, 705–708
spinal cord stimulation in, 710
surgical treatment of, 712–715

Farmer’s procedure, for correction of congenital 
hallux varus, 1774, 1774f

Fasciocutaneous flaps, 598, 1800–1802, 1801f
Fat necrosis, posttraumatic, imaging in, 103f
Febuxostat, 841
Felon, 1388–1389

debridement of, 1389
surgical technique, 1389

Fibrin glue, as aid in skin graft adherence, 1798, 
1799f

Fibrokeratomas, 561
Fibromas

and fibromatosis, 645
toenail pathology associated with, 561

Fibromyalgia, 853–854
conditions associated with, 854t
diagnosis of, 854, 854f, 854t
differential diagnosis of arthropathy, 853
treatment of, 854

Fibrous dysplasia, 666
Fibrous tumors, 646
Fibula

lengthening of, osteotomy technique(s), 1882, 
1887f, 1888f

stress fractures of
and chronic leg pain, 1457–1458

clinical features, 1457
conservative treatment, 1457–1458
diagnosis, 1457, 1458f
surgical treatment, 1458, 1458f

tissue transfer from, 1806–1807, 1808f, 1809f
Fibular fixation, 1827, 1829f–1830f, 1831f
Fibular fracture fixation

type A fractures, 1863
type B fractures, 1863–1866
type C fractures, 1866–1867

Fibular sesamoid excision, 458–460
dorsal approach and surgical technique, 459, 461f
plantar approach and surgical technique,  

459–460, 462f, 463f
postoperative results, 460–462, 464f

Fibular stress fractures, 1591–1593
clinical features of, 1592
etiology of, 1592–1593
incidence, 1591
radiographic findings, 1592, 1592f, 1593f
treatment of, 1593

Fifth disease, 631
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Fifth metatarsal base, 2018
Fifth metatarsal base fractures, 2018–2021, 2029f

stress fractures, 2020–2021
classification of, 2032t
treatment and results, 2020–2021, 2032f, 2033f

tuberosity avulsion in, 2018–2020, 2029f
treatment and results, 2019–2020, 2030f, 2031f

Fifth metatarsal head resection, 408–410
contraindications to, 408
indications for, 408
McKeever technique, 409f
postoperative care, 409
results and complications, 410
surgical technique, 409–410

Fifth metatarsal lateral condylectomy, 404–408, 
408f, 409f

contraindications to, 405
indications for, 405
postoperative care in, 406
results and complications of, 406, 407f
surgical technique in, 405–406, 405f–406f

Fifth metatarsal osteotomy(ies)
distal, 410–419

capital oblique osteotomy (modified Weil), 
414–419, 416f, 417f

chevron osteotomy, 411, 412f
DeOrio technique, 414f

contraindication, 410
indication, 410
oblique osteotomy, 413–414, 415f
transverse medializing osteotomy, with 

Steinmann pin fixation, 410–411, 411f
proximal, 425–430

contraindications, 425
indications, 425
postoperative care, 427
results and complications, 427
surgical technique, 427–428, 428f

Fifth metatarsal stress fractures, 1599–1606
anatomic and biomechanical features, 1600–1601
classification of, 1600, 1601f
conservative treatment of, 1602
definition, 1599–1600
diagnosis of, 1601–1602, 1602f
history, 1599–1600
incidence of, 1601
surgical treatment of, 1602–1606

limited open/percutaneous repair, 1602–1603, 
1603f, 1604f, 1605f

open revision, 1603–1606, 1605f
postoperative care, 1604–1605

Fifth metatarsophalangeal joint deformity. See also 
Bunionette deformity

anatomic causes of, 379–380
cock-up, 379, 382f, 385–388

Ruiz-Mora procedure for, 385–387
syndactylization for, 387–388

mild overlapping, 382–383
DuVries realignment procedure for, 382–383
results of, 384–385, 385f

nonsurgical treatment of, 382
physical examination of, 382
severe overlapping, 383–384

Lapidus procedure, 383–384
Wilson procedure, 383

subluxation/dislocation, 345, 349f
underlapping, 385

Thompson repair, 385

Fifth toe contracture/angulation, 1776, 1776f
Fifth toe corns, lateral

surgical treatment of, 391
postoperative care, 391
technique, 391, 391f, 392f

treatment algorithm, 391f
Fifty-one inch anteroposterior (AP) radiography, 

1312, 1315f
Fillet flap, 1405
First branch of lateral plantar nerve (FBLPN) 

compression, plantar heel pain associated 
with, 507

First cuneiform osteotomy, in hallux valgus
postoperative care in, 243–244
technique, 243

First metatarsal
length of, 176–177, 176f

and development of hallux valgus, 176–177, 
176f

medial eminence of, 157
size in hallux valgus, 174, 175f

open epiphysis at base of, 184–185
First metatarsal head

blood supply to, 154, 155f
medial eminence of, excision of, 197
shape of, 177
ulceration in diabetic foot, and surgical 

procedures, 179f, 194–203
First metatarsal lift, 169, 170f
First metatarsal osteotomy(ies)

distal, chevron procedure, 207–219
distal closing wedge, 244–247
distal, Mitchell/Bosch, 219–224
dorsal closing-wedge, 444, 448f
in hallux rigidus, 825
and proximal first metatarsal osteotomy, 228–242
scarf, 224–228

First metatarsal osteotomy, hallux rigidus,  
1097–1115, 1106f, 1108f

with capital oblique shortening osteotomy, 1098, 
1107f

distal vertical, 1098–1099, 1107f
Green-Watermann osteotomy, 1097–1098, 1104f, 

1105f
metatarsophalangeal joint arthrodesis, 

1101–1106
adapting dorsal plate, 1104, 1112f
fixation constructs, strength, 1101, 1110t
internal fixation for, 1110f
results and complications, 1101–1106, 1110f, 

1111f, 1112f
splay foot, treatment, 1103–1104, 1112f
surgical technique, 1101, 1109f
titanium locking plate, placement, 1101,  

1109f
metatarsophalangeal joint arthroplasty,  

1106–1115, 1113f
failed hemiimplant, 1107, 1113f
metal-polyethylene joint replacements,  

1108–1109, 1114f
silicone elastomer joint replacement,  

1109–1115, 1114f, 1115f, 1116f, 1117f, 
1118f

total hallux implant, 1108, 1114f
shortening osteotomy, 1098, 1106f
Watermann osteotomy, 1097–1098, 1104f

First metatarsocuneiform joint, 154, 157
in development of hallux valgus, 180–182

First metatarsophalangeal implant resection 
arthroplasty, 1116–1117

postoperative care, 1117
surgical technique, 1116–1117, 1119f

First metatarsophalangeal joint. See also hallux 
entries

anatomic shape of, 177
anatomy of, 152–154, 153f, 1512, 1514f, 1667, 

2021–2022, 2034f
arthrodesis of, 15, 823–834. See also First 

metatarsophalangeal joint arthrodesis
arthroplasty of, 834–835

in hallux rigidus, 816
arthroscopy of, 1666–1667, 1692–1693

conditions treated by, 1666b
indications/contraindications, 1667
portals, 1668, 1668f
postoperative management, 1669
results and complications, 1669
surgical technique, 1668–1669
systematic examination, 1669, 1669f
traction and instrumentation, 1667–1668, 

1667f, 1668b
athletic injury of, 1511–1519. See also Forefoot 

sprains; Turf toe
cock-up deformity, 298–299, 299f
congruency of, 173, 174f, 175f
degenerative arthritis of, 793–800. See also 

Hallux rigidus
in development of hallux valgus, 166–170
and digital nerve compression, 454
dislocation of, 157, 2022–2025

classification of, 2022–2023
type I, 2022, 2036f
type II, 2022–2023, 2037f, 2038f

clinical evaluation of, 2023–2024
treatment of, 2024–2025, 2039f

results, 2025
gouty arthropathy of, 840–841. See also under 

Gouty arthropathy
joint congruity, 177–178, 178f, 179f, 180f
osteochondral lesions of, arthroscopic treatment, 

1670
pain, 287
postoperative clawing of, Keller resection 

arthroplasty, 449–450, 450f
resection arthroplasty, 834–835
silicone elastic (Silastic) implant arthroplasty, 835
sprains of, 1511–1519, 1512t. See also Turf toe
stability of, 166–170, 167f
valgus deformity of, 156–160, 171. See also 

Hallux valgus
First metatarsophalangeal joint arthrodesis,  

251–258, 823–834
alternative fixation method, 825
dorsiflexion angle in, 832, 834f
gait analysis, 825
hallux alignment in, 824–825, 824f, 825f
in hallux rigidus, 823–834
in hallux valgus

complications of, 258
contraindications to, 251
indications for, 251
postoperative care in, 255
results of, 255, 257f, 258f, 259f
technique in, 252

alternative arthrodesis fixation method, 254
alternative joint preparation method, 254
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approach/incision, 252, 253f
arthrodesis fixation, 253–254
curved concentric surface preparation,  

252
interpositional graft technique, 832–834

postoperative care, 832
postoperative care in, 830
results and complications of, 832–834, 833f

degenerative arthritis, 838
surgical considerations

contraindications to surgery, 825
internal fixation methods, 825
joint surface preparation, 826–827

surgical technique, 829–830, 831f
First metatarsophalangeal joint implants,  

792–793
interpositional arthrodesis for failed, 835
resection arthroplasty for failed, 835
silicone elastic, 835

First metatarsophalangeal joint interpositional 
arthrodesis, 1117–1124

failed total toe implant, 1118, 1122f
postoperative care, 1118, 1122f
results and complications, 1118–1124, 1123f, 

1124f
surgical technique, 1117–1118, 1120f, 1121f

First ray. See Hallux
First-toe Jones procedure, 1298–1299

modified, in Charcot-Marie-Tooth disease, 743, 
745f

surgical technique, 1298–1299
Fish mouth flaps, 1403
Fitzpatrick sign, 646
Fixed contractures in adults, 599, 602f
Fixed hammer toe deformity, 314–319

alternative surgical treatment of, 325
diaphysectomy, 325
implants in lesser toes, 325
Kirschner wire fixation, 303, 333f
partial proximal phalangectomy, 325
second toe amputation, 325

preoperative considerations, 314–318, 317f
complex hammer toe deformity, 318
flexor tendon tightness, 303, 317f
metatarsophalangeal joint position, 303,  

317f
space for corrected toe, 303, 317f
traumatic boutonniere deformity, 318, 318f

recurrence of, after surgery, 303, 331f
shoe modifications for patients with, 318, 318f
surgical treatment of

complications, 326–329, 331f, 332f, 333f
contraindication, 303
DuVries arthroplasty, 319
intermedullary implants, 319–320
molding of adjacent toes, 332f

Flail toe, development of, 303
Flap(s), 1788–1789, 1800–1802

fasciocutaneous, 1800–1802, 1801f
for foot and ankle soft tissue coverage, 1792t
healed, 1405, 1406f
muscle, 1800, 1800t
soft tissue, 1400

Flat-cut (Mann) technique, 876–878
Flatfoot. See Pes planus
Fleck sign, 1507b, 2004, 2005f

Flexible deformity
calcaneal osteotomy, 1255–1258

contraindications, 1256
indications, 1256
postoperative care, 1258
preoperative evaluation and planning, 

1256–1258
results and complications, 1258, 1259f
surgical technique, 1256–1258, 1257f

deltoid insufficiency, treatment of, 1274–1278
contraindications, 1274
Deland technique, 1277, 1277f
Haddad technique, 1274–1277, 1275f–1276f, 

1277f
indications, 1274
Myerson technique, 1277–1278, 1278f
postoperative care, 1278
preoperative evaluation and planning, 

1274–1278
results and complications, 1278, 1279f
surgical technique, 1274–1278

flexor digitorum longus tendon transfer, 
1251–1255

contraindications, 1252
indications, 1251–1252, 1251f
preoperative evaluation, 1252
preoperative planning, 1252–1255
surgical technique, 1252–1255, 1253f, 1254f

lateral column lengthening, 1266–1271
naviculocuneiform arthrodesis, 1271–1274

indications and contraindications, 1272–1274
results, 1274
surgical technique, 1272–1273, 1273f

plantar-flexion opening-wedge (cotton) 
osteotomy of the medial cuneiform, 
1263–1266

contraindications, 1263–1264
indications, 1263
preoperative evaluation and planning, 

1264–1265
surgical technique, 1264–1265, 1266f

results and complications, 1255
spring ligament repair and reconstruction, 

1258–1263
contraindications, 1259–1260, 1261f
indications, 1259
preoperative planning, 1260–1262
results and complications, 1262–1263, 1263f, 

1264f, 1265f
surgical technique, 1260–1262, 1261f, 1262f

surgical treatments for, 1251–1278
Flexible flatfoot, congenital, 1764–1766

conservative treatment of, 1765
radiographic evaluation of, 1764–1765
surgical treatment of, 1765–1766

anterior calcaneal osteotomy, 1765–1766
additional considerations, 1766
postoperative care, 1766
technique, 1765–1766, 1766f

Flexible hammer toe deformity, 329–330
flexor tendon transfer in, 330–334

Kuwada surgical technique for, 333, 336f
postoperative care in, 333–334
technique, 330–333, 334f, 335f

preoperative planning in, 330
results and complications of surgery, 333f, 

334–336, 336f
in young patient, nonsurgical treatments, 303, 317f

Flexor digitorum brevis tendon rupture, after 
cortisone injection, 694, 716f

Flexor digitorum longus (FDL) rupture, 1157–1159
history and physical examination, 1157, 1157f, 

1158f
laceration, 1159f
reconstruction method, 1196f
surgical treatment, 1157–1159, 1159f

Flexor digitorum longus tendon, palpation of, 30
Flexor digitorum longus tendon transfer, 

1251–1255
contraindications, 1252
indications, 1251–1252, 1251f
preoperative evaluation, 1252
preoperative planning, 1252–1255
surgical technique, 1252–1255, 1253f, 1254f

Flexor hallucis brevis tendon, 435–437, 435f
Flexor hallucis longus, 1159, 1160f, 1161f

adhesions, after proximal phalangeal osteotomy, 
295

giant cell tumor of, 1163f
iatrogenic injury to, 1169f
injection technique, 1165f
laceration, 1169f
pigmented villinodular synovitis, 1165f
T2-weighted magnetic resonance images, 1165f

Flexor hallucis longus (FHL) rupture, 1168–1174, 
1168f, 1169f, 1170f

history and physical examination, 1169–1170
iatrogenic injury to, 1169f
magnetic resonance imaging, 1170, 1170f, 1171f
radiographic examination, 1170, 1170f, 1171f
results and complications, 1171–1174, 1172f, 

1173f
sites of, 1169b
surgical treatment, 1170–1171

Flexor hallucis longus tendon, 153, 1670–1671
palpation of, 30
tendoscopy of, 1670–1671

anatomy, 1670
indications/contraindications, 1670
preoperative evaluation and planning, 

1670–1671
surgical access by ankle, 1671, 1671f
surgical access by subtalar joint, 1671, 1671f

Flexor hallucis longus tendon graft
long graft technique in, 1574–1576, 1575f
postoperative care in, 1576–1577
results of, 1577
short graft technique in, 1576–1577, 1576f

Flexor hallucis longus tenosynovitis, 1159–1168, 
1160f, 1161f, 1162f, 1681–1686

conservative treatment, 1162–1164, 1165f
distal, tendinosis, 1161, 1164f
endoscopic treatment of, 1681–1682, 1682f, 

1682t
indications/contraindications, 1682
postoperative care, 1684
preoperative evaluation and planning, 1682, 

1683f
results and complications, 1684–1686, 1685t
surgical technique, 1682–1684, 1683f, 1684f

excision of os trigonum from lateral approach, 
1165–1166, 1166f

excision of os trigonum through a medial 
approach, 1166–1167, 1167f

giant cell tumor of, 1161, 1163f
history and physical examination, 1161–1162

First metatarsophalangeal joint arthrodesis 
(Continued)
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osteochondromatosis, 1161, 1163f
pigmented villinodular synovitis, 1161, 1165f
in professional dancer, 1161f
radiographic examination, 1162, 1165f
results, 1167–1168
surgical treatment, 1164–1167

Flexor tendons, 1157–1174
flexor digitorum longus rupture, 1157–1159

history and physical examination, 1157, 1157f, 
1158f

surgical treatment, 1157–1159, 1159f
flexor hallucis longus, 1159, 1160f
flexor hallucis longus rupture, 1168–1174, 1168f, 

1169f, 1170f
history and physical examination, 1169–1170
magnetic resonance imaging, 1170, 1170f, 

1171f
radiographic examination, 1170, 1170f, 1171f
results and complications, 1171–1174, 1172f, 

1173f
sites of, 1169b
surgical treatment, 1170–1171

flexor hallucis longus tenosynovitis, 1159–1168, 
1160f, 1161f, 1162f

conservative treatment, 1162–1164, 1165f
distal, tendinosis, 1161, 1164f
excision of os trigonum from lateral approach, 

1165–1166, 1166f
excision of os trigonum through a medial 

approach, 1166–1167, 1167f
giant cell tumor of, 1161, 1163f
history and physical examination, 1161–1162
osteochondromatosis, 1161, 1163f
pigmented villinodular synovitis, 1161, 1165f
in professional dancer, 1161f
radiographic examination, 1162, 1165f
results, 1167–1168
surgical treatment, 1164–1167

Flexor tendon transfer surgery, for flexible hammer 
toe, 330–334

Kuwada surgical technique for, 333, 336f
postoperative care in, 333–334
technique of, 330–333, 334f, 335f

Flexor tenotomy, in treatment of curly toe 
deformity, 304, 337f

Fluorescein skin imaging, 1783
Fluoroscopy-induced radiation dermatitis, 606, 608f
Folliculitis, 630
Foot. See also forefoot entries hindfoot entries 

midfoot entries
abscesses, deep spaces of, 1375, 1377f
amputation of. See under Amputation Foot 

salvage
arthritic conditions of, 790–793
gait biomechanics, 2–13

forefoot arthrodesis, 15
hindfoot alignment, 13–14
midfoot alignment, 14–15

growth and development of, 1753–1754
infections, 1372
necrotizing fasciitis of, 1374, 1374f
neural anatomy, 127–128
orthoses for, 114–116. See also Foot orthoses
osteochondral lesions of, 1740–1741, 1742f
ring external fixation in, 1309
sensory innervation, 127–128
wind-lass mechanism, 8

Foot and ankle offset (FAO), 1295, 1296f
Foot and ankle surgery, soft tissue complications in, 

1783, 1784f
elective surgical wounds, 1783
nutritional and physiologic evaluation, 1783, 

1783t
pressure wounds, 1783
soft tissue envelope, 1784–1786
traumatic wounds, 1783–1784, 1784f, 1785f

Foot deformities, 906, 909f
assessment of, 1312
in Charcot-Marie-Tooth disease, 1289, 1290t, 

1292, 1292f
classification of, 1326–1327
compensatory, 1314, 1317f, 1317t
congenital, 1753. See also Congenital foot 

deformities
correction of, 1314–1315, 1326

arthrodesis, 1326. See also Arthrodesis
osteotomies and locations, 1326–1327. See also 

Osteotomy(ies)
results and complications, 1327
ring fixation, 1326. See also Ring fixation

malalignment in, 1313b
in poliomyelitis, 1290

forefoot cavus, 1290
hindfoot cavus, 1290
other, 1290

posttraumatic cavovarus, 1291
radiographic assessment of, 53, 68f, 69f, 70f, 

1313–1314, 1316f. See also Radiographic 
evaluation

Foot disease, 631
Foot disorder

progressive collapsing
single and double arthrodesis, 1280
subtalar arthrodesis to, 1278–1280

Foot infection, diabetic foot ulceration and, 1331, 
1342–1344

biomechanical model for development of,  
1342

classification of, 1342–1344, 1343f
clinical presentation, 1342
deep infection, 1344
diabetic healing shoe, 1349f
forefoot gangrene, 1344
fracture boot with pressure-dissipating insole, 

1349f
hindfoot (Chopart) amputation, 1351f
locations of, 1334f
offloading, 1347
percutaneous tendon Achilles lengthening,  

1347f
pre-ulcerative or post-healing, 1344
probe-to-bone test, 1342, 1342f, 1344
superficial ulcer, 1344
total-contact cast, 1348f
treatment of, 1344–1348
Wagner classification, 1342–1343
Wagner Grade 1, 1344, 1344f, 1347
Wagner Grade 2, 1344, 1344f, 1347
Wagner Grade 3, 1344, 1345f, 1347–1348
Wagner Grade 4, 1344, 1346f, 1348
Wagner Grade 5, 1344, 1348
Wagner Grade 0 foot, 1344–1347,  

1346f
Foot odor, 616, 620

chain of events, 617f

Foot orthoses, 114–116, 791–792. See also 
Conservative treatment

custom accommodative, 1339f
custom foot orthoses, 114–116, 115f
goals of use, 114
hallux rigidus, 122
for hallux rigidus, 791–792
over-the-counter inserts, 115f
in phalangeal amputation, 1422–1423
for plantar fasciitis, 511
ray amputation, 1423–1425, 1424f
for sesamoid symptoms, 439
transmetatarsal amputation, 1425–1426

ankle-foot orthoses, 1425, 1425f
rocker bottom sole, 1426f

University of California Biomechanics, 116
Foot salvage, 1397–1398

indications for, 1397–1398
level of amputation, 1401–1402. See also Partial 

foot amputation
Foot tumors, 643–644
Footwear, therapeutic, 1337–1338, 1338f, 1339f. 

See also Shoe(s)
Force transmission, in prosthetic gait, 1436–1437

frontal plane mechanics, 1436, 1436f
late stance phase, 1437, 1438f
midstance, 1437, 1438f
sagittal plane mechanics, 1436–1437,  

1437f
Forefoot

anatomic considerations of, 1512, 1514f
deformities of. See also Hallux; Hallux rigidus; 

Hallux valgus; Lesser toe deformities
resulting from ill-fitting footwear, 113
in rheumatoid arthritis, 800, 801f
toe caps/toe pads/toe crests for, 118f

fractures and dislocations of, 1986
and hindfoot, evaluation of, 45, 45f, 46f
joint arthrodesis

first metatarsophalangeal, 823–834
gait biomechanics, 15
metatarsocuneiform, 248

ligament injuries of, 1511–1519. See also Forefoot 
sprains

rheumatoid, 800–802, 801f
pathophysiology of, 800–801, 801f
reconstruction of, 816–823
surgical treatment of

in advanced stage, 816
first metatarsophalangeal joint arthrodesis, 

816–823
first metatarsophalangeal joint arthroplasty, 

821–834
in hammer toe deformity, 812–816
lesser metatarsophalangeal joint 

arthroplasty, 816–823
lesser metatarsophalangeal joint 

synovectomy, 812
repeat, 823

sprains of, 1511–1519, 1512t. See also under 
Forefoot sprains

surface anatomy of, 36–37
hallux complex, 36, 36f
lesser metatarsals and toes, 37, 37f

surgical treatment of
in hammer toe deformity. See under Fixed 

hammer toe deformity
joint preserving surgery, 835–837, 837f

Flexor hallucis longus tenosynovitis (Continued)
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Forefoot and midfoot fractures
crush injury, 2038–2040, 2047f
metatarsal fractures. See Metatarsal fractures
phalangeal fractures, 2026–2032
sesamoid fractures, 2035–2038

Forefoot cavus, 1290
Forefoot gangrene, 1344
Forefoot/hindfoot offset (FHO), 1295
Forefoot principles, 15
Forefoot sprains

athletic, 86, 88f, 1511–1519
anatomy, 1512, 1514f
classification, 1511, 1512t, 1515–1516, 1516f
clinical evaluation, 1515, 1515f
conservative treatment, 1512t, 1516–1517, 

1517f
epidemiology, 1511
etiologic factors, 1512–1515, 1515f
historical perspective, 1511
mechanisms of injury, 1512, 1513f
radiologic evaluation, 1516, 1516f
severity, 1511–1512
surgical treatment, 1517–1519

postoperative care, 1517
results, 1517–1519
techniques, 1517, 1518f

imaging of, 86
Forefoot valgus, 45, 45f
Forefoot varus, 1238, 1238f
Foreign body(ies)

imaging, 103
injuries, 612–613
in plantar skin, 629–630
reactions, 612–613

Fourth metatarsophalangeal joint, subluxation/
dislocation of, 345–346, 349f

Fowler procedure, 816, 817f
Fracture(s). See also specific fracture

ankle, 1854
calcaneal, 1893
Chaput, 1855
cuboid, 1992–1995, 1994f
cuneiform, 1995–1997
fifth metatarsal base, 2018–2021, 2029f
of hallux, 2029–2030
Jones, 1599–1600
lateral process of talus, 1973–1974, 1973f
Maisonneuve, 1866
medial malleolus, 1867–1871
metatarsal, 2014–2021
midfoot and forefoot, 1986
navicular body, 1988–1991
navicular tuberosity, 1988, 1988f
pilon, 1821
posterior malleolus, 1871–1873
posterolateral tubercle of talus, 1970
snowboarder’s, 1464, 1465f
stress

of calcaneus, 1611–1614
categories, 1586–1587
clinical presentation, 1587
of cuboid, 1995
diagnosis of, 1587
distribution, 1587
of fibula, 1591–1593
of fifth metatarsal, 1599–1606, 2020–2021, 

2032t
imaging of, 1587–1588

incidence of, 1587
locations, 1587
medial malleolar, 1590–1591
of metatarsal, 2018, 2026f, 2027f, 2028f
metatarsal (excluding fifth), 1596–1599
of navicular, 1606–1611
risk factors, 1587
of sesamoids, 1593–1596
of tarsal navicular, 1991–1992
tibial and fibular, and chronic leg, pain in 

athletes, 1457–1458
tibial diaphyseal, 1588–1590
Tillaux, 1646–1647, 1648f
treatment of, 1588, 1588b

sustentaculum tali, 1922
talar body, 1961–1963
talar neck, 793, 1944–1956
total ankle replacement, 967–970, 968f, 969f, 970f
Wagstaffe, 1863–1864

Fracture blisters, 615
swelling and, 1059, 1060f
and timing of surgery, 615, 1862
treatment of, 615, 1898

Fractured sesamoids, 2035–2038
clinical evaluation, 2036–2038, 2046f
mechanism of injury, 2035–2036
nonoperative treatment, 2038
operative treatment, 2038

Fracture-related infection (FRI), 1846
Free flaps, 1800, 1802–1813

classification of, 1800t
failure and management, 1812, 1813f
for foot reconstruction, 1814
postoperative care, 1811
tissue selection for, 1805–1811

anterolateral thigh flap, 1809–1811, 1810f
fibula, 1806–1807, 1808f, 1809f
gracilis, 1806, 1807f
latissimus dorsi, 1805
medial femoral condyle flap, 1807
radial forearm flap, 1807, 1809f
rectus abdominis, 1805–1806, 1806f
scapular and parascapular flap, 1807–1809, 1810f

treatment of failure, 1812–1813
Free-radical scavengers, for complex regional pain 

syndrome, 780
Free tissue transfer, 1401

indications for, 1802–1804
osteomyelitis, 1804, 1804f
trauma and sepsis, 1802–1804

monitoring of, 1811–1812
circulation, 1812
clinical evaluation, 1812
direct vessel, 1812, 1812f
metabolic monitors, 1812

success of, 1812
timing of, 1804–1805

Free vascularized fibula, 1979
Freezing, 607–608
Freiberg infraction, 1125, 1128f. See also 

Osteochondrosis of metatarsal head
Fresh wounds, debridement of, 1790, 1793f, 1794f
Friedreich ataxia, 1290
Frostbite, 606–612, 609f

etiology of, 607f
incidence of, 606
pathophysiology of, 606

stages of, 608
superficial, 608
treatment of, 608, 612b

Frostnip, 608, 628
Full-thickness skin graft (FTSG), 1788, 1789f, 1790f

dressing application, 1799
surgical technique, 1798–1799

Fungal infections, 1383–1385
Candida spp., 1383–1384
Coccidioides spp., 1384, 1384f, 1385f
Cryptococcus neoformans, 1384
hypertrophic toe nails with, 1337, 1337f
mycetoma, 1384–1385, 1386f
onychomycosis, 1383, 1384f
tinea pedis, 1383, 1383f

G
Gabapentin, 141
Gait

assessment of, 47–48
biomechanics of

ankle arthrodesis, 13
ankle joint, 2–3
ankle joint ligaments, 15–16
first interval, 10–11
forefoot arthrodesis, 15
hindfoot alignment, 13–14
metatarsophalangeal joints, 5–6
midfoot alignment, 14–15
passive and active modulators, 7–10
second interval, 11–12
subtalar joint, 3–4
tendon transfers, 15
third interval, 12
transverse tarsal joint complex, 4–5

force transmission in prosthetic, 1436–1437
frontal plane mechanics, 1436, 1436f
late stance phase, 1437, 1438f
midstance, 1437, 1438f
sagittal plane mechanics, 1436–1437, 1437f

kinematics
bipedal locomotion, 16
horizontal limb rotation, 17–18, 18f
lateral body displacements, 17
vertical body displacements, 16–17

kinetics of
plantar pressure, 18–23
running, 24–25
walking, 23–24
whole body kinetics, 18–23

total ankle replacement, 958–959, 958t
Gait cycle, 1–2
Gallium-67 bone and white cell scan, 65
Ganglion, 649
Gasoline, 607
Gastrocnemius aponeurosis, recession of, 753

endoscopic, 1693
Strayer procedure, 515–516

postoperative protocol, 516
surgical technique, 515–516

Gastrocnemius-soleus complex, contracture 
assessment, 46–47, 171

Gastrocnemius-soleus strain, 1458–1459
clinical features of, 1459
definition of, 1458–1459
treatment of, 1459

Fracture(s) (Continued) Frostbite (Continued)
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Gene therapy, for rheumatoid arthritis, 808
Genodermatoses, 629–630

treatment, 630
Germinal matrix, 551
Giant cell tumor (GCT), 662–663, 664f
Giant cell tumor of tendon sheath (GCTTS), 645
Glasoe device, 166–167, 168f
Global arthritis, 894
Glomangiomas, 647
Glomus tumor, 647

surgical excision of, 562, 565f
toenail pathology associated with, 561–562

Glucocorticoids, for gouty arthritis, 841
Gout, 866
Gouty arthropathy, 838–842, 839f

diagnosis of, 840
history and epidemiology of, 838–839
pathophysiology of, 839–841, 839f
treatment, 841–842

Gouty infiltration, of peroneal tendons, 1178, 1179f
Gouty tophus (tophi), 842, 843f, 844f
Gracilis flap, 1806, 1807f
Grafting

bone, 1736. See also Sesamoid bone grafting
closure, arthrodesis, 1060–1061

Granuloma annulare, 645t, 646
Great toe. See Hallux
Great toe amputation

metatarsophalangeal disarticulation, 1403, 1404f
through proximal phalanx base, 1402–1404, 

1403f
Green-Watermann osteotomy, 1097–1098, 1104f, 

1105f
Growth and development, of foot, 1753–1754
Gunshot wound (GSW), 1785f
Guttate psoriasis, 634–635

H
Haddad technique, 1274–1277, 1275f–1276f, 1277f
Haglund deformity, 1545, 1679–1681

endoscopic treatment of, 1679–1681
indications/contraindications, 1679
postoperative care, 1680
preoperative evaluation and planning, 1679
results and complications, 1680–1681
surgical technique, 1680–1681, 1680f

surgical treatment of, 1551–1552
Achilles splitting approach, 1551–1552, 1553f
flexor hallucis longus tendon transfer, 1555
lateral approach, 1552, 1554f

postoperative care, 1552
postoperative care, 1555

Half-and-half nail, 555
Hallux. See also first metatarsophalangeal joint 

entries
amputation through proximal phalanx base, 

1402–1404, 1403f
anatomy of, 152–154

ligaments, 152–153, 153f
pathologic, 154–155. See also Hallux valgus
sesamoids, 153
tendons and muscles, 153

arthrodesis of. See First metatarsophalangeal 
joint arthrodesis

congenital malalignment of toenail, 558
degenerative arthritis of, 838. See also Hallux 

rigidus

and digital nerve compression, 454
distal toe and nail amputation, 1402

pitfalls and complications, 1402
postoperative care, 1402
surgical technique, 1402, 1402f

fractures of, 2026–2027, 2041f
nonoperative treatment of, 2029–2030
operative treatment of, 2030, 2043f

gouty arthropathy of, 840. See also under Gouty 
arthropathy

interphalangeal joint arthritis, 838
metatarsophalangeal sprains and dislocations, 

2022–2025
mobility of, measurement of, 166–170, 168f
nonsurgical treatment of deformities, 122
normal and abnormal positioning, observations 

in standing examination, 39, 40f
postoperative clawing of, Keller resection 

arthroplasty, 449–450, 450f
sesamoids of, 153, 435–462, 435f. See also 

Sesamoid(s)
nonsurgical treatment of deformities, 123

surface anatomy of, 36, 36f
valgus deformity of. See Hallux valgus

Hallux implant, total, 1108, 1114f
Hallux interphalangeal angle, 173, 173f
Hallux limitus, 1077
Hallux rigidus, 1077–1124

arthroscopic treatment of, 1669–1670
cheilectomy technique, 1670
indications/contraindications, 1670
postoperative care, 1670
preoperative evaluation and planning, 1670

in athletes, 1519–1520
cheilectomy, 1088–1091

postoperative care, 1088–1089
results and complications, 1089–1091, 1090f, 

1091f, 1092f, 1093f, 1094f
surgical technique, 1088, 1089f

chondrolysis patterns with, 1090f
clinical and radiographic, 816
clinical and radiographic classification of, 1085t
clinical findings of, 1081f
conservative treatment of, 122, 823–824, 1082–

1084, 1085f, 1086f, 1125f
definition of, 823, 1077
dorsiflexion stress, 1081, 1084f
etiology of, 1078–1080, 1079f, 1080f
excisional arthroplasty, 1091–1092

postoperative care, 1092
surgical technique, 1092, 1096f

first metatarsal osteotomy, 1097–1115, 1106f, 
1108f

with capital oblique shortening osteotomy, 
1098, 1107f

distal vertical, 1098–1099, 1107f
Green-Watermann osteotomy, 1097–1098, 

1104f, 1105f
metatarsophalangeal joint arthrodesis, 

1101–1106
metatarsophalangeal joint arthroplasty,  

1106–1115, 1113f
shortening osteotomy, 1098, 1106f
Watermann osteotomy, 1097–1098, 1104f

history of, 1080–1081
incidence of, 1077
juvenile, secondary to osteochondral defect, 791f

Keller procedure, 1092, 1094, 1096, 1119–1120
metatarsus primus elevatus, 1079, 1080f
orthoses for, 1086f
osteochondral defect treatment, 1091f
physical examination of, 1080–1081, 1081f
proximal phalangeal osteotomy, 1087–1088

postoperative care, 1087
results and complications, 1088
surgical technique, 1087, 1087f

radiographic evaluation of, 1078f, 1081–1082, 
1082f, 1083f, 1084f

salvage of joint replacement, 1115–1124
first metatarsophalangeal implant resection 

arthroplasty, 1116–1117
first metatarsophalangeal joint interpositional 

arthrodesis, 1117–1124
silicon implant, 1115–1116

signs and symptoms of, 1077–1078, 1078f
soft tissue interpositional arthroplasty, 

1092–1097
with acellular graft, 1094–1096, 1100f
alternative technique, 1093, 1098f
Coughlin technique, 1096, 1102f
with later metatarsophalangeal arthrodesis 

salvage, 1096, 1103f
with medial capsule tissue, 1094–1096, 1099f
postoperative care, 1093
results and complications, 1093–1096, 1099f, 

1100f, 1101f, 1102f, 1103f
surgical technique, 1092–1093, 1097f

surgical treatment, 1084–1097, 1086f, 1087f
cheilectomy, 1088, 1089f
excisional arthroplasty, 816, 1092, 1096f
proximal phalangeal osteotomy, 1087–1088, 

1087f
treatment option, 808

Hallux valgus, 152, 152f
age of onset, 161
anatomic evaluation of, 70f

subluxation of sesamoids, 435, 436f, 450–451, 
451f, 452f

subluxed/dislocated lesser toe joints, 345–346, 
350f, 351f

anatomy, 152–154
blood supply to first metatarsal head, 154

asymptomatic, in unshod population, 162
in athletes, 1519–1520
bilateral, 161–162
bunions, 160–161
in cerebral palsy, 754
classification of, 186–187, 187f
conservative treatment of, 122, 188–190
dynamics and progression of, 156–160

callus development, 159
end-stage deformity, 160f
intermetatarsal angle, 157
proximal phalanx deformity, 157, 158f
sesamoid destabilization, 159, 160f, 435, 437f, 

450–451
splayed forefoot, 160
subluxated metatarsophalangeal joint,  

156–160, 157f
tendon and muscle displacement, 159

etiology of, 162–163
Achilles contracture, 170–171
first ray mobility, 166
foot pronation, 165–166

Hallux (Continued) Hallux rigidus (Continued)

NOT FOR PRIN
TIN

G 

No o
the

r u
se

s w
ith

ou
t p

erm
iss

ion
. 

Cop
yri

gh
t ©

20
23

. E
lse

vie
r In

c. 
 

All r
igh

ts 
res

erv
ed

.



I21﻿Index﻿

footwear, 162, 162f
genetics, 163–164
ligament laxity, 170
miscellaneous factors, 171
occupation, 162–163
pes planus, 164–166
trauma, 163

gender, 161
history and physical evaluation in, standing 

examination, 39, 40f
incidence of, 162
juvenile bunions, 184–186

juvenile hallux valgus deformity, 186, 186f
open physes, 184–186

os intermetatarseum, 494–495, 495f
pathology of, 154–155, 156f
patient evaluation, 187–188

neurologic examination, 188, 189f
vascular evaluation, 188

radiographic measures, 171–175
angular measurements, 171–175
distal metatarsal articular angle, 173, 174f, 

178–180
first metatarsal length, 176–177
first metatarsocuneiform joint, 180–182
hallux interphalangeal angle, 173, 173f
hallux valgus angle (HVA), 172, 173f
hallux valgus interphalangeus, 175–176
intermetatarsal angle (IMA), 173, 173f
intermetatarsal facet, 182, 182f
joint congruity, 177–178
medial eminence size, 174–175
metatarsophalangeal joint congruency, 173
metatarsophalangeal joint shape, 177, 177f
metatarsus adductus, 183–184, 183f, 184f
metatarsus primus varus, 175, 176f
os intermetatarseum, 182
weight-bearing CT (WBCT), 184

in rheumatoid arthritis, 801–802, 801f, 803f, 816
surgical treatment procedures in, 194. See also 

Hallux valgus surgery
symptomatic, in unshod population, 162, 162f

Hallux valgus angle (HVA), 172, 173f
and hallux valgus interphalangeal angle, 176

Hallux valgus deformity, 836f
Hallux valgus interphalangeus, 157, 158f

and development of hallux valgus, 175–176
Hallux valgus surgery

arthrodesis, 193–194
bilateral vs. unilateral surgery, 190
complications of, 262

adherent scar, 277
arthrofibrosis of metatarsophalangeal joint, 297
avascular necrosis

after metatarsal head, 294, 294f
after proximal phalangeal osteotomy, 295

cock-up deformity, 298–299, 299f
delayed wound breakdown, 279
delayed wound healing, 276
dorsiflexion of first metatarsal osteotomy, 289f
flexor hallucis longus adhesions, 295
infection, 275–276
instability after Keller procedure, 301
intractable plantar keratosis, 299
lateral joint capsular tissue failure, 297
medial joint capsule release, hallux varus 

correction, 284

medial subluxation of sesamoids, 297–298, 
298f

metatarsal shaft shortening, 287–288, 288f
nonunion, first metatarsal, 291–292, 292f
paresthesias, hallux, 277–279
plantar-flexion deformity, first metatarsal 

osteotomy, 290, 291f
skin slough, 276–277, 277f
uncorrected sesamoids, 297

considerations in, 190
anesthesia and pain control, 190

decision making algorithms, 190–191
healing time, 190
in patients with mild deformity, 192
in patients with moderate deformity, 192
in patients with severe deformity, 193
postoperative physical therapy, 190
procedures in, 194

Akin procedure, 203–207. See also Akin 
procedure

algorithm for incongruent joint, 193f
arthrodesis procedures, 247–258
distal first metatarsal closing-wedge 

(Reverdin) osteotomy, 244–247
distal metatarsal osteotomy (chevron 

procedure), 207–219. See also Distal first 
metatarsal chevron osteotomy

distal metatarsal osteotomy (Mitchell, Bosch), 
219–224. See also Distal first metatarsal 
osteotomy (Mitchell, Bosch)

distal soft tissue procedure, 194–203. See also 
Distal soft tissue procedure

distal soft tissue procedure/proximal 
osteotomy, 228–242. See also Distal soft 
tissue procedure, and proximal first 
metatarsal osteotomy

Keller procedure, 258–262
long oblique osteotomy, 233
midshaft osteotomies, 224–228
multiple osteotomies, 242–247
proximal oblique metatarsal osteotomy, 

232–233
proximal osteotomies, 228–242
scarf osteotomy, 244–247. See also under Scarf 

osteotomy
procedures in

metatarsocuneiform arthrodesis/distal soft 
tissue procedure, 248

metatarsophalangeal joint arthrodesis, 
251–258

treatment algorithm
in patients with congruent 

metatarsophalangeal joint, 193
in patients with incongruent 

metatarsophalangeal joint, 191–193
Hallux varus

after chevron procedure, 218f
congenital, 1773–1774, 1773f

Farmer’s procedure for correction of, 1774, 
1774f

Kelikian procedure for correction of, 1774, 
1774f

postoperative care in, 206
Hallux varus deformity

bunion surgery
abductor hallucis technique, 285f
causes, 280f

chevron osteotomy, 280
classic hallux varus, 279, 279f
clinical and radiographic views, 279f
complications

capsular tissue, first metatarsophalangeal 
joint, 296–297

first metatarsophalangeal joint pain, 287
metatarsal head, 292–295
metatarsal shaft, 287–292
proximal phalanx, 295–296
sesamoids, 297–299

congenital hallux varus deformity, 279f
extensor hallucis longus transfer, 282
medial joint capsule release, 284
metatarsal osteotomies, 282f
metatarsophalangeal joint reconstruction, 

284–285
proximal metatarsal osteotomy, 283f
proximal osteotomy, 280
reverse chevron osteotomy, 285, 285f
soft tissue factor, 280
surgical approach, 282–284
surgical failure, 286–287

postoperative management and compliance, 
287

procedure selection, 287
tendon transfer, 282–284, 284f
treatment, 281–282

recurrent
Akin procedure, 300
chevron procedure, 300
distal soft tissue procedure, 300
Keller procedure, 301
preoperative conditions, 299–300
proximal metatarsal osteotomy, 300, 300f, 301f

severe, 301f
Hammer toe deformity, 122

etiology of, 310–311
neuromuscular disease, 303

fixed, 314–319
flexible, 329–330
of lesser toes, 304–305, 305f

complex, 303, 305f
definition of, 303
etiology of, rheumatoid arthritis, 812–816
preoperative evaluation, 314–318, 317f
treatment of, 314–319, 319f. See also Fixed 

hammer toe deformity; Flexible hammer 
toe deformity

Hammer toe involvement, of lesser toes, 812–816, 
814f

Hand disease, 631
Hapalonychia, 553b–554b
Harris-Beath view, 59f
Hawkins classification, of talar neck fractures, 1945, 

1945f
Hawkins sign, 1966, 1966f
Head fractures, metatarsal, 2017–2018, 2023f, 

2025f, 2026f
Heat transfer mechanisms, 607, 610b
Heel cord lengthening, percutaneous, 754,  

754f
Heel pad, 506, 507f, 1895

atrophy of, 506
conservative treatment, 512

elasticity of, 506
reconstruction of, 1814

Hallux valgus (Continued) Hallux valgus surgery (Continued) Hallux varus deformity (Continued)
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Heel pain. See also Plantar heel pain
after calcaneal fracture and surgical repair, 1933
ankle-foot orthoses for, 121

Heel position, in stance phase, 48
Heel spur(s), 505, 506f
Heifetz procedure, 584–586
Hemangioma, 646–647, 646f
Hemarthroses, of ankle, arthroscopic treatment, 

1632
indications/contraindications, 1632
preoperative evaluation/planning, 1632
results and complications, 1632, 1633f
surgery, 1632

Hematogenous osteomyelitis, cure rates of, 1339
Hemochromatosis, 866
Hemophilia, 866
Hemorrhages

splinter, in nail bed, 555, 556f
toenail, 553b–554b

Henoch-Schonlein purpura, 636
Hereditary cerebellar ataxias, 1290
Hereditary motor-sensory neuropathies, 736, 1289
Herpes simplex, 631
Herpes zoster or shingles, 631, 631f
Herpetic whitlow, 580
HHV-3 virus, 631
High-energy Lisfranc injuries, 2008–2010
Hindfoot

alignment of, 68f, 869, 869f
gait biomechanics, 13–14
radiographic view, 1310, 1311f

anatomy of, 1676–1678, 1677f, 1678f
arthroscopy and endoscopy of. See also Hindfoot 

arthrodesis
in prone position, 1676–1692

for Achilles tendinosis and paratendinitis, 
1681

for ankle arthrodesis, 1691
basic setup, 1676, 1676f, 1677f
flexor hallucis longus tenosynovitis, 

1681–1686
joint distraction, 1679, 1679f
for peroneal groove deepening, 1691–1692
portals, 1678–1679, 1678f
for posterior ankle impingement, 

1681–1686
for posterior arthroscopic subtalar 

arthrodesis, 1686–1691
for retrocalcaneal bursitis and Haglund 

deformity, 1679–1681
for talocalcaneal coalition excision,  

1691
degenerative arthritis of, 793–795

surgical treatment. See Hindfoot arthrodesis
lateral surface anatomy of, 29

ligaments, tendons, muscles, 29f
osteology, 29, 29f

medial surface anatomy of, 30–31
ligaments, tendons, muscles, 30
neurovascular structures, 30–31
osteology, 30

plantar surface anatomy, 34, 34f
posterior surface anatomy of, 31
rheumatoid arthritis in, 803–804, 804f,  

805f
Hindfoot alignment, 13–14, 14f, 15f
Hindfoot alignment angle (HAA), 1295–1296
Hindfoot (Chopart) amputation, 1351f

Hindfoot arthritis, 892, 1020
calcaneocuboid arthrodesis, 1040–1041

postoperative care, 1041
surgical technique, 1040–1041

clinical approach, 1021
closure, arthrodesis, 1031–1036, 1059–1064

arthroscopic surgical technique, 1031
clinical outcomes, 1031–1033
complications, 1034–1036, 1034f, 1061–1064, 

1062f, 1063f, 1064f
grafting considerations, 1060–1061
hardware considerations, 1061
postoperative care, 1031, 1059
results, 1031–1034, 1059–1061
surgical considerations, 1061
surgical factors, 1033
surgical technique, 1059
swelling and fracture blister, 1059, 1060f

computed tomography, 1021
deformity correction, 1030
double (talonavicular and calcaneocuboid) 

arthrodesis, 1041–1044
indications, 1041, 1041f
position of, 1041
postoperative care, 1042
results, 1042–1043, 1042f
special considerations, 1043–1044, 1043f
surgical technique, 1041–1042

history, 1021
imaging, 1021
internal fixation, 1030–1031

intramedullary nail, 1058–1059
plate and screws, 1059

joint preparation, arthrodesis, 1030
malunion, 1026
modified double (subtalar and talonavicular) 

arthrodesis, 1044–1045
indications, 1044
position, 1044
postoperative care, 1045
results, 1045, 1046f
surgical technique, 1044–1045

nonoperative management, 1021
bracing, 1021
injections, 1021
University of California Biomechanics 

Laboratory (UCBL) braces, 1021
pathogenesis, 1021
physical examination, 1021
posttraumatic avascular necrosis of talus,  

1024–1026, 1025f
prevalence, 1021
specific arthrodeses, 1026–1064
subtalar arthrodesis, 1026–1030, 1026t

arthroscopic, 1034
distraction, 1033–1034, 1033f
healing of, 1032f
indications, 1026–1027, 1027f
open surgical technique, 1027–1030, 

1028f–1029f
position of, 1027
posttraumatic, 1026
single screw, 1031f

subtalar nonunion under, 1024, 1025f
surgical considerations, 1021–1026

alignment, 1021–1022
complications, 1024–1026
deformity-correcting fusion, 1021

joint-preserving surgery, 1023
soft tissue considerations, 1023
surgical principles, 1023–1024, 1023b
surrounding joint arthritis, 1022–1023,  

1022f
talonavicular arthrodesis, 1036–1040

alignment of, 1036
complications, 1039–1040, 1039f
indications, 1036, 1037f
Mueller-Weiss disease, 1036, 1037f
nonunion, 1039–1040, 1039f
postoperative care, 1038
results, 1038–1039, 1038t
surgical technique, 1036–1038

tibiotalocalcaneal and pantalar arthrodesis, 
1053–1058

grafting considerations, 1054–1058
hardware considerations, 1053–1054, 1053f, 

1054t, 1055f, 1056t, 1057f, 1057t
indications, 1053
nonunion, 1061, 1062f
open surgical technique, lateral approach, 

1058–1059
outcomes after, 1060t
position of, 1053
using retrocalcaneal nail, 1053–1054, 1054t, 

1055f
triple arthrodesis, 1045–1053, 1047f

complications, 1051, 1052f
indications, 1045–1048, 1048f
position of, 1047f, 1048–1049
postoperative care, 1050
progressive ankle coronal plane deformity, 

1051, 1052f
results, 1050–1051, 1050t
revision for malalignment, 1051–1053
surgical approach, 1049–1050

Hindfoot arthrodesis, 793–795
specific. See also specific procedure

arthroscopic, in prone position, 1691, 1691f, 
1692f

calcaneocuboid, 794
double, 794–795
midtarsal, 803
subtalar, 793–794
talonavicular, 794
tarsometatarsal, 795
triple, 795

Hindfoot cavus, 1290–1292, 1291f
Hindfoot deformity, 1358
Hindfoot osteoarthritis, 793–795

surgical treatment of. See Hindfoot arthrodesis
Hindfoot varus, 1291–1292
HLA typing. See also Seronegative arthropathies

in patients with bilateral heel pain, 507
Hoffman procedure, 816, 817f
Homeostasis, 607
Home run screw, 2010–2011
Horizontal limb rotation, in gait kinematics,  

17–18
Human bites infections, 1390
Human immunodeficiency virus (HIV) 

infection, association with seronegative 
arthropathies, 850–851

Hutchinson sign, 553b–554b
Hyaluronic acid (HA) injections, 119
Hymenoptera, 628–629

Hindfoot arthritis (Continued)
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Hyperbaric oxygen
for complex regional pain syndrome, 779
before soft tissue reconstruction, 1795–1796

Hyperhidrosis Disease Severity Scale (HDSS), 616, 
618f, 618t

Hyperkeratosis, 553b–554b
Hyperkeratosis subungualis, 553b–554b
Hyperkeratotic disorders on plantar skin, 629–630
Hypermobility, 1447
Hypernychium. See Eponychium
Hyperparathyroidism, 666
Hypertrophic lichen planus, 633
Hypertrophic scars, 1815
Hypertrophic toe nails, with fungal infection, 1337, 

1337f
Hyperuricemia, prolonged, 839
Hypochondriac illness, 621
Hyponychium, 551
Hysteric conversion, 621

I
1-2 Intermetatarsal angle, 173, 173f
Ibuprofen (oral), 145t–146t
Idiopathic cavus foot, 1291
Iliac crest graft, 794, 799, 830f, 832
Ilizarov fixation, pilon fractures, 1841–1844
Illizarov method of gradual deformity correction, 

1362
Imaging, 50–52

clinical red flags for, 51, 51b
computed tomographic, 65–79. See also 

Computed tomography
effective, 51
guidance for, 104

in fluid aspiration, 106f
in needle placement, 105f
in substance injection, 105f

interventional, 104–105
magnetic resonance, 79–83. See also Magnetic 

resonance imaging
nuclear medicine, 57–65. See also Nuclear 

medicine imaging
radiation exposure and safety, 51–52, 51t
radiographic, 52–53. See also Radiographic 

evaluation
specific conditions, 83–104

articular cartilage repair, 87
chondral and osteochondral lesions, 86–87
impingement syndromes, 87–88
infections, 99
inflammatory arthropathy, 94–95
ligament injury, 83–86, 83f, 84f, 85f
miscellaneous conditions, 99–104
nerve conditions, 95–96
tendon injury, 88–94
tumors, 98–99

types of, and options, 51
ultrasound, 55–57. See also Ultrasonographic 

evaluation
Immune deficiency, in diabetic foot, 1333
Impetigo, 555, 630
Impingement syndrome(s)

imaging of, 87–88, 92f, 93f
soft tissue of ankle, 1634–1641
syndesmotic, 1637–1639

Impingement, total ankle replacement, 981–983, 
982f, 983f, 984f

Implant
design, 950, 950t
positioning, 953
survival, total ankle replacement, 948–954

arthritis, etiology of, 950
cemented vs. uncemented implantation, 948
concomitant procedures, 953–954, 955f, 956f
with coronal plane malalignment, 950, 

951t–952t
implant design, 950, 950t
implant positioning, 953
patient age, 948–950
postoperative alignment, 953, 954f
preoperative alignment, 950–953, 951t–952t
registry data and systematic review, 948, 949t

total ankle, design and procedure characteristics, 
923t

Implantable spinal electrodes, for dorsal column 
stimulation, 783

Infected intertrigo, 555
Infection(s), 1372

after bunion surgery, 275–276
deep infection, 276
superficial infection, 276, 276f

animal bites, 1390
ankle, 1372
of ankle, arthroscopic treatment, 1632–1633
bacterial, 1381–1383

Aeromonas hydrophilia, 1382
Borrelia burgdorferi, 1382–1383, 1382f
Clostridium species, 1382
Neisseria gonorrhoeae, 1382
Pasteurella multocida, 1382
Staphylococcus spp., 1381–1382, 1382t
Streptococcus spp., 1382

biofilms, 1380, 1380f
bone, 1378–1380
classification, 1372
as complication of nerve block, 136
coronavirus disease (COVID-19), 1393, 1393f
and delayed wound healing, 965–967, 966f, 967f
felon, 1388–1389

debridement of, 1389
surgical technique, 1389

foot, 1372
fungal, 1383–1385

Candida spp., 1383–1384
Coccidioides spp., 1384, 1384f, 1385f
Cryptococcus neoformans, 1384
mycetoma, 1384–1385, 1386f
onychomycosis, 1383, 1384f
tinea pedis, 1383, 1383f

human bites, 1390
imaging, 99, 102f
local antibiotics by implantable device,  

1380–1381, 1381f
mycobacteria, 1385–1386

atypical, 1385–1386
tuberculosis, 1385, 1387f

native joint, 1376–1377, 1377t
osteomyelitis, 1378–1380, 1378f, 1379f
parasitic, 1386–1388

chigger mites, 1388, 1389f
cutaneous larva migrans, 1386–1387, 1388f
Dermatobia hominis, 1386, 1388f

puncture wounds, 1389–1390, 1390f
skin layers affected by, 1372–1373, 1373f
soft tissue, 1372–1376, 1373f

abscesses, 1375, 1377f
cellulitis, 1373–1374, 1373f
erythrasma, 1373, 1373f
necrotizing fasciitis, 1374–1375, 1374f, 1374t, 

1375f, 1375t, 1376f, 1376t
surgical wounds, 1390–1393, 1391b, 1392f
toenail and nail bed, 582
total ankle replacement, 1377–1378, 1378t

Infectious eczematoid dermatitis, 555
Infectious skin conditions, papulosquamous, 631

onychomycosis, 632
paronychia, 637
tinea pedis, 632

Inferior extensor retinaculum (IER), 1462–1463, 
1498

Inflammatory arthritides, 1071
Inflammatory arthropathy, 800–838

association with seronegative arthropathies, 
850–851

imaging of, 94–95
psoriatic, 97f
synovitis, 97f

rheumatoid arthritis, 800
Ingrown toenail, 566–568, 573f. See also 

Onychocryptosis
treatment, 582

Injections
hyaluronic acid, 119
platelet-rich plasma, 119–120

Inlay depth diabetic shoe, 1338f
Inosculation, 1797
Insect sting or bite, 628–629
Insertional tendinitis, and treatment, 1189. See also 

Haglund deformity
In situ joint preparation, 878
Insoles and inserts, 114. See also Conservative 

treatment; Metatarsal pads/supports
for sesamoid symptom relief, 439
for treatment of bunionette, 403
for treatment of hallux rigidus, 808–809

Integra wound dressing (Integra), 1794
Intercuneiform arthrodesis, 1997
Interdigital corns, 391–392

algorithm for treatment of, 391–392, 392f
surgical treatment of, 391–392

postoperative care, 392
technique, 392, 393f

Interdigital neuroma, 42, 676–689
anatomic factors, 677–678

communicating nerve and accessory branches, 
677

mobility, 677–678
clinical presentation, 678–680
conservative treatment, 683–684

footwear, 683
webspace injections, 683–684

diagnosis of, 680–683
cortisone injection, 682–683
electrophysiologic testing, 682
imaging studies, 682
lidocaine, 682
lidocaine injection, 685
MRI, 682
physical examination, 681
ultrasound, 682
weight-bearing radiographs, 681–682

differential diagnosis of, 681, 682b

Infection(s) (Continued)
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dorsal surgical approach, 685–688
etiology of, 677–678
examples of, 711
extrinsic factors, 678
intermetatarsal bursa, 678
ischemic factors, 678
metatarsal fracture, 678
metatarsophalangeal joint deviation, 678
and neurolysis of common digital nerve and 

branches, 686–688
outcome and results, 687
surgical technique, 686–687

nonsurgical treatment of, 122, 684
pathophysiology, 677
plantar surgical approach, 688–689

longitudinal approach, 688–689, 689f,  
690f

transverse approach, 688
preoperative symptoms, 679–680, 679t
recurrent, 689–693
symptom complex of, 702
traumatic events, 678

Interdigital tinea pedis, 632
Intermedullary implant(s)

for fixed hammer toe deformity, 319–320
postoperative care, 320
results, 320–329

surgical technique, 319–320, 324f
Intermetatarsal angle, 173, 173f

space occupying mass in, 171, 172f
enlarged, and development of hallux valgus, 

180–182
Intermetatarsal facet, 182, 182f
Intermetatarsal interosseous ligaments, 2000
Intermetatarsal joint, 2000
Intermetatarsal neuroma endoscopy, 1693
Internal fixation, arthrodesis, 1030–1031

intramedullary nail, 1058–1059
plate and screws, 1059

Interossei, 2002
Interosseous talocalcaneal ligament, 1463
Interosseous tibiofibular ligament (ITFL),  

1480
Interphalangeal joint(s), 2032. See also Hallux; 

Lesser toe(s)
arthrodesis of

in claw toe deformities, 342–343, 343f
soft tissue procedures, pes cavus, 1298–1301

degenerative arthritis of, 834f, 838, 1124–1125
cheilectomy, metatarsophalangeal arthrodesis, 

1125, 1127f
conservative treatment, 1124, 1125f
radiograph of, 1124, 1126f

dislocation of, 2032–2035
classification, 2032, 2045f
clinical evaluation, 2032–2033, 2045f
mechanism of injury, 2032
treatment of, 2033–2035

Interpositional arthroplasty
in hallux rigidus surgery, 822
in osteochondrosis of metatarsal head, 543–545

Intersesamoid ligament, 2021–2022
Intersesamoid ridge, 435, 435f

erosion of, in sesamoid displacement, 435f, 450, 
451f

Intertarsal joint, 2000
Intertrigo, infected, 555

Intraarticluar deformity strategies, ankle arthritis, 
1325

Intractable nerve pain, amputation in, 728
Intractable plantar keratoses, 520

associated with scar tissue formation, 546–547
surgical excision, 546–547

conservative treatment of, 524–525, 524f, 525f
diagnosis, 522–523
differential diagnosis of

rare dermatologic lesions, 522–523
verruca v callus, 522

diffuse, 529–541, 532f
surgical treatment, 529–541

discrete, 522
surgical treatment, 527–529, 530f

etiology of
in cavus foot, 520, 521f
in equinus deformity of ankle, 520
in foot posture, 520
in metatarsophalangeal joint misalignment, 

521, 522f
in pes planus, 520, 521f
in rheumatoid arthritis, 521, 522f, 822
in valgus forefoot deformity, 520–521, 522f
in varus forefoot deformity, 520, 521f

localized, 525–527
physical examination of, 522
sesamoids and, 442–444
subhallux sesamoid and, 462, 541
surgical treatment of, 525

basal metatarsal osteotomy, 538–539, 539f
Coughlin modified metatarsal condylectomy, 

526, 530f
distal metatarsal osteotomy, 531–534, 532f, 

533f
DuVries metatarsal condylectomy, 525–526, 

529f
oblique metatarsal osteotomy, 534–538, 536f, 537f
rotational flap, 527
tibial sesamoid shaving, 528–529, 531f
vertical chevron osteotomy, 526–527, 530f

tibial sesamoid, 299
Intramedullary implants, 819
Intramedullary nail, 1058–1059
Intramuscular implantation, of interdigital 

neuroma, 685
Intraosseous ganglion, 664–665
Intraosseous lipoma, 664, 665f
Intravascular injection, accidental, of local 

anesthetic, 133–136
Intrepid Dynamic Exoskeletal Orthosis (IDEO), 

118, 1850
Inversion stress test

for ankle instability, 42
of calcaneus, in lateral ankle sprains, 1465

Ionotophoresis, 1246, 1247f
Iontophoresis, 618
Ipp-On implant (Integra), 303
Irritant contact dermatitis, 634
Ischemic toe, 375–376, 375f, 376f
Iselin disease, 496, 497f
Isolated talonavicular joint arthrodesis, 1038–1039, 

1038t

J
Jadassohn-Lewandowsky syndrome, 557
Japas V-shaped midfoot osteotomy, 1305, 1306f

Jogger’s foot, 718, 719f
Jogger’s toe, 562f
Joint angles, 1310
Joint biomechanics, gait

ankle joint, 2–3, 2f, 3f
metatarsophalangeal joints, 5–6, 6f
passive and active modulators

ankle ligaments, 9–10, 10f, 11f
anterior calf muscles, 9
plantar aponeurosis, 7–8, 8f, 9f
posterior calf muscles, 8–9

subtalar joint, 3–4, 4f
supple to rigid platform progression, 6–7, 7f, 8f
transverse tarsal joint complex, 4–5

Joint capsules, Lisfranc joint, 2000
Joint fluid analysis, 1377, 1377t
Joint infections, 1376–1377, 1377t

joint fluid analysis, 1377, 1377t
purulent material joint drainage, 1377
and septic arthritis, 1376–1377

Joint instability, 1447–1448
Joint line, 1310
Joint-preserving surgery

forefoot, 835–837
hindfoot arthritis, 1023
pantalar arthritis, 1023

Joint range of motion, in athletes, 1447, 1447f
Joint replacement

metal-polyethylene, 1108–1109, 1114f
salvage procedures of, 1115–1124

first metatarsophalangeal implant resection 
arthroplasty, 1116–1117

first metatarsophalangeal joint interpositional 
arthrodesis, 1117–1124

silicon implant, 1115–1116
silicone elastomer, 1109–1115, 1114f, 1115f, 

1116f, 1117f, 1118f
Jones fracture, 1599–1600. See also Fifth metatarsal 

stress fractures
Jones procedure, first-toe

modified, in Charcot-Marie-Tooth disease, 743, 745f
surgical technique, 1298–1299

Judgment deficits, in diabetic foot, 1333–1334
Juvenile hallux valgus deformity, 186, 186f
Juvenile idiopathic arthritis (JIA), 838
Juvenile plantar dermatosis, 633

K
Kager’s triangle, 1558, 1562f
Kaposi sarcoma, 636, 653t, 654
Kelikian procedure, for correction of congenital 

hallux varus, 1774, 1774f
Keller procedure, 1092, 1094, 1096, 1119–1120

recurrent hallux varus deformity, 301
Keller procedure (in hallux valgus), 260f, 822–823, 

834
complications of, 260–262, 834–835

cock-up deformity, 261f
hallux varus, 262f
intractable plantar keratoses, 262f
postoperative clawing of hallux, 449–450, 450f
recurrent hallux valgus, 262
short hallux, 263f
unstable hallux, 263f
valgus deformity, 262f

failed, 263f
and interpositional arthrodesis, 834

Interdigital neuroma (Continued)
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indications, 259
postoperative care, 260
results, 260
technique in

approach/incision, 259–260
bone resection, 259
metatarsophalangeal joint reconstruction, 260

Kellgren-Lawrence grade (KLG), 960, 960t
Keloids, 1815

treatment of, 1816
Keratoderma, 629
Keratoderma blennorrhagicum, 848
Keratosis palmoplantaris nummularis, 522–523, 

523f
Keratotic disorders. See Bunionette deformity; 

Lesser toe(s), keratoses of; Plantar 
keratoses

Kessler tendon repair, 1141, 1144f
Ketamine, for complex regional pain syndrome, 781
Ketorolac (IV), 145t–146t
Kidner procedure, for symptomatic accessory 

navicular, 469–470
results of, 470–471
surgical technique, 469–470, 470f

Kinematics
bipedal locomotion, 16
horizontal limb rotation, 17–18, 18f
lateral body displacements, 17
total ankle replacement, 956–958
vertical body displacements, 16–17

Kinetics
plantar pressure, 18–23
running, 24–25
total ankle replacement, 958–959, 958t
walking, 23–24
whole body kinetics, 18–23

Klaue device, 166–167, 168f
modified, 167–168, 168f

Knee arthritis, total ankle replacement, 940
Koebner phenomenon, 634
Koilonychia, 553b–554b, 581–582
Krackow tendon repair, 1141, 1144f
Kuwada surgical technique, for flexible hammer toe 

deformity, 333, 336f
results and complications, 334–336

L
Labeled leukocyte scans, in diabetic foot, 1340
Laboratory Risk Indicator for Necrotizing Fasciitis 

(LRINEC) scoring, 1374–1375, 1375t
Lange partial foot prosthesis, 1426, 1426f
Langerhans cell histiocytosis (LCH), 665–666
Lapidus procedure, 247–258, 383–384

complications, 251
contraindication, 248
indications, 247–248
postoperative care in, 248, 384
results, 251
surgical technique, 248, 249f, 250f, 383–384, 

385f, 386f
Lasting, definition of, 124, 124f
Lasts, for making shoes, 124, 124f
Lateral ankle instability, 1652–1653

arthroscopic treatment of, 1652–1653
indications/contraindications, 1652
postoperative care, 1653

preoperative evaluation/planning, 1652
surgical technique, 1652–1653, 1653f

chronic, conservative treatment, 1473
tendon transfers in, 1477–1478, 1478f

Lateral ankle sprains, 1461–1479
acute, 1469–1473

conservative treatment, 1469–1471, 1470f
surgical repair, 1471–1473, 1472f

complications, 1473
postoperative care, 1471–1473

anatomic structures involved in, 1461–1464, 
1462f, 1463f

biomechanics, 1463–1464
chronic injury/instability, 1473–1479, 1473b

conservative treatment, 1473
diagnosis, 1473
diagnostic arthroscopy, 1473–1474, 1474f
secondary repair or reconstruction, 1474–1475
surgical treatment, 1473–1479

complications, 1479
lateral ligament reconstruction with tendon 

transfer, 1477–1478, 1478f
modified Bronström-Gould procedure, 

1475–1477, 1475f, 1476f, 1477f
modified Chrisman-Snook procedure, 1479
postoperative care, 1478, 1478f
results, 1478–1479

classification of, 1468–1469, 1469b
diagnosis of, 1464–1468

anterior drawer test, 1464–1465, 1465f, 1466f
arthrographic examination, 1466–1468
inversion stress test of calcaneus, 1465
magnetic resonance imaging, 1466, 1468, 

1468f
peroneal or posterior tibial tendon 

involvement, 1465–1466
peroneal tenography, 1466
physical examination, 1464
ultrasonography, 1466

pathology of ligament injury in, 1464
prevention of, 1469
prognosis in, 1468
radiologic evaluation of, 1466–1468

anterior drawer test, 1466, 1467f
talar tilt, 1466, 1467f

surgical treatment of, 1469–1479
acute sprains, 1469–1473, 1470f, 1472f
chronic sprains and instability, 1473–1479, 

1473b, 1474f, 1475f, 1476f, 1477f, 1478f
Lateral body displacements, in gait kinematics, 17
Lateral collateral ligament complex, of ankle, 

1854–1855, 1856f
Lateral column interposition arthroplasty, midfoot 

arthritis, 1075
postoperative care, 1075
results, 1075
surgical technique, 1075

Lateral column lengthening, 1266–1271
contraindications, 1268
indications, 1268
preoperative evaluation, 1268–1271, 1268f, 1269f
results, 1271, 1271f
surgical technique, 1269–1271, 1269f, 1270f

Lateral condylectomy, 422f
fifth metatarsal, 404–408

contraindications to, 405
failed, 407f

indications for, 405
postoperative care in, 406
recurrence after, 407f
results and complications of, 406, 407f
surgical technique in, 405–406, 405f–406f

Lateral distal tibial angle (LDTA), 1310, 1310f, 1312f
Lateral joint capsular tissue failure, 297
Lateral ligament complex, of ankle, 1854–1855, 

1856f
Lateral ligament repair/reconstruction, 1300–1301
Lateral malleolar osteotomy, 1962, 1965f
Lateral malleolus, 1854
Lateral nail folds, 551
Lateral plantar nerve

calcaneal branches, 717–718
first branch of, 715–717
first branch release procedure, 715–717

postoperative care, 716
results, 716–717
surgical technique, 715–716

Lateral plantar nerve entrapment, 715–717
calcaneal branches, 717–718

evaluation, 717
management and results, 717

first branch, 715–717
diagnosis, 715
etiology, 715
incidence, 715
surgical treatment, 715–717
symptoms, 715

Lateral process fractures, of talus, 1973–1974, 1973f
anatomy, 1973
classification of, 1973–1974, 1974f
evaluation of, 1973

radiographic, 1973
incidence of, 1973
mechanism of injury in, 1973
treatment of, 1974, 1974f

outcomes, 1974
preferred method, 1974, 1974f

Lateral talocalcaneal ligament, 1463
Lateral tendon transfer, 1220–1221
Lateral weight bearing foot measurement, 69f
Latissimus dorsi flap, 1805, 1805f
Lauge-Hansen classification, of ankle fractures, 

1856, 1857f
LDTA (lateral distal tibial angle), 1310, 1310f, 1312f
Learning curve, in total ankle replacement, 933–935
Leeches, for postsurgical venous congestion, 1812, 

1813f
Leg pain. See Chronic leg pain
Length deformity, 1310, 1310f
Lentigo, 553b–554b
Lesser metatarsal(s), 37, 37f
Lesser metatarsal head(s)

multiple, ulcerations, surgical procedures, 195
ulceration beneath, surgical procedures, 179f

Lesser toe(s)
amputation of, 1404, 1404f, 1405f. See also under 

Lesser toe deformities
in severe rheumatoid arthritis, 823

arthroscopy of, 1666–1669
degenerative arthritis of, 1125, 1128f, 1129f

Freiberg infraction, 1128f
fractures of, 2027, 2042f

nonoperative treatment, 2030–2032, 2044f
operative treatment, 2032, 2044f, 2045f

Keller procedure (in hallux valgus) (Continued) Lateral ankle instability (Continued) Lateral condylectomy (Continued)
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keratoses of, 388–390, 389f
etiology, 388–389
nonsurgical treatment, 390
physical evaluation, 390
radiographic evaluation, 386
results and complications, 392–394, 393f, 394f
surgical treatment, 391

interdigital corns, 391–392
lateral fifth toe corns, 391

terminology, 389, 390f
metatarsophalangeal dislocations, 2025–2026
superficial, 37, 37f

Lesser toe deformities, 304–305
anatomy of, 306–309

extensor digitorum muscle and tendon,  
306–307, 306f, 307f

interosseous tendons, 307, 307f, 308f
plantar plate and collateral ligaments, 307–308, 

308f
etiology of, 309–311, 309f
evaluation of, 311–314, 313f
exercises for, 367, 372f
incidence and epidemiology of, 303, 306f
ischemic toe, 375–376, 375f, 376f
keratotic deformities, 388–390
nonsurgical treatment of, 121–122
pathophysiology of, 308–309, 309f
postoperative complications, 374, 374f
radiographic evaluation of, 314, 316f
salvage procedures for severe, 376–377

DuVries metatarsophalangeal joint 
arthroplasty, 376–377

partial proximal phalangectomy and 
syndactylization, 377

results and complications, 377, 379f, 380f, 
381f, 382f

severity of, 303
specific, and surgical treatment. See also Lesser 

toe metatarsophalangeal joints specific 
deformity

claw toe deformity, 339–340
curly toe deformity, 336
fifth toe deformities, 379
fixed hammer toe deformity, 314–319
flexible hammer toe deformity, 329–330
mallet toe deformity, 336

subluxation and dislocation, 344
capital oblique metatarsal (Weil) osteotomy, 

363–365
extensor digitorum brevis transfer, 361–362
phalangeal closing wedge osteotomy 

(Akinette), 362–363
plantar condylectomy, 362
plantar plate repair, 365–367
reefing of second MTP joint capsule, 361
soft tissue release, 359–361

Lesser toe metatarsophalangeal joints
arthroplasty of, 812, 813f

postoperative care, 814
results and complications, 814–816

arthroscopy of, 1670
degenerative arthritis of, 838
dislocation of, 2025–2026, 2040f

clinical evaluation, 2026
mechanisms of injury, 2026
results of treatment, 2026
treatment, 2026, 2040f, 2041f

synovectomy of, 812
postoperative care, 812
results and complications, 812

Leukonychia, 553b–554b, 582
Lichen planus, 633
Lidocaine, topical, for neuralgia in tarsal tunnel 

syndrome, 685
Ligament injuries, imaging of, 83–86

in acute lateral ligament tear, 83f
in ankle and transverse tarsal joint complex, 84
in ankle syndesmosis, 85f
in forefoot, 86
in ligament remodeling, 85f
in midfoot, 84–85

Ligament laxity, in development of hallux valgus, 
170, 170f

Ligaments, of Lisfranc joint, 2000, 2001f, 2002f
Limb axis malalignment, and ankle arthritis, 1309
Limb development, 1753–1754

embryologic, 1753
growth and, 1753–1754

Limb-length discrepancy (LLD), 1312, 1315f
Limited open reduction with sinus tarsi approach, 

1907–1908, 1916–1917
postoperative care, 1917
surgical technique, 1916–1917, 1917f

Limited tibial fixation, 1827–1830, 1832f
Lipoma, 647–648
Lisfranc (tarsometatarsal disarticulation), 1410, 

1411f
Lisfranc amputation, 1426–1427

prosthetic and biomechanical considerations, 
1426–1427

surgical considerations, 1426
Lisfranc joint complex

anatomy of, 1998–2002, 2000f
anterior tibial tendon, 2000–2002
dorsalis pedis artery and deep peroneal nerve, 

2000
intermetatarsal and intertarsal joints, 2000
interossei and plantar fascia, 2002
joint capsules, 2000
ligaments, 2000, 2001f, 2002f
peroneus longus tendon, 2000–2002
tarsometatarsal joint, 2000

normal radiographic relationships of, 2004b
Lisfranc joint injuries, 1998–2014

classification of, 2005, 2007f, 2008f
clinical evaluation, 2005–2006, 2008f
compartment syndrome in, 2014, 2016f, 2017f, 

2018f
computed tomography of, 2005
definitive fixation in, 2010–2013, 2012f, 2013f
deformity and, 2013–2014, 2015f, 2016f
history of, 1998
magnetic resonance imaging of, 2005, 2007f
mechanism of, 2002–2003, 2003f
positive diagnosis of, 2004–2005, 2005f
postsurgical care, 2013
posttraumatic arthritis in, 2013
radiographic evaluation of, 2003–2005, 2004f, 

2005f
stress and weight-bearing views, 2004–2005, 

2006f
surgical treatment of, 2010, 2012f

complications, 2013–2014
prognosis and outcomes, 2013–2014

treatment, 2006–2013, 2009f, 2010f, 2011f
vascular compromise in, 2014

Lisfranc ligament, 1505, 1507f
Lisfranc screw, 1510, 2010–2011
Load factor, in sport injuries, 1448
Lobulated capillary hemangioma, 636
Local anesthesia, for neuralgia of interdigital 

neuroma, 710
Local anesthetic systemic toxicity (LAST), 133–136
Longitudinal darkly pigmented band, 637
Longitudinal epiphyseal bracket, 1775
Longitudinal melanonychia, 637
Long oblique osteotomy (Mau, Ludloff), 233, 236f
Loose bodies/ossicles

in ankle, 1641–1644, 1642f
arthroscopic treatment, 1643–1644, 1643f
diagnostic evaluation, 1642–1643, 1642t, 1643f
etiology, 1641–1642
indications/contraindications for arthroscopy, 

1642
signs and symptoms, 1642

in subtalar joint, arthroscopic treatment, 
1662–1663

Low-energy Lisfranc injuries, 2007
Lower extremity dermatology

diagnosis, 627–628
eczema/dermatitis of, 634
psoriasis of, 635

Lower extremity stress fractures, 810
Lower limb prosthetics, 1421

partial foot, 1422–1428
Boyd and Pirogoff amputations, 1427–1428
Chopart procedure, 1427, 1427f
level of, 1422
Lisfranc amputation, 1426–1427
phalangeal amputation, 1422–1423, 1423f
ray amputation, 1423–1425, 1424f
transmetatarsal amputation, 1425–1426, 1425f, 

1426f
Syme (ankle disarticulation), 1428–1431,  

1428f
“Canadian” prosthesis, 1429–1430
expandable wall socket design, 1430f
gait, 1430–1431, 1431f, 1432f
medial opening prosthesis, 1430
prosthetic considerations, 1429–1430, 1429f, 

1430f
with shifted heel pad and ulceration, 1429f
silicone bladder prosthesis, 1430f
stovepipe prosthesis, 1429
surgical considerations, 1428–1429, 1428f, 

1429f
xeroradiograph, 1429f

transtibial amputation, 1431–1437
progression from healing to definitive 

prosthesis, 1434–1435
prosthetic and biomechanical considerations, 

1432–1434, 1434f, 1435f
surgical considerations, 1431–1432, 1433t, 

1434f
Lower motor neuron disorders, 735
Lumbar radicular pain, plantar heel pain associated 

with, 507
Lumbar sympathectomy, chemical or surgical,  

619
Lund and Browder chart, foot, 596, 597f
Lunula, 551

Lesser toe(s) (Continued) Lesser toe metatarsophalangeal joints (Continued) Lisfranc joint injuries (Continued)
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Lyme disease arthropathy, 851–853
diagnosis of, 853
etiology and clinical presentation of, 851–853, 

852f
treatment of, 853

Lymphangioma, 645, 645t

M
Macrodactyly, 1773, 1775–1776, 1775f
Madura foot. See Mycetoma
Magnetic resonance imaging (MRI), 79–83

anterior tibial tendon, 1139–1140, 1140f
arthrography using, 81
artifacts of, 83

bone marrow edema-like signal, 83
magic angle phenomenon, 83

avascular necrosis, 1006–1007
biochemical

delayed gadolinium enhanced MRI of 
cartilage, 82

T2 mapping, 82
T1 Rho mapping, 82

contraindications to, 82
evaluations using

acute lateral ligament tear, 83f
ligament remodeling, 85f
syndesmotic ligament complex injury, 84f

extensor hallucis longus, 1149, 1150f
flexor hallucis longus rupture, 1170, 1170f, 1171f
of Lisfranc joint injuries, 2005, 2007f
neurography, 81
peroneal tendon subluxation–dislocation, 1200, 

1201f
peroneus longus, 1174, 1175f
peroneus longus disruption, 1180, 1182f
in rheumatoid arthritis, 805
science of, 79–80
sequences of, 80–81

gradient recalled echo, 81
proton density weighted fast spin-echo, 81
short tau inversion recovery (STIR), 81
T1 weighted fast spin-echo, 80
T2 weighted fast spin-echo, 81

use of, 83
Maisonneuve fracture reduction/fixation, 1866, 1872f
Malignant melanoma, 565, 570f, 636, 636b,  

654–656, 655f
diagnosis of, 656
subungual, 565, 654–656
survival rate, 654–656
treatment of, 656

Malignant ulcers, 601, 603f
Malingering, 622
Mallet toe, 304–305, 305f, 336, 337f

definition of, 303
etiology of, 309–310
frequency of, among lesser toes, 303, 310f
preoperative planning, 336, 337f, 338f
results and complications, 339, 340b, 340f
surgical treatment of, 337–338, 338f, 339f

alternative technique, 338–339, 339f, 340f
postoperative care, 339

types of, 309–310, 311f
Malunion

hindfoot arthritis, 1026
pantalar arthritis, 1026
proximal phalangeal osteotomy, 295

Mann technique
with fibular onlay, 878
lateral plate technique, 879
multiple modifications, 879
open plating, 879–884
screw placement, 878
with in situ joint preparation, 878
using cannulated screws, 878
wedge graft, 879

March fractures, 2018
Marjolin ulcer, 601, 603f, 636
Matrixectomy, 582

chemical, 587–591
phenol matrixectomy, 590f
postoperative care, 587
results and complications, 587
surgical technique, 587–588

Matrix metalloproteinase-8 (MMP-8), 868
McKeever technique, fifth metatarsal head 

resection, 409f
Measles, 631
Mechanical axis, 1310
Mechanical axis deviation (MAD), 1310
Medial and middle column arthrodesis, 1073–1075

fixation techniques, 1074f
postoperative care, 1074
results, 1074–1075
surgical technique, 1073–1074

Medial ankle instability and deltoid tears, 
1653–1654

arthroscopic treatment, 1654
indications and preoperative planning, 1654
postoperative care, 1654
surgical technique, 1654

Medial ankle sprains, 1492–1496
anatomy, 1492
biomechanics, 1492–1493
classification of, 1494–1495, 1495b
conservative treatment of, 1495–1496
diagnosis, 1493–1494

clinical, 1493–1494
gravity stress radiographic, 1495f
magnetic resonance imaging, 1495f
radiologic, 1494, 1495f

surgical treatment, 1496
acute medial ankle sprain repair, 1496
postoperative care, 1496

Medial arch, anatomy and function of, 1231–1232
Medial capsule tissue, soft tissue interpositional 

arthroplasty with, 1094–1096, 1099f
Medial column exostectomy, 1073
Medial cuneiform osteotomy, 243–244
Medial eminence. See under First metatarsal
Medial epiphysiodesis, 751

in valgus deformity in myelomeningocele, 751
Medial femoral condyle (MFC) free flap, 1807
Medial joint capsule release, hallux varus 

correction, 284
Medial malleolus

radiographic assessment of, 61f
stress fracture of, 1590–1591

clinical features, 1590
radiography, 1590–1591, 1591f
treatment, 1591

surgical, 1591, 1592f
Medial malleolus fracture fixation, 1867–1871
Medial mal tension band, 1876f
Medial opening prosthesis, Syme amputation, 1430

Medial plantar nerve, 718–719, 719f
Medial plantar nerve entrapment, 718–719

clinical symptoms of, 719
diagnosis of, 719
etiology of, 718–719
incidence of, 718

Medial plantar nerve neuroma, 694f
Medial proximal tibial angle, 940
Medial shear, 24
Medial tibial stress syndrome, 1456–1457

clinical features of, 1456
conservative treatment of, 1457
diagnostic imaging in, 1456–1457, 1456f
etiology, 1456
surgical treatment of, 1457

Medicare Therapeutic Shoe Bill of 1993, 1338
Mees lines, 553b–554b, 555
Melanoma

of foot and subungual region, 636
malignant, 636, 636b

Melanonychia, 553b–554b
Melanotic whitlow, 565
Membrane- or scaffold-based techniques, 1735
Meshing skin graft, 1798, 1798f
Messenger ribonucleic acid (mRNA), for neutrophil 

collagenase, 868
Metabolic control, of diabetic foot, 1331
Metabolic deposition lesions, 652–653
Metabolic monitoring, after free tissue transfer, 

1812
Metal-polyethylene joint replacements, 1108–1109, 

1114f
Metastatic carcinoma, 668
Metatarsal bar, for secondary neuralgia, 683
Metatarsal fractures, 2014–2021

base fractures, 2015–2016
fifth metatarsal base fractures, 2018–2021, 2029f

stress fractures, 2020–2021
classification of, 2032t
treatment and results, 2020–2021, 2032f, 

2033f
tuberosity avulsion, 2018–2020, 2029f

treatment and results, 2019–2020, 2030f, 
2031f

head fractures, 2017–2018, 2023f, 2025f, 2026f
mechanism of injury in, 2015
neck fractures, 2017, 2021f, 2022f
shaft fractures, 2016–2017, 2019f

bridge plate fixation, 2020f
radiograph, 2020f

stress fractures, 2018, 2026f, 2027f, 2028f
Metatarsalgia, after lesser toe realignment, 344, 344f

treatment algorithm for, 344f
Metatarsal head

complications
avascular necrosis, 294, 294f
displacement, 292–294, 293f
excessive excision, 292, 293f
metatarsophalangeal joint violation, 295

osteochondrosis of, 541–546
diagnosis, 542
dorsal closing wedge metatarsal osteotomy 

(DCWMO), 543, 544f
interpositional arthroplasty, 545–546
osteochondral autograft transfer (OAT), 

543–545
proliferative bone excision, 542–543

postoperative care, 543
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results, 543
surgical technique, 542–543

treatment decisions, 542
Metatarsal length, measurement methods, 536f
Metatarsal medial cuneiform angle (MMCA), 169
Metatarsal osteotomy(ies), 15

closing wedge, in Charcot-Marie-Tooth disease, 
745

complications
dorsiflexion, 288–290
excessive valgus, first metatarsal, 290–291, 291f
nonunion, 291–292
plantar-flexion deformity, 290, 291f
shortening, 287–288, 288f

for diffuse intractable plantar keratoses
basal, 538–539
distal, 531–534
oblique, 534–538
other, 539–541

distal fifth, for bunionette deformities, 410–419
capital oblique osteotomy (modified Weil), 

414–419, 416f, 417f
chevron osteotomy, 411, 412f

DeOrio technique, 414f
contraindication, 410
indication, 410
oblique osteotomy, 413–414, 415f
transverse medializing osteotomy, with 

Steinmann pin fixation, 410–411, 411f
multiple, for metatarsus adductus, 1763–1764

complications, 1764
postoperative care, 1764
surgical technique, 1763–1764

proximal, 290
proximal fifth, for bunionette deformity, 425–430

Metatarsal pads/supports, 524f
for interdigital neuroma, 683f
placement in shoe, 525f

Metatarsal stress fractures (excluding fifth), 
1596–1599

in ballet dancers, 1598–1599, 1601f
clinical features of, 1597
etiology of, 1597
imaging of, 1597–1598, 1597f
incidence of, 1596–1597
treatment of, 1597–1598, 1598f, 1599f, 1600f, 

1601f
Metatarsocuneiform arthrodesis, and distal soft 

tissue procedure (in hallux valgus), 248
Metatarsocuneiform coalition, 492, 493f
Metatarsocuneiform ligament, 1505, 1507f
Metatarsophalangeal joint(s). See also first 

metatarsophalangeal joint entries Lesser 
toe metatarsophalangeal joints specific 
MTP joint

alignment of, 314, 315f
anatomy of, 306–309, 1512, 1514f, 2021–2022

extensor digitorum muscle and tendon, 306–
307, 306f, 307f

interosseous tendons, 307, 307f, 308f
plantar plate and collateral ligaments, 307–308, 

308f
arthrodesis, first metatarsal osteotomy, 

1101–1106
adapting dorsal plate, 1104, 1112f
fixation constructs, strength, 1101, 1110t
internal fixation for, 1110f

results and complications, 1101–1106, 1110f, 
1111f, 1112f

splay foot, treatment, 1103–1104, 1112f
surgical technique, 1101, 1109f
titanium locking plate, placement, 1101, 1109f

arthrofibrosis, 297
biomechanics, 6f
deformities, 1292, 1293f
dislocations of, 2021–2026. See also 

Metatarsophalangeal joint deformity/
dislocation

hallux, 2022–2025. See also under First 
metatarsophalangeal joint

lesser toes, 2025–2026. See also under Lesser 
toe metatarsophalangeal joints

hallux rigidus, 1077–1124
cheilectomy, 1088–1091
chondrolysis patterns with, 1090f
clinical and radiographic classification of, 1085t
clinical findings of, 1081f
conservative treatment of, 1082–1084, 1085f, 

1086f, 1125f
definition, 1077
dorsiflexion stress, 1081, 1084f
etiology of, 1078–1080, 1079f, 1080f
excisional arthroplasty, 1091–1092
first metatarsal osteotomy, 1097–1115, 1106f, 

1108f
history of, 1080–1081
incidence of, 1077
Keller procedure, 1092, 1094, 1096, 1119–1120
metatarsus primus elevatus, 1079, 1080f
orthoses for, 1086f
osteochondral defect treatment, 1091f
physical examination of, 1080–1081, 1081f
proximal phalangeal osteotomy, 1087–1088
radiographic evaluation of, 1078f, 1081–1082, 

1082f, 1083f, 1084f
salvage of joint replacement, 1115–1124
signs and symptoms of, 1077–1078, 1078f
soft tissue interpositional arthroplasty, 

1092–1097
surgical treatment, 1084–1097, 1086f, 1087f

instability and interdigital neuroma of, diagnosis 
of, 303, 313f, 683

lesser toe deformities, and treatments, 303. 
See also Lesser toe deformities

range of motion assessment of, 45, 45f
superficial, 37, 37f
synovitis in rheumatoid arthritis, 801

Metatarsophalangeal joint arthroplasty, first 
metatarsal osteotomy, 1106–1115, 1113f

failed hemi-implant, 1107, 1113f
metal-polyethylene joint replacements,  

1108–1109, 1114f
silicone elastomer joint replacement, 1109–1115, 

1114f, 1115f, 1116f, 1117f, 1118f
total hallux implant, 1108, 1114f

Metatarsophalangeal joint deformity/dislocation, 
344

anatomy of, 344–345, 346f, 346t, 347f, 348f
etiology of, 345–346
nonsurgical treatment of, 354–356, 355f
in rheumatoid arthritis, 837–838
surgical treatment of, 344

capital oblique metatarsal (Weil) osteotomy, 
363–365

extensor digitorum brevis transfer, 361–362
phalangeal closing wedge osteotomy 

(Akinette), 360f, 362–363
plantar condylectomy, 362
plantar plate repair, 365–367
reefing of second MTP joint capsule, 361
soft tissue release, 359–361

Metatarsophalangeal joint reconstruction, hallux 
varus correction, 284–285

Metatarsophalangeal joint violation, after proximal 
phalangeal osteotomy, 295

Metatarsophalangeal-5 (MTP-5) angle, 401, 402f
Metatarsus adductus, 1762–1764

congenital, 1763f
conservative treatment of, 1763
in development of hallux valgus, 183–184, 183f, 

184f
evaluation and classification of, 1762–1763, 1763f
magnitude of, 183–184, 183f
residual, 1762–1763
surgical treatment options for, 1763–1764, 1763t

cuneiform and cuboid osteotomies, 1764, 1764f
multiple metatarsal osteotomies, 1763–1764

Metatarsus primus elevatus, and development of 
hallux rigidus, 1079, 1080f

Metatarsus primus varus, and development of 
hallux valgus, 175, 176f

Methicillin resistant S. aureus (MRSA) infections, 
1373–1374

Methotrexate, 838
Micronychia, 558, 559f
Midfoot

alignment of, gait biomechanics, 14–15
anatomic considerations, 1505–1506, 1506f, 

1507f
degenerative arthritis of, 795–800, 797f

conservative management, 798
diagnosis, 796–797
and hindfoot deformity, 811
and tarsometatarsal joint arthrodesis, 798, 798f
treatment, 798–800

fractures and dislocations of, 1986
ligament injuries of, 84–85. See also Midfoot 

sprains
nonunion rates, 799–800
patient satisfaction, 799
rheumatoid arthritis of, 800
sprains of, 1504–1511. See also Midfoot sprains
surface anatomy of, 34–36

bones and joints, 34
knot of Henry, 35, 35f
peroneus brevis insertion, 35–36
plantar fascia, 36

Midfoot arthritis, 1070
etiology, 1070–1072, 1071f
imaging studies, 1072
lateral column interposition arthroplasty, 1075

postoperative care, 1075
results, 1075
surgical technique, 1075

medial and middle column arthrodesis, 
1073–1075

fixation techniques, 1074f
postoperative care, 1074
results, 1074–1075
surgical technique, 1073–1074

Metatarsal head (Continued) Metatarsophalangeal joint(s) (Continued) Metatarsophalangeal joint deformity/dislocation 
(Continued)
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medial column exostectomy, 1073
nonoperative treatment, 1072
nonsteroidal antiinflammatory drugs, 1072
operative treatment, 1072–1075
physical examination, 1072
tarsometatarsal joints, 1072

Midfoot deformity, 1326–1327, 1354–1356, 1357f, 
1359f, 1360f

Midfoot joint arthrodeses, 798–799
Midfoot sprains, athletic, 1504–1511

anatomic considerations, 1505–1506, 1506f, 
1507f

classification of, 1507–1509, 1509f
definition of, 1504–1505
diagnosis of, 1505–1507

clinical evaluation, 1506–1507
radiologic evaluation, 1507, 1507b, 1508f, 

1509f
imaging of, 84–85, 87f
incidence of, 1505
mechanism of, 1505, 1506f
treatment of, 1509–1511, 1510f, 1511f

Midshaft (diaphyseal) osteotomies, fifth MTP joint, 
420–425

contraindications, 421
indications, 421
postoperative care, 423
preferred surgical technique, 421–423, 423f, 424f

variation, 423
results and complications, 423–424

Midtarsal joint(s)
arthrodesis, 837
range of motion assessment of, 44

Midtarsal osteotomies, 1305, 1305f, 1306f
Miller procedure (naviculomedial cuneiform 

arthrodesis), 757–758, 760f
Mineral oil, 1798
Mini-arthrotomy ankle fusion, 892
Mini-arthrotomy technique, 890
Minimalist running shoe, 1450, 1450f
Minimally invasive ankle fusion techniques, 

884–887
arthroscopic technique, 885–887
external fixation, 888
indications, 884
mini-open technique, 887, 888f
postoperative care, 887
preparation, 884

Minimally invasive lateralizing calcaneal 
osteotomies, 1303–1305

postoperative care, 1304–1305
results and complications, 1305
surgical pearls for, 1303b
surgical technique, 1303–1304, 1304f

Minimally invasive surgery, bunionette correction, 
430–431

contraindications, 430
indications, 430
results and complications, 430
surgical technique, 430, 431f

Mitre frame, 1362
Moccasin tinea pedis, 635
Modified double arthrodesis, 1044–1045

indications, 1044
position, 1044
postoperative care, 1045
results, 1045, 1046f

of subtalar and talonavicular joints, 795
surgical technique, 1044–1045

single medial incision, 1044–1045
two incisions, 1044

Modified Takakura radiographic classification, of 
varus ankle arthritis, 894, 901t

Molding, of adjacent toes, 303, 332f
Molluscum contagiosum, 631
Monosodium urate crystals, 839, 839f
Morton lesion, 682
Morton neuroma, 680

imaging of, 95, 98f
nonsurgical treatment of, 122, 122f

Morton neuroma syndrome, 677
Motor balancing, 1354
Motor dysregulation, medications for, 781
Motor neuropathy, 1349
Mouth disease, 631
MTP-5 angle, 401, 402f
Mucinous degeneration, posterior tibial tendon, 

1234
Mucous cyst, 579f
Muehrcke lines, 555
Mueller-Weiss disease, 1036, 1037f
Mulder sign, 681
Multilevel deformities, 942–943
Multimodal anesthesia, 136

components
acetaminophen, 138–139
gabapentinoids, 141
glucocorticoids, 142
nonsteroidal antiinflammatory drugs, 136–138
opioid agonist/monoamine reuptake inhibitor, 

142
opioid agonists, 141–142
paracetamol, 138–139

drug categories used concurrently, 145t–146t
Multiple intraarticular hemorrhages, 866
Muscle contracture assessment, 46–47
Muscle flaps, 1800, 1800t
Muscle function assessment, 46–47
Muscular atrophy, spinal, 1290–1291
Musculoskeletal tumors, 641
Musculoskeletal Tumor Society (MSTS) staging 

system, 641–642, 642t
Mycetoma, 1384–1385, 1386f
Mycobacteria, 1385–1386

atypical, 1385–1386
tuberculosis, 1385, 1387f

Myelomeningocele, 745–752
calcaneal deformity in, 748–751, 750f

conservative treatment, 748
surgical treatment, 748–751

calcaneocavus deformity in, 752
congenital vertical talus, 748

vertical talus in, 748
equinus deformity in, 748

surgical treatment of, 748
sensory deficits in, 746
talipes equinovarus in, 746–748

clubfoot correction, 746–747
conservative treatment, 746
midfoot osteotomy, 748
postoperative care, 750

treatment approach, 746
casting, 746

valgus deformity in, 751–752

conservative treatment, 751
surgical treatment, 751–752

Myerson technique, 1277–1278, 1278f

N
N-acetylcysteine (NAC), for complex regional pain 

syndrome, 780–781
Nail

tibiotalocalcaneal malunion in, 1063f
tibiotalocalcaneal nonunion in, 1061, 1062f

Nail bed (sterile matrix), 551
disorders

subungual clavus, 578–579
subungual exostosis and tumors, 578, 578f
subungual hematoma, 579
subungual verruca, 579

Nail care, 1337, 1337f
Nail disease, 637
Nail fold(s)

disorders
herpetic whitlow, 580
onychophosis, 580
paronychia, 579–580
periungual verruca, 580
pyogenic granuloma, 580

lateral, 551
lateral advancement flap procedure, 584
lateral fold reduction, 584
proximal, 551

Nail matrix, 551
disorders of

anonychia, 580
atrophy and hypertrophy, 581
pathologic keratinization, 581–582
pterygium, 580

Nail-patella syndrome, 557
Nail plate, 551

avulsion of, 560, 562f
complete, 584
en bloc excision and, 580, 580f
partial, 584

disorders of, 566–578. See also Toenail disorders
onychauxis and onychogryphosis, 568–569
onychia, 577
onychocryptosis, 566–568
onycholyis and onychomadesis, 577–578
onychomycosis, 569–577
onychopsittacus, 578

germinal matrix cells, 552
National Diabetes Statistical Report, 1330–1331
National Institutes of Health (NIH), 1330–1331
Navicular, bipartite, 485–489, 1991–1992, 1993f
Navicular body fractures, 1988–1991

classification of, 1988, 1989f, 1989t
complications of, 1991, 1992f
nonoperative management, 1988–1989
operative management, 1989–1991, 1989f, 1990f, 

1991f
treatment results, 1990–1991

Navicular fractures, 1987–1992
avulsion fractures, 1987–1988

nonoperative management, 1987–1988
operative management, 1988

navicular body fractures, 1988–1991, 1989f, 
1989t

navicular dislocation, 1992

Midfoot arthritis (Continued) Modified double arthrodesis (Continued) Myelomeningocele (Continued)
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navicular tuberosity fractures, 1988, 1988f
tarsonavicular stress fractures, 1991–1992

Navicular stress fractures, 1606–1611, 1991–1992
clinical features of, 1606–1608
conservative treatment of, 1609–1610
imaging evaluation of, 1608–1609, 1608f, 1609f
mechanism of injury, 1991
pathophysiology of, 1606
radiographic evaluation, 1991–1992, 1993f, 1994f
surgical treatment of, 1610–1611, 1610f, 1611f

complications, 1611, 1613f
open surgical technique, 1610, 1611f, 1612f
postoperative care, 1610–1611

treatment and results, 1992
vascular anatomy in, 1606, 1608f

Navicular tuberosity fractures, 1988, 1988f
nonoperative management, 1988
operative management, 1988

Navicular view, 63f
Naviculocuneiform arthrodesis, 1271–1274

indications and contraindications, 1272–1274
Miller procedure, in cerebral palsy, 757–758, 760f
results, 1274
surgical technique, 1272–1273, 1273f

Neck fractures, metatarsal, 2017, 2021f, 2022f
Necrosis of toes, 1422, 1423f
Necrotizing fasciitis, 1374–1375

antibiotic therapy for, 1375
clear exudate in postoperative incision, 1375f
debridement, 1374f, 1375
of foot, 1374, 1374f
hyperbaric oxygen therapy for, 1375, 1376f
Laboratory Risk Indicator for Necrotizing 

Fasciitis scoring, 1374–1375, 1375t
microbiological classification of, 1376t
risk factors for, 1374
signs of, 1374
single-/multiple-place hyperbaric chambers, 

1376f
staging of, 1374t

Negative pressure therapy, before soft tissue 
reconstruction, 1796, 1796f

Negative pressure wound dressings (NPWDs), 
1783–1784, 1784f

Neisseria gonorrhoeae infection, 1382
Nerve block(s)

above the knee, 130
below the knee, 130–132
peripheral, 129–130

Nerve conduction study (NCS), 676
Nerve entrapment, 698, 715–717

in chronic leg pain, 1459, 1459f
clinical features, 1459
treatment, 1459

deep peroneal, 721–726
in failed tarsal tunnel release, 703–711
and interdigital neuromas, 685
lateral plantar, 715–717
medial plantar, 718–719
and recurrent interdigital neuromas, 690
saphenous, 728
superficial peroneal, 719–721
sural, 726–728
in tarsal tunnel syndrome, 690
and traumatic nerve injury, 711–715. See also 

Traumatic nerve injury
Nerve injury, 133, 145t, 676

Nerve(s), of foot and ankle, 725
diagnostic imaging of, 95–96

Morton neuroma, 95, 98f
peroneal and sural nerve pathology, 100f
posttraumatic neuroma formation, 100f
tarsal tunnel syndrome, 100f

intractable pain in, 727. See also Neuropathic 
pain; Neuropathy

tumors of, 647
Nerve recovery, 676
Nerve transection

acute, surgical treatment considerations, 728
and burial, in traumatic injury, 713–715

postoperative care, 713
results, 713–715
surgical technique, 713

Neural blockade, in complex regional pain 
syndrome, 779

Neuralgia, 676–689
Neurectomy

dorsal surgical approach, 685–688
interdigital neuroma, 684–685, 684f

Neurilemoma. See Schwannoma
Neuroarthropathy, 1330
Neurofibroma, 647
Neurologic disorders, 759–767

acquired, 759–767
amyotrophic lateral sclerosis (Lou Gehrig 

disease), 767
cerebrovascular accident (stroke), 759–763
painful leg-moving toes syndrome, 767
Parkinson’s disease, 766–767, 766f
peripheral nerve injury, 764–767
postpolio syndrome, 765–766
sciatic nerve injury, 765
spinal cord injury, 764
traumatic brain injury, 763–764

ambulation and conservation of energy  
in, 736

assessment of, functional treatment plan,  
734–735

congenital, 736–759. See also specific disorder
cerebral palsy, 752–759
Charcot-Marie-Tooth disease, 736–745
Duchenne muscular dystrophy, 759
myelomeningocele, 745–752

deformity management in, 735–736
energy conservation, 736
etiology and diagnosis of, 735
lower extremity assessment in, 735
surgical intervention planning, 735–736

Neurologic heel pain treatment, 512
Neurologic lesions

cerebral palsy, 1291
Friedreich ataxia, 1290
hereditary cerebellar ataxias, 1290
Roussy-Lévy syndrome, 1290
spinal cord tumors, 1291
spinal dysraphism, 1291
spinal muscular atrophy, 1290–1291
structural spinal cord disease, 1291
syringomyelia, 1291

Neurolysis
of common digital nerve and terminal branches, 

686–688
of interdigital neuroma, 685
revision, in failed tarsal tunnel release

and vein wrap procedure, 705–708

postoperative care, 705
results, 705–708
surgical technique, 705

Neuromas, 676–689
conservative treatment for, 122, 122f
surgical treatment considerations, 710–711

Neuropathic (Charcot arthopathy) ankle,  
1363–1366, 1363f, 1366f, 1367f

ankle fractures in diabetics, 1363–1364, 1363f, 
1364f, 1365f

Neuropathic (Charcot foot) arthropathy, 1351–1353
clinical presentation, 1352
Eichenholtz’s Charcot foot arthropathy, 1352f
evaluation and treatment, 1352–1353, 1353f, 1354f
pathophysiology, 1352, 1352f
plantigrade Charcot foot, 1353f

Neuropathic pain, 598f
Neuropathy

central, 1333–1334
peripheral, 1331–1332, 1332f, 1333f
physiology of, 612

Neutrally aligned ankles, surgical techniques for, 
935–937

anterior approach, 935–937, 936f, 938f
lateral approach, 937, 939f
patient positioning, 936f

Neutral triangle, of calcaneus, 1895, 1896f
Nevus (nevi), 636
Night splints, for plantar fascia stretching during 

inactivity, 510f
“Night walker” fracture, 2028, 2042f
Nodular variant of melanoma (NM), 636
Nodules. See Papules, plaques, nodules
Nonoperative/nonsurgical treatment. See 

Conservative treatment
Nonsteroidal antiinflammatory drug(s), 136–138, 

792
and acetaminophen combination, 139
for complex regional pain syndrome, 779
frostbite, 611–612
for gouty arthritis, 841
midfoot arthritis, 1072
necrotizing fasciitis, 1374
for neuralgia in tarsal tunnel syndrome, 689
for rheumatoid arthritis, 841

Nonunion, 1358
first metatarsal, 291–292, 292f
subtalar, under pantalar arthritis, 1024, 1025f
talonavicular arthrodesis, 1039–1040, 1039f

Nonweight bearing views
of ankle, 53f
anteroposterior (AP) view of the foot, 54f
lateral view of foot, 55f
oblique view of the foot, 54f

Normal alignment, of lower limb, 1310–1313, 1310f
Nuclear medicine imaging, 57–65

gallium-67 bone and white cell scan, 65
radiopharmaceuticals used in, 57
science of, 57–65
single photon emission computed tomography 

(SPECT), 60–61
technetium-99m bone scan, 58–60
uses of, 65

fibular stress fracture, 75f
occult fractures, 75f
os peroneum syndrome, 74f

Nutcracker fracture, of cuboid, 1994

Navicular fractures (Continued) Neurolysis (Continued)
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O
Obesity, morbid, 1333
Oblique metatarsal osteotomy, for treatment of 

plantar keratoses, 534–538
postoperative care, 535–537, 538f
results, 537
surgical technique, 534–535, 537f

Obliquity of ankle axis, in gait biomechanics, 3f
Obstructive sleep apnea, anesthesia considerations 

in patients with, 143
Occlusive hydrocolloid wound dressing, 1794
One-legged hop test, 1482
Onychauxis, 553b–554b, 568–569

treatment, 569
Onychectomy

complete, 586
partial, 561f, 584–586

Onychia (onychitis), 553b–554b, 577, 577f
Onychoclasis, 553b–554b
Onychocryptosis, 553b–554b

acute symptoms relief, 567–568
causes of, 567
classification of, 574b
congenital predisposition to, 568
differential diagnosis, 566
prevention of, 568
treatment, 573f

Onychogryphosis, 553b–554b, 568–569
treatment, 569

Onycholysis, 553b–554b, 554, 577–578
Onychoma, 553b–554b
Onychomadesis, 553–554, 553b–554b,  

577–578
Onychomalacia, 553b–554b
Onychomycosis, 553b–554b, 569–577, 632f, 637, 

1383, 1384f
candidal, 572
combination treatment, 577
diagnosis, 572
distal subungual, 571, 576f, 632, 632f
local treatment, 577
management, 632
organisms causing, 570–571
proximal subungual, 572
risk factors, 575t
systemic treatment, 575–576
treatment of, 1383
types, 632, 633t
white superficial, 572

Onychopathies, 552–553, 553t
Onychophosis, 553b–554b, 580
Onychopsittacus, 578–579
Onychoptosis defluvium, 553b–554b
Onychorrhexis, 553b–554b
Onychoschizia, 553b–554b, 581, 582f
Onychosis (onychopathy), 553b–554b
Onychotrophia, 553b–554b
Open C-type pilon fracture, 1832f
Open fractures, 1787, 1787f

soft tissue reconstruction in, 1814
Open phenol nerve block to tibial nerve injection 

technique, 761
Opioid(s), 621

atypical, 782
for complex regional pain syndrome, 781–782
topical, for neuralgia in tarsal tunnel syndrome, 

689

Opioid agonist(s), 141–142
and monoamine reuptake inhibitor, combined, 142

Opioid and Prescription Drug Monitoring 
Program, 621

Opioid consuming patients, anesthesia 
considerations, 143–147

OpSite wound dressings, 1794
Oral anticholinergics, 618–619
Orthonyx, 553b–554b
Orthopedic Trauma Association classification, of 

pilon fractures, 1822, 1825f
Orthoses. See Ankle-foot orthoses; Foot orthoses
Orthotics

and bracing, 1246–1249, 1247f, 1248f
shoe, 123–124

Os aponeurosis, 484, 488f
Os calcaneus secundarius, 482–483

anatomy and incidence of, 482, 483f, 484f
clinical significance of, 482–483, 484f, 485f, 486f

Oscillating circular saw blades, 602–603, 603b
Os cuboides secundarium, 484, 488f, 489f
Os cuneo-I metararsale-II dorsale, 489–490, 491f
Os cuneo-I metararsale-I plantare, 489–490, 491f
Os intercuneiform, 489
Os intermetatarseum, 182, 183f, 492–495

anatomy and incidence, 492–494, 494f
clinical significance, 494–495, 495f

Os peroneum, 475–478, 475f
abnormalities of, 475, 477–478, 477f
clinical significance of, 475–478, 478f
excision of, and tenodesis of peroneus longus, 

478
fractures of, 475–477, 476f, 477f
incidence of, 475, 478f
location of, 475, 475f
osteochondritis of, 475, 476f
soft tissue attachments of, 475, 475f

Os retinaculi, 482, 482f
Osseous development

in foot and ankle, 52, 52f
normal, 52, 52f
secondary, in sesamoids of foot, 52, 52f

Ossicles. See Loose bodies/ossicles
Os subcalcis, 484, 488f
Os subfibulare, 480–482

anatomy and incidence of, 480–482, 481f
clinical significance of, 482, 482f

Os subtibiale, 479–480
anatomy and incidence of, 479–480, 480f
clinical significance of, 480

Os sustentaculi, 483, 487f
Os talonaviculare dorsale (os supratalare), 484, 

489f, 490f
Osteoarthritis, 790–793, 791f, 1071
Osteoblastoma, 658
Osteochondral allograft, 1736–1737
Osteochondral allograft resurfacing, bipolar ankle 

joint resurfacing, 893–894
Osteochondral autograft transfer, 1736
Osteochondral defect (OCD), treatment  

of, 1091f
Osteochondral grafting techniques, 1736–1737
Osteochondral lesions, 1709

of foot, 1740–1741, 1742f
great toe, arthroscopic treatment, 1670
of talus. See Osteochondral lesions of talus
of tibial plafond. See Osteochondral lesions of 

tibial plafond

Osteochondral lesions of talus, 1709–1737
arthroscopic grading staging, 1712, 1715t, 1716f
computed tomographic classification of, 1713f, 

1713t
future directions, 1737
incidence of, 1710, 1710f, 1711f
localization of, 1711f
magnetic resonance imaging classification of, 

1711, 1712f, 1714t
pathogenesis of, 1710
preoperative evaluation/classification, 1710–

1712, 1711t
radiographic classifications of, 1711, 1711t
reconstruction techniques involving bone, 1720–

1723, 1727f, 1728f
autologous bone grafting, 1722, 1727f
osteochondral autograft/allograft, 1722,  

1728f
surgical technique for large lesions with cystic 

component, 1722–1723
results, 1723–1737, 1729t, 1730t, 1731t

bone grafting, 1736–1737
debridement, 1728–1729
nonoperative treatment, 1726
osteochondral grafting techniques, 1736–1737
repair, 1731–1732
restoration using local marrow cells, 

1732–1734
adjuvant treatments, 1733–1734, 1734t
microfracture, 1732–1733, 1733f

restoration using remote/allograft cells, 
1734–1736

autologous chondrocyte implantation, 1735
membrane- or scaffold-based techniques, 

1735
particulated cartilage graft, 1735–1736

retrograde drilling, 1729
salvage after failed treatment of, 1737
single photon emission computed tomography, 

1711–1712, 1715f
size of lesion, 1712, 1717f
surgical techniques, 1714–1723

lavage and debridement, 1714–1715, 1718f
local bone marrow cell–mediated restorative 

techniques, 1718, 1721f, 1722f, 1723f
primary repair techniques, 1716–1718, 1720f
reconstruction techniques involving bone, 

1720–1723, 1727f, 1728f
retrograde drilling, 1715–1716, 1719f, 1720f
transplanted cell-mediated restorative 

techniques, 1718–1720, 1724f, 1725f, 
1726f

treatment options, 1712–1714, 1717f
Osteochondral lesions of tibial plafond, 1737–1740

etiology and incidence of, 1737–1738
morphologic characteristics, 1738, 1738f
preoperative evaluation/planning, 1738
surgical treatment, 1738–1740

alternative treatments, 1738, 1741f
arthroscopic abrasion or drilling, 1738, 1740f
arthroscopic microfracture, 1738, 1739f
results and complications, 1738
technique, 1738

Osteochondroma, 562–565, 657
chronic, 571
subungual, 562–565

differentiation of, and subungual exostosis, 
562–565, 566t
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Osteochondrosis of metatarsal head, 541–546
diagnosis, 542
dorsal closing wedge metatarsal osteotomy 

(DCWMO), 543, 544f
interpositional arthroplasty, 545–546
osteochondral autograft transfer (OAT), 543–545
proliferative bone excision, 542–543

postoperative care, 543
results, 543
surgical technique, 542–543

treatment decisions, 542
Osteoid osteoma, 658, 659f
Osteolysis, 1339

total ankle replacement, 970–973, 971f, 972f, 
972t, 973f, 974f

Osteomyelitis, 1378–1380
after pilon fracture open reduction internal 

fixation, 1848f
antibiotic selection, 1379
Brodie abscess, 1378f
cortical erosion of cortical bone, 1379f
hematogenous, 1378
imaging bone changes in

fast spin-echo short T1 inversion recovery, 
1379

magnetic resonance imaging, 1378–1379
positron emission tomography, 1379
radiographic imaging, 1378
radionuclide bone scans, 1379

indications for free tissue transfer, 1804, 1804f, 
1814

osteopenia, 1379f
resulting from puncture wounds, 1389
of sesamoids, 451, 452f

Osteonecrosis. See Avascular necrosis
Osteonecrosis of sesamoids, 453, 453f, 454f, 455f

treatment of, 453
Osteopenia, 1378, 1379f
Osteophytes, 1644–1646

arthroscopic treatment of, 1645
indications/contraindications, 1644
postoperative care, 1645
preoperative evaluation/planning, 1644, 1645f
results and complications, 1645–1646
surgical technique, 1645, 1645f

locations of, 1644, 1644f
signs and symptoms, 1644–1645

Osteosarcoma, 667, 668f
Osteotomy(ies). See also specific osteotomy procedure

(corrective), in ankle fracture malunion, 1882
in bunionette deformities, distal fifth metatarsal, 

410–419
capital oblique osteotomy (modified Weil), 

414–419, 416f, 417f
chevron osteotomy, 411, 412f

DeOrio technique, 414f
contraindication, 410
oblique osteotomy, 413–414, 415f
transverse medializing osteotomy, with 

Steinmann pin fixation, 410–411, 411f
in bunionette deformity, proximal fifth 

metatarsal, 425–430
calcaneal, 1255–1258

contraindications, 1256
indications, 1256
postoperative care, 1258
preoperative evaluation and planning, 

1256–1258

results and complications, 1258, 1259f
surgical technique, 1256–1258, 1257f

in cerebral palsy, Evans calcaneal osteotomy, 
757, 759f

in Charcot-Marie-Tooth disease
calcaneal slide osteotomy, 740f, 741
metatarsal osteotomy, 745

closing wedge, distal first metatarsal, 244–247
closing wedge, metatarsal, in Charcot-Marie-

Tooth disease, 745
closing wedge translational (Wiltse), in valgus 

deformity in myelomeningocele, 751
in congenital flexible flatfoot, anterior calcaneal 

osteotomy, 1765–1766
in congenital metatarsus adductus

cuneiform and cuboid osteotomies, 1764
multiple metatarsal osteotomies, 1763–1764

decompression/shortening, 837
for diffuse intractable plantar keratoses, 

metatarsal
basal, 538–539
distal, 531–534
oblique, 534–538
other, 539–541

in fibular lengthening, 1882
in foot deformities, 1326–1327
Green-Watermann osteotomy, 1097–1098, 1104f, 

1105f
in hallux rigidus, first metatarsal osteotomies, 

825, 836f
in hallux valgus

Akin procedure, 203–207
distal metatarsal, chevron procedure, 207–219
distal metatarsal closing wedge, 244–247
distal, Mitchell/Bosch, 219–224
distal soft tissue procedure/proximal 

osteotomy, 228–242
first cunieform osteotomy, 243–244
scarf osteotomy, 244–247

in intractable plantar keratoses, 525
basal metatarsal osteotomy, 538–539, 539f
Coughlin modified metatarsal condylectomy, 

526, 530f
distal metatarsal osteotomy, 531–534, 532f, 533f
DuVries metatarsal condylectomy, 525–526, 

529f
oblique metatarsal osteotomy, 534–538, 536f, 

537f
rotational flap, 527
tibial sesamoid shaving, 528–529, 531f
vertical chevron osteotomy, 526–527, 530f

in limb alignment correction, 1314–1315
in metatarsophalangeal joint deformity, 344

capital oblique metatarsal (Weil) osteotomy, 
363–365

phalangeal closing wedge osteotomy 
(Akinette), 362–363

plantar condylectomy, 362
midshaft (diaphyseal) osteotomies, fifth MTP 

joint, 420–425
in osteochondrosis of metatarsal head, dorsal 

wedge, 543
in pes cavus

calcaneal osteotomies, 1302–1305
Cole midfoot osteotomy, 1305, 1305f
dorsiflexion osteotomy of the first ray, 1301–

1302, 1301f, 1302f

Dwyer calcaneal osteotomy, 1302–1303, 1302f, 
1303f

Japas V-shaped midfoot osteotomy, 1305, 
1306f

midtarsal osteotomy, 1305, 1305f, 1306f
minimally invasive lateralizing calcaneal 

osteotomies, 1303–1305, 1303b, 1304f
proximal phalangeal, 1087–1088

postoperative care, 1087
results and complications, 1088
surgical technique, 1087, 1087f

shortening, hallux rigidus, 1098, 1106f
in supramalleolar deformities, 1317–1318
in talar fracture/dislocation, 1962, 1965f
Taylor Spatial Frame application, 1315, 1317f, 

1318f, 1326
tibial and fibular osteotomy techniques, 

1318–1319
fibular osteotomy technique, 1319
Gigli saw technique, 1318–1319, 1319f
multiple drill hole technique, 1318, 1318f
Taylor Spatial Frame application, 1315, 1317f, 

1318f, 1326
for valgus deformity in myelomeningocele, 748
Watermann osteotomy, 1097–1098, 1104f

Os trigonum, 471–475, 1664f
anatomy and incidence of, 471, 471f, 472f
arthroscopic treatment of, 1663–1664

indications/contraindications, 1663
preoperative evaluation/planning, 1663,  

1664t
results and complications, 1664
surgical technique, 1663–1664, 1665f

descriptive terminology, 1663, 1664f
fractures of, 1970, 1971f
surgical removal of, 473–474

endoscopic approach, 474
lateral approach technique, 473–474
results, 474–475

symptomatic, 471–472, 472f, 473f
conservative treatment of, 472–473, 473f

Os trigonum syndrome, 1970
Os vesalianum, 495–497

anatomy and incidence of, 495–496, 495f, 496f
clinical significance of, 496, 496f, 497f

OTA type B partial articular fracture, 1825f
OTA type C complete articular fracture, 1825f
Outsole modifications, for shoe, 123
Over-the-counter footwear/prescription footwear, 

791–792
Over-the-counter inserts, 114, 115f. See also Insoles 

and inserts

P
Pachyonychia, 553b–554b
Pachyonychia congenita, 557, 630
Paget-Schroetter syndrome, 1461
Pain

psychiatric aspects of, 621–622
total ankle replacement, 981–983, 982f, 983f,  

984f
Painful leg-moving toes syndrome, 767
Painful os peroneum syndrome (POPS), 1178–1179
Palmoplantar keratodermas (PPK), 629

Vohwinkel type, 629
Vörner-Unna-Thost type, 629

Osteotomy(ies) (Continued) Osteotomy(ies) (Continued)
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Pantalar arthritis, 1020
calcaneocuboid arthrodesis, 1040–1041

postoperative care, 1041
surgical technique, 1040–1041

clinical approach, 1021
closure, arthrodesis, 1031–1036, 1059–1064

arthroscopic surgical technique, 1031
clinical outcomes, 1031–1033
complications, 1034–1036, 1034f, 1061–1064, 

1062f, 1063f, 1064f
grafting considerations, 1060–1061
hardware considerations, 1061
postoperative care, 1031, 1059
results, 1031–1034, 1059–1061
surgical considerations, 1061
surgical factors, 1033
surgical technique, 1059
swelling and fracture blister, 1059, 1060f

computed tomography, 1021
deformity correction, 1030
double (talonavicular and calcaneocuboid) 

arthrodesis, 1041–1044
indications, 1041, 1041f
position of, 1041
postoperative care, 1042
results, 1042–1043, 1042f
special considerations, 1043–1044, 1043f
surgical technique, 1041–1042

history, 1021
imaging, 1021
internal fixation, 1030–1031

intramedullary nail, 1058–1059
plate and screws, 1059

joint preparation, arthrodesis, 1030
malunion, 1026
modified double (subtalar and talonavicular) 

arthrodesis, 1044–1045
indications, 1044
position, 1044
postoperative care, 1045
results, 1045, 1046f
surgical technique, 1044–1045

nonoperative management, 1021
bracing, 1021
injections, 1021
University of California Biomechanics 

Laboratory (UCBL) braces, 1021
pathogenesis, 1021
physical examination, 1021
posttraumatic avascular necrosis of talus,  

1024–1026, 1025f
prevalence, 1021
specific arthrodeses, 1026–1064
subtalar arthrodesis, 1026–1030, 1026t

arthroscopic, 1034
distraction, 1033–1034, 1033f
healing of, 1032f
indications, 1026–1027, 1027f
open surgical technique, 1027–1030, 

1028f–1029f
position of, 1027
posttraumatic, 1026
single screw, 1031f

subtalar nonunion under, 1024, 1025f
surgical considerations, 1021–1026

alignment, 1021–1022
complications, 1024–1026
deformity-correcting fusion, 1021

joint-preserving surgery, 1023
soft tissue considerations, 1023

pantalar arthritis, 1023
surgical principles, 1023–1024, 1023b
surrounding joint arthritis, 1022–1023, 1022f

talonavicular arthrodesis, 1036–1040
alignment of, 1036
complications, 1039–1040, 1039f
indications, 1036, 1037f
Mueller-Weiss disease, 1036, 1037f
nonunion, 1039–1040, 1039f
postoperative care, 1038
results, 1038–1039, 1038t
surgical technique, 1036–1038

tibiotalocalcaneal and pantalar arthrodesis, 
1053–1058

grafting considerations, 1054–1058
hardware considerations, 1053–1054, 1053f, 

1054t, 1055f, 1056t, 1057f, 1057t
indications, 1053
nonunion, 1061, 1062f
open surgical technique, lateral approach, 

1058–1059
outcomes after, 1060t
position of, 1053
using retrocalcaneal nail, 1053–1054, 1054t, 

1055f
triple arthrodesis, 1045–1053, 1047f

complications, 1051, 1052f
indications, 1045–1048, 1048f
position of, 1047f, 1048–1049
postoperative care, 1050
progressive ankle coronal plane deformity, 

1051, 1052f
results, 1050–1051, 1050t
revision for malalignment, 1051–1053
surgical approach, 1049–1050

Pantalar arthrodesis, 795, 796f
Pantalar fusion, 1978–1980

large fragment cancellous screw fixation  
in, 1979

surgical technique, 1979
Papules, plaques, nodules, 628

foreign body, 632
Kaposi sarcoma, 636
melanoma, 635
nevus, 636
pyogenic granuloma, 636
seborrheic keratosis, 636
squamous cell carcinoma, 636
verrucae, 631–632

Papulosquamous skin conditions, 633
atopic dermatitis, 633
caused by infections, 630–632

onychomycosis, 632
paronychia, 630, 637
tinea pedis, 632

contact dermatitis, 632–634
dyshidrotic eczema, 633
keratoderma, 629
lichen planus, 633
psoriasis, 634–635
stasis dermatitis, 632–633

Paracetamol, and nonsteroidal antiinflammatory 
drug combination, 139

Paralytic polio, 1290
Parascapular flap, 1807–1809

Parasitic infections, 1386–1388
chigger mites, 1388, 1389f
cutaneous larva migrans, 1386–1387, 1388f
Dermatobia hominis, 1386, 1388f

Paratendinitis, endoscopic treatment of, 1681
Paratenonitis. See Achilles paratenonitis
Paresthesias, hallux

digital nerve, first web-space incision,  
278–279

dorsal first web-space incision, 278–279
dorsomedial cutaneous nerve, 278, 278f
iatrogenic injuries, 278, 278f
nerve injury, 277–278
plantar medial cutaneous nerve injury, 278

Parkinson disease, 766–767, 766f
Paronychia, 553b–554b, 579–580, 579f, 637

acute, treatment of, 579
chronic, treatment of, 579–580

Parrot beak nail, 553b–554b, 578, 578f
Partial calcanectomy, 1412
Partial foot amputation, 1398–1399, 1398f,  

1404–1406, 1405f, 1408f, 1422–1428
for abscess and osteomyelitis, 1406, 1408f
border-ray resection, 1405, 1406f
Boyd and Pirogoff amputations, 1427–1428

prosthetic and biomechanical considerations, 
1428

surgical considerations, 1428
central-ray resection, 1405–1406, 1407f
Chopart procedure, 1427

prosthetic and biomechanical considerations, 
1427

surgical considerations, 1427, 1427f
lateral, 1406, 1407f
levels of, 1398f, 1422, 1422f
Lisfranc amputation, 1426–1427

prosthetic and biomechanical considerations, 
1426–1427

surgical considerations, 1426
molded insole for, 1406, 1408f
multiple-ray resections, 1406
phalangeal amputation, 1422–1423

prosthetic and biomechanical considerations, 
1423

surgical considerations, 1422, 1423f
plantar scar tissue, 1422, 1422f
ray amputation, 1423–1425

prosthetic and biomechanical considerations, 
1425

surgical considerations, 1423–1424, 1424f
recurrent ulceration after, 1406, 1408f
transmetatarsal amputation, 1425–1426

prosthetic and biomechanical considerations, 
1425–1426, 1425f, 1426f

surgical considerations, 1425
Partial plantar fascia release, with first branch 

lateral plantar nerve release, 513
Partial proximal phalangectomy (lesser toes), 325, 

327f, 328f
and syndactylization, 328f, 377

alternative surgical technique, 377
postoperative care, 377
surgical technique, 377

Partial toe amputation, 1404, 1404f
Particulated juvenile cartilage allograft (PJCAT), 

1735–1736
Parvovirus B19, 631
Pasteurella multocida infection, 1382

Pantalar arthritis (Continued)
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Patellar tendon bearing (PTB) prosthesis, 
1432–1433

Patient-specific instrumentation, total ankle 
replacement, 962

Pediatric melanoma, 636
Pedicle muscle flaps, 1800
Pedobarographics, total ankle replacement, 959
Peek-a-boo heel, 38–39, 39f
Penetrating wounds, 613
Percutaneous heel cord lengthening, 754, 754f
Percutaneous modified Essex-Lopresti technique, 

1917–1919
postoperative care, 1919, 1920f
surgical technique, 1917–1919, 1918f, 1919f

Percutaneous reduction and fixation, 1907
Percutaneous tendon Achilles lengthening, 1347f
Periarticular tibial deformity, 942–943
Perionychium, 551
Periosteal chondromas, 660
Peripheral nerve, 676
Peripheral nerve block

continuous, 129–130
ultrasound guided, 129

Peripheral nerve entrapment, postoperative, 205
Peripheral nerve evaluation, 40–41, 41f
Peripheral nerve injury

in lower extremity, 765
peroneal nerve injury in, 764–765

Peripheral nerve pathology, imaging of, 96, 99f
Peripheral nerve stimulation, for failed tarsal tunnel 

release, 713
postoperative care, 713
results, 713
technique, 713

Peripheral neuropathy, 1331–1332, 1332f, 1333f, 
1348–1349

Peripheral vascular disease, 1349–1350
Periprosthetic joint infection (PJI), 1377, 1378t
Periungual fibroma, 561
Periungual verruca, 580
Pernio, 628
Peroneal groove deepening, endoscopic,  

1691–1692, 1693f
Peroneal muscular atrophy (PMA), 1289
Peroneal nerve anatomy, 128, 130f
Peroneal nerve injury, 764–765

Bridle procedure, 764–765
posterior tibial tendon transfer, 764

Peroneal retinaculum, Ellis-Jones reconstruction, 
1205f

Peroneal tendons, 1174–1213. See also Peroneus 
brevis tendon; Peroneus longus tendon

anatomic dissections of, 1174f
calcaneofibular ligament, 1207f, 1208f
chronic dislocation, 1205f
dislocations

gradations, 1199, 1200t
grades of, 1199, 1200b

dual tear treatment of, 1185f
endoscopic treatment of injury, 1671–1672

indications/contraindications, 1671
postoperative care, 1672
preoperative evaluation and planning, 

1671–1672
surgical technique, 1672, 1672f

enlarged peroneal tubercle leading to 
dysfunction, 1178–1179, 1180f

gouty infiltration of, 1178, 1179f

magnetic resonance imaging, 1176–1177, 1177f
peroneal tendon subluxation-dislocation, 

1198–1213
anatomy, 1198, 1199f
bone-block procedures, 1205, 1208f, 1209f
chronic dislocation, 1202–1204, 1205f
conservative treatment of acute dislocation, 

1200
direct superior peroneal retinaculum repair, 

1202, 1202f
groove-deepening procedures, 1205, 1209f, 

1210f
groove deepening with posterior 

osteocartilaginous flap, 1205–1209, 1211f, 
1212f

history and physical examination, 1199–1200, 
1201f

intrasheath peroneal subluxation, 1210–1213, 
1212f, 1213f

magnetic resonance imaging, 1200, 1201f
mechanism of injury, 1198–1199, 1200f
radiographic examination, 1200, 1201f
results and complications, 1209–1210
superior peroneal retinaculum reinforcement 

and repair, 1204
surgical treatment, 1200–1209, 1202f, 1203f, 

1204f, 1205f
tendon-rerouting techniques, 1204–1205, 

1206f, 1207f, 1208f
tissue-transfer techniques, 1204, 1205f

peroneus brevis, 1186–1197
anatomy, 1186
conservative treatment, 1189
etiology, 1186–1188, 1186f, 1187f, 1188f
history and physical examination, 1188–1189
and longus tendons, 1197–1198
radiographic examination, 1189
results and complications, 1195–1197, 1197f
splits (tears) in, 1186, 1187b, 1187f
surgical treatment, 1189–1195, 1189f, 1190f, 

1191f, 1192f, 1193f, 1194f, 1195f, 1196f
peroneus longus, 1174–1186

anatomy, 1174–1175, 1174f, 1175f, 1176f
longitudinal tears and degeneration, 1183–

1186, 1185f
magnetic resonance imaging, 1174, 1175f
pathology, 1175, 1175f
peroneus longus disruption, 1178–1183, 1179f, 

1180f
stenosing tenosynovitis, 1175–1178

Platzgummer method, dislocating, 1206f
subluxation of, 1201f, 1204f
tenosynovectomy, 1177, 1178f

Peroneal tendon subluxation-dislocation, 
1198–1213

anatomy, 1198, 1199f
bone-block procedures, 1205, 1208f, 1209f
chronic dislocation, 1202–1204, 1205f
classification of, 1200f
conservative treatment of acute dislocation, 1200
direct superior peroneal retinaculum repair, 

1202, 1202f
groove-deepening procedures, 1205, 1209f,  

1210f
groove deepening with posterior 

osteocartilaginous flap, 1205–1209, 1211f, 
1212f

history and physical examination, 1199–1200, 1201f
intrasheath peroneal subluxation, 1210–1213, 

1212f, 1213f
magnetic resonance imaging, 1200, 1201f
mechanism of injury, 1198–1199, 1200f
radiographic examination, 1200, 1201f
results and complications, 1209–1210
superior peroneal retinaculum reinforcement 

and repair, 1204
surgical treatment, 1200–1209, 1202f, 1203f, 

1204f, 1205f
tendon-rerouting techniques, 1204–1205, 1206f, 

1207f, 1208f
tissue-transfer techniques, 1204, 1205f

Peroneal tenogram, 1176, 1176f
Peroneal tubercle, 1895
Peroneus brevis, 1186–1197

anatomy, 1186
conservative treatment, 1189
distal muscle of, 1185f
distal repair, 1193f
etiology, 1186–1188, 1186f, 1187f, 1188f
history and physical examination, 1188–1189
lateral view, 1174f
and longus tendons, 1197–1198
radiographic examination, 1189
results and complications, 1195–1197, 1197f
splits (tears) in, 1186, 1187b, 1187f
surgical treatment, 1189–1195, 1189f, 1190f, 

1191f, 1192f, 1193f, 1194f, 1195f,  
1196f

tear
resection technique, 1190f
tubularization technique, 1189f

tenodesis of, 1194f
turn-down technique of repair, 1192f

Peroneus brevis tendon transfer of, in delayed 
repair of Achilles tendon rupture, 1574, 
1575f

Peroneus longus, 1174–1186
anatomy, 1174–1175, 1174f, 1175f, 1176f
lateral and plantar view, 1174f
longitudinal tears and degeneration, 1183–1186, 

1185f
magnetic resonance imaging, 1174, 1175f
pathology, 1175, 1175f
peroneus longus disruption, 1178–1183, 1179f, 

1180f
stenosing tenosynovitis, 1175–1178
tenodesis of, 1194f

Peroneus longus disruption, 1178–1183, 1179f, 
1180f

conservative treatment, 1180
history and physical examination, 1179–1180
magnetic resonance imaging, 1180, 1182f
radiographic examination, 1180, 1181f, 1182f, 

1183f
surgical treatment, 1180–1182, 1184f

Peroneus longus tendon, 2000–2002
isolation of, 35
transfer of, in Charcot-Marie-Tooth disease, 

741–742
Peroneus longus to brevis transfer,  

1299–1300
Peroneus muscle assessment, 46
Pes cavovarus treatment algorithm, 1297f

Peroneal tendons (Continued) Peroneal tendon subluxation-dislocation 
(Continued)
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Pes cavus, 1288
3D biometrics, 1295
biomechanical consequences of, 1292–1294
bony procedures, 1301–1305

arthrodesis, 1305
calcaneal osteotomies, 1302–1305
dorsiflexion osteotomy of the first ray,  

1301–1302, 1301f, 1302f
midtarsal osteotomies, 1305, 1305f, 1306f

Coleman block test, 1294–1295
congenital, 1291
deformity evolution, 1291–1292

Charcot-Marie-Tooth disease, 1289, 1290t, 
1292, 1292f

hindfoot cavus, 1291–1292, 1291f
metatarsophalangeal joint, 1292, 1293f
plantar fascia, 1292, 1293f
varus heel, 1292, 1294f

etiology, 1288–1291, 1289t
Charcot-Marie-Tooth disease, 1288–1290, 1290t
congenital pes cavus, 1291
idiopathic cavus foot, 1291
in other neurologic lesions, 1290–1291
poliomyelitis, 1290
posttraumatic cavovarus foot deformities, 1291

evaluation and treatment of, 1294–1306
foot and ankle offset, 1295, 1296f
forefoot/hindfoot offset, 1295
hindfoot alignment angle, 1295–1296
investigations, 1295–1296
nonoperative treatment, 1296
observations in standing examination, 38–39, 39f
physical examination, 1294–1295
soft tissue procedures, 1298–1301

claw toe corrections, 1300
extensor hallucis longus tendon transfer, 1299
first-toe Jones procedure, 1298–1299
interphalangeal joint arthrodesis, 1298–1301
lateral ligament repair/reconstruction, 

1300–1301
peroneus longus to brevis transfer, 1299–1300
plantar fascia release (Steindler stripping), 

1298
posterior tibialis transfer, 1300
special cases, 1303
tibialis anterior transfer to third cuneiform, 

1300
surgical treatment, 1296–1298

decision making, 1296–1297
dorsiflexion osteotomy of the first ray, 1301
Dwyer calcaneal osteotomy, 1302–1303, 1302f
first-toe Jones procedure, 1298–1299
incision planning, 1297–1298, 1298f
minimally invasive lateralizing calcaneal 

osteotomies, 1303–1304, 1303b, 1304f
Steindler stripping, 1298
tibialis anterior transfer to third cuneiform, 

1300
treatment algorithm, 1297f

weightbearing computed tomography, 1295, 
1296f

Pes planovalgus, in rheumatoid arthritis, 794, 795f, 
796

Pes planus, 1230
accessory navicular in, 1773
congenital, 1764–1773

flexible, 1764–1766. See also Flexible flatfoot
rigid, 1766–1773. See also Rigid flatfoot

and development of hallux valgus, 164–166, 164f
and intractable plantar keratoses, 521f
observations in standing examination, 38, 38f
progressive collapsing foot deformity, 1230–1282

anatomy and function of, 1231–1232
clinical staging, 1239–1240, 1239t
etiology, 1233–1236
flexible deformity, 1251–1278
history, 1231
pathophysiology of, 1232–1233
physical findings, 1236–1240, 1237f,  

1238f
posterior tibial tendon. See Posterior tibial 

tendon
tibialis posterior tenosynovitis, 1249–1251

in rheumatoid arthritis, 796f, 798
Phalangeal closing wedge osteotomy (Akinette), 

360f, 362–363
Phalangeal osteotomy, 215f
Phalangeal-sesamoid ligament, 435
Phalanges, 2026–2027. See also Hallux; Lesser toe(s)

fractures of, 2026–2032
clinical evaluation, 2029
mechanism of injury, 2028–2029, 2042f
treatment of hallucal fractures, 2029–2030
treatment of lesser toe fractures, 2030–2032

great toe metatarsophalangeal disarticulation, 
1403, 1404f

great toe through proximal phalanx base,  
1402–1404, 1403f

lesser toe(s), 1404, 1404f, 1405f
Phenol block, of tibial nerve, 761
Phenol matrixectomy, 590f
Photoplethysmography, 1812
Physical examination

routine, 28
sequence in, 29

gait exam, 47–48, 48f
prone exam, 47
shoe exam, 48–49
sitting exam, 39–47, 41f
standing exam, 37–39, 38f, 39f, 40f, 41f
supine exam, 47

topographic, 29–37
of ankle and hindfoot, 29–34
of anterior ankle, 31–33, 32f, 33f
of forefoot, 36–37, 36f, 37f
of lateral ankle, 29, 29f, 30f
of medial ankle, 30–31, 30f, 31f
of midfoot, 34–36, 35f
of plantar hindfoot, 34, 34f
of posterior ankle, 31, 32f

Physical therapy, in treatment of rheumatoid 
arthritis, 809

Piano key test, 796, 797f
Pigmented villonodular synovitis, 645

flexor hallucis longus, 1165f
Pilon fractures, 1821

anatomy involved in, 1821–1822
classification of, 1822–1823
complications of surgery in, 1846–1850

deep infection, 1846–1849, 1848f
fixation failure, 1849, 1849f
nonunion, 1849–1850
posttraumatic arthritis, 1850, 1850f
wound healing, 1846

external fixation of, 1840–1845

articular reduction/frame application,  
1840–1844, 1842f, 1843f

using Ilizarov techniques, 1841–1844
using limited incisions and external fixation, 

1841
frame application without articular reduction, 

1844–1845, 1844f
initial evaluation, 1823–1824, 1826f
injuries associated with, 1824
mechanism of injury in, 1822, 1824f
primary arthrodesis of, 1845–1846, 1845f, 1847f

postoperative care, 1846
surgical technique, 1846

staged open reduction/internal fixation, 
1827–1840

definitive fixation, 1833–1840, 1834f, 1836f, 1837f
external fixation, 1830–1833, 1833f
fibular fixation, 1827, 1829f–1830f, 1831f
limited tibial fixation, 1827–1830, 1832f
single-stage tibial fixation, 1830

treatment, evolution of, 1824–1827
percutaneous plating techniques, 1827

Pincer nail, 553b–554b, 568, 574f
Pincer nail deformity, 574f
PIP joint, in claw toe deformity, 341, 342f
Pirogoff amputations, 1427–1428

prosthetic and biomechanical considerations, 
1428

surgical considerations, 1428
Pitted keratolysis, 620, 620f, 630
Pitting, nail, 553b–554b
Plantar aponeurosis, 7–8, 8f, 9f, 157f. See also 

plantar fascia entries
and first ray mobility, 167–168, 168f
palpation of, 46, 46f

Plantar bromhidrosis, 615–620
Plantar condylectomy, 362, 365f
Plantar ecchymosis, 508f, 2005, 2008f
Plantar fascia, 34, 34f, 505–506, 506f, 1673–1675, 

1673f, 2002
deformity, 1292, 1293f
and gait biomechanics, 24
windlass test of, 508–509, 509f

Plantar fascia release
in Charcot-Marie-Tooth disease, 739
endoscopic, 1673–1675

indications/contraindications, 1673
portals, 1674, 1674f
postoperative care, 1675
preoperative evaluation and planning, 1674
results and complications, 1675
surgical technique, 1674–1675, 1674f

Steindler stripping, 1298
postoperative care, 1298
surgical technique, 1298

Plantar fascia-specific stretch (PFSS) protocol, 510, 
510f

Plantar fasciitis
conservative treatment, 510–512

antiinflammatories, 511
casting/immobilization, 511
extracorporeal shock wave therapy, 512, 512f
first follow-up visit after, 513
injections, 511–512
orthotics, 511
preferred methods, 512–513
stretching, 510–511, 510f

Pes planus (Continued) Pilon fractures (Continued)
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extracorporeal shock wave therapy for, 120
and first branch of lateral plantar nerve, 715–717
heel pain associated with, 507

persistent, after conservative treatment, 513
surgeries for, 513–516

endoscopic plantar fascia release, 513–514
gastrocnemius recession, 514
partial plantar fascia release/first branch lateral 

plantar nerve release, 513
plantar fascia release/tarsal tunnel release, 513
preferred, 514–516
in young/middle-age patient, 514–516

Plantar fat pad, rheumatoid, 801
Plantar fibromas and fibromatosis, 645

plantar heel pain associated with, 509
Plantar-flexion arthrodesis, of naviculomedial 

cuneiform articulation, 757–758
Plantar-flexion deformity, first metatarsal 

osteotomy, 290, 291f
Plantar-flexion opening-wedge (cotton) osteotomy 

of the medial cuneiform, 1263–1266
contraindications, 1263–1264
indications, 1263
preoperative evaluation and planning, 1264–1265
surgical technique, 1264–1265, 1266f

Plantar forefoot callosities, 809, 810f
Plantar heel pain

after calcaneal fracture and surgical repair, 1933
anatomical areas of, 505–506
conservative treatment of, 510–513

in heel fat pad atrophy, 512. See also under 
Heel pad

differential diagnosis of, 507, 507b
epidemiology of, 505
etiology of, 506–507
in heel fat pad atrophy, 512
imaging and other diagnostics for, 509–510
patient history, 507–508
physical examination in, 508–509, 508f
in proximal plantar fasciitis, 510–512
surgical treatment of, 513–516. See also under 

Plantar fasciitis
Plantar hindfoot, surface anatomy, 34, 34f
Plantar intertarsal and intermetatarsal ligaments, 

2000, 2002f
Plantar keratoderma, 629–630, 629f
Plantar keratoses, 519–541. See also Intractable 

plantar keratoses
types of, 525

Plantar plate, and collateral ligaments
of hallux, 435, 437f
of lesser toes, 307–308, 308f

Plantar plate repair, 365–367
postoperative care, 367
results of, 371
surgical technique, 365–367, 369f–370f, 371f

Plantar plate tear, 344–345
anatomic grading of, 346t, 347f, 348f
physical examination and test in, 314, 315f, 

347–349
surgical repair of, 358–359, 359f. See also Plantar 

plate repair
Plantar pressure, 18–23
Plantar pressure, in gait kinetics

Achilles tendon and plantar fascia influence on, 
24

body weight, 23

data representation
ground force reaction, 20, 21f
peak pressure, 20, 24f
plantar loading pattern, 21
timing, 20–21

measurement methods
direct measurement, 19
finite element modeling, 20
force plates, 19–20
optically based, 19
pressure transducer, 20, 22f
system-specific and analysis-dependent factor, 

20
measurement variations and variables

body weight, 23
drift and calibration, 22
gait method, 21
individual gait variability, 23
midgait method, 21
peak pressures, 22
subject-specific characteristics, 22–23, 22f
walking speed, 21

whole body kinetics, 18–23
Plantar pressure kinetics, 23
Plantar rheumatoid nodule (cyst), 807f
Plantar scar formation, 457, 458f, 546, 546f
Plantar scar tissue, partial foot amputation, 1422, 

1422f
Plantar sweating, 615–620

treatment of, 616–620, 617t, 619f
antiperspirants, 618
botulinum toxin, 618, 618f
Drysol, 618
homeopathic, 617–618
iontophoresis, 618, 618f
lumbar sympathectomy, 619
oral anticholinergics, 618–619
silver antimicrobials, 618
topical antibiotics, 620

Plantar ulcer, and central ray resection, 1405–1406, 
1407f

Plantar warts, 632, 632f
Plantigrade Charcot foot, 1353f
Plaque psoriasis, 634, 635f
Plaques. See Papules, plaques, nodules
Plastic nail edge advancement, 587f
Platelet-rich plasma (PRP) injections, 119–120
Platelet-rich plasma treatment, 1578
Platzgummer method, dislocating peroneal 

tendons, 1206f
Pneumatic braces, in lateral ankle sprains, 1470, 

1470f
Pneumatic long-leg brace, 1457
Poliomyelitis, 1290

foot deformity in, 1290
forefoot cavus, 1290
hindfoot cavus, 1290
other, 1290

Polydactyly, 1773–1775
of fifth toe, 1775, 1775f
ossification anomaly associated with, 1775
treatment of, 1775
Venn-Watson classification of, 1774–1775, 1774f

Polydactyly-syndactyly deformity, 1775, 1775f
Polyethylene wear and failure, 978–980, 978f, 979f
Polymethyl methacrylate (PMMA) beads, 1795
Polyonychia, 558

Polypropylene ankle–foot orthosis (AFO) brace, 
808, 809f

Polysurgical foot cripple, 620–621
history, 620–621
physical examination, 621

Polysurgical patients, 621
Polysyndactyly, 1775
Pompholyx, 633
Ponseti method, of clubfoot correction, 1757–1758
Popliteal artery entrapment syndrome, 1459–1461

classification, 1460
clinical evaluation, 1460
definition of, 1459
diagnostic studies, 1460, 1460f
historical perspective on, 1459–1460
incidence of, 1460
treatment of, 1460–1461

Popliteal fossa
sciatic nerve block, 130, 133t
ultrasound imaging of, 130, 132f, 134f

Positron emission tomography (PET), of diabetic 
foot, 1340

Posterior arthroscopic subtalar arthrodesis 
(PASTA), 1686–1691

indications/contraindications, 1686–1687, 1686f, 
1687f

postoperative care, 1691
preoperative evaluation and planning, 1687–

1688, 1687f, 1688f
results and complications, 1690t, 1691
surgical technique, 1688–1691, 1688f, 1689f

Posterior bony impingement, 1646
Posterior calf muscles, 8–9
Posterior inferior tibiofibular ligament, 1480, 1636

subtypes of, 1636
Posterior leaf spring ankle foot orthosis (PLS AFO), 

116
Posterior main fragment, 1897
Posterior malleolus fracture, 1871–1873

techniques for fixation of, 1872–1873, 1878f, 
1879f, 1880f

Posterior soft tissue impingement, arthroscopic 
treatment, 1636–1637, 1637f, 1638f, 1639f

Posterior talofibular ligament, 1461, 1636,  
1854–1855, 1856f

Posterior tendon transfer, 1220
Posterior tibialis transfer, 1300
Posterior tibial tendon

anatomy and function of, 1231–1232
clinical staging, 1239–1240, 1239t
conservative treatment, 1245–1249

ankle–foot orthosis, 1248–1249, 1248f
Arizona brace, 1248f
exercises, 1246, 1247f
medication, 1246
orthotics and bracing, 1246–1249, 1247f, 1248f
rest and activity modification, 1246
University of California Biomechanics 

Laboratory (UCBL), 1247, 1247f
dysfunction, 1232–1233
endoscopy of, 1672–1673
etiology of, 1233–1236

acute, 1233–1234
anatomic factors, 1236
blood supply, 1235–1236
chronic, 1234–1236
inflammation, 1234–1235
mucinous degeneration, 1234

Plantar fasciitis (Continued) Plantar pressure, in gait kinetics (Continued)
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examination of, 31, 32f
imaging evaluation, 1240–1245

computed tomography, 1242–1243
magnetic resonance imaging, 1243–1244, 

1243f, 1244f
radiography, 1240–1242, 1240f, 1241f,  

1242f
ultrasonography, 1244–1245, 1245f

pathology in, 1253f
physical findings, 1236–1240, 1237f,  

1238f
rigid deformity, 1278–1282
sesamoid of, 479, 479f

anatomy and incidence of, 479, 479f
clinical significance of, 479, 479f

synovitis of, 1250f
tibialis posterior tenosynovitis

surgical treatment for, 1249–1251
Posterior tibial tendon dysfunction, endoscopic 

treatment of, 1672–1673
indications/contraindications, 1672
postoperative care, 1673
preoperative evaluation and diagnosis, 1672
results and complications, 1673
surgical technique, 1672–1673, 1673f

Posterior tibial tendon subluxation–dislocation, 
1213–1214

anatomy, 1213–1214, 1214f
repair dislocating posterior tibial tendon, 1214, 

1215f
results, 1214
surgical treatment, 1214

Posterior tibial tendon transfer(s)
in Charcot-Marie-Tooth disease, 742–743
to dorsum of foot, 1217–1219, 1220f
split, 764

Posterolateral tubercle fractures (talus), 1970
evaluation of, 1970

radiologic, 1970–1971, 1972f
mechanism of injury in, 1970
treatment of, 1971–1972

preferred method, 1972, 1972f
results, 1972–1973

Postinfectious arthritis, 866
Postoperative infections. See Surgical wound 

infections
Postpolio syndrome, 765–766
Posttraumatic arthritis

in ankle, pathogenesis of, 865–866
associated with ankle fractures, 1850, 1885–1886
associated with calcaneal fractures, 1927–1928

calcaneocuboid joint, 1928
subtalar joint, 1927–1928

associated with Lisfranc joint injuries, 2013
associated with pilon fractures, 1850, 1850f
associated with talar fractures, 1964–1965

Posttraumatic avascular necrosis of talus,  
1024–1026, 1025f

Posttraumatic cavovarus foot deformities, 1291
Posttraumatic fat necrosis, imaging in, 103f
Posttraumatic subtalar arthrodesis, 1026
Post-traumatic tibial deformity, total ankle 

replacement, 940–942, 941f
Power reamers, 826–827
Prayer sign, 1333f
Pre-exercise/pre-participation stretching, 1447
Pregabalin (Lyrica), 141

Prenatal development, of foot
embryology, 1753
genetics, 1754
growth and development, 1753–1754

Preparatory prosthesis, 1434–1435
Pressure wounds, 1783
Primary arthritis, 866–868
Primary arthrodesis

pilon fractures, 1845–1846, 1845f, 1847f
postoperative care, 1846
surgical technique, 1846

for type IV fractures, 1908–1910, 1910f
Probe-to-bone test, 1342, 1342f, 1344
Procurvatum (apex anterior) deformity, 1310, 1310f
Progressive ankle coronal plane deformity, 1051, 

1052f
Progressive collapsing foot deformity, 1230–1282

anatomy and function of, 1231–1232
clinical staging, 1239–1240, 1239t
etiology, 1233–1236
flexible deformity, 1251–1278
history, 1231
pathophysiology of, 1232–1233
physical findings, 1236–1240, 1237f, 1238f
posterior tibial tendon. See Posterior tibial 

tendon
tibialis posterior tenosynovitis, 1249–1251

Progressive collapsing foot disorder
single and double arthrodesis, 1280
subtalar arthrodesis to, 1278–1280

Progressive intracomponent instability and 
deformity, 973–976, 975f

Prostheses, and biomechanical considerations, 
1421–1422

in ankle disarticulation (Syme amputation), 
1429–1430, 1429f, 1430f

in Boyd and Pirogoff amputations, 1428
in Chopart procedure, 1427
feet and footwear, 1435, 1436f
force transmission in prosthetic gait, 1436–1437
in Lisfranc amputation, 1426–1427
in phalangeal amputation, 1423, 1424f
in ray amputation, 1425
in talar salvage, 1977
in transmetatarsal amputation, 1425–1426

ankle-foot orthoses, 1425f
Lange partial foot prosthesis, 1426f
pressures, 1426f
rocker bottom sole, 1426f

in transtibial amputation, 1432–1434
prosthetic socks, 1434
suspension mechanisms, 1434, 1435f
transtibial socket and limb interface, 1434
transtibial socket design, 1432–1434, 1434f

Prosthetic feet, and footwear, 1435, 1436f
categories of, 1435
component material for, 1435

Prosthetic socks, transtibial amputation, 1434
Pro-Toe implant (Wright Medical), 303
Proximal fibula, anterioposterior view, 60f
Proximal fifth metatarsal osteotomie, 425–430

contraindications, 425
indications, 425
postoperative care, 427
results and complications, 427
surgical technique, 427–428, 428f

Proximal interphalangea (PIP) joint arthrodesis, 
319–320

Proximal metatarsal osteotomy, recurrent hallux 
varus deformity, 300, 300f, 301f

Proximal nail fold, 551
Proximal phalangeal articular angle (PPAA), 180
Proximal phalangeal osteotomy, 1087–1088

complications after
avascular necrosis, 295
base resection, 295–296, 295f
flexor hallucis longus adhesions, 295
malunion, 295
metatarsophalangeal joint violation, 295
nonunion, 295, 295f

postoperative care, 1087
results and complications, 1088
surgical technique, 1087, 1087f

Proximal subungual onychomycosis, 570, 572
Pseudogout. See Calcium pyrophosphate dihydrate 

deposition disease
Pseudomonal infections

of nail, 631
of skin, 631

Pseudomonas osteomyelitis, 613
Psoriasis, 634–635, 635f

management, 635
of toenail, 553–554, 554f

Psoriasis pustulosis, 845
Psoriasis vulgaris, 845
Psoriatic arthritis, 843–848

with arthritis mutilans, 845, 847
diagnosis of, 845

joint examination, 847
incidence of, 843–845
nail changes, 846f
skin lesions associated with, 845, 845f
treatment of, 847–848

Psychiatric aspects, of pain, 621–622
Psychiatric illness, 622
Pterygium, 553b–554b, 580
Pulsing electromagnetic fields (PEMFs), 1458
Puncture wounds, 612, 1389–1390, 1390f

osteomyelitis resulting from, 1389
Pustular psoriasis, 634
Pyodermas, of toenail, 555
Pyogenic granuloma, 580, 581f, 636

Q
Quadruple gracilis tendon graft, anterior tibial 

tendon with, 1149f

R
Racquet-type incision, for amputation, 1403, 1403f
Radial forearm flap, 1807, 1809f
Radial shock wave therapy (rESWT), 120
Radiation burns, 605
Radiofrequency ablation, for interdigital neuroma, 

683–684
Radiographic evaluation, 52–53, 1313–1314, 1316f

anteroposterior (AP) foot, 1313, 1316f
diagnostic views in, 52–53

alignment and joint space assessment, 52–53
ankle impingement, 58f
ankle instability, 61f, 62f
ankle trauma, 60f, 61f
heel, 63f
navicular, 63f

Posterior tibial tendon (Continued)
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routine ankle series, 53f
routine foot series, 54f, 55f
sesamoids, 66f, 67f
talocalcaneal coalition, 59f, 60f
talus, 64f
tarsometatarsal joints, 65f
toes, 66f

digital vs. plain, 1313–1314
effective, 52
fifty-one inch antero-posterior (AP) radiograph, 

1312, 1315f
and film interpretation, 52, 52f
in rheumatoid arthritis, 806–807
weight bearing views, 52–53, 1313b, 1314f

advantages of, 57f
anteroposterior view of ankles, 55f
anteroposterior view of feet, 56f
of infant feet, 57f
lateral view of feet, 56f

Radiopharmaceuticals, 57
Randomized control trials (RCT), 109
Ray amputation, 1404–1406, 1423–1425

border-ray resection, 1405, 1406f
central-ray resection, 1405–1406, 1407f
lateral, 1406, 1407f
multiple-ray resections, 1406
prosthetic and biomechanical considerations, 

1425
recurrent ulceration after, 1406, 1408f
surgical considerations, 1423–1424, 1424f

Reactive arthritis, 848–849
presentation and etiology, 848–849
treatment of, 849

Rectus abdominis flap, 1805–1806, 1806f
Recurrent interdigital neuroma(s), 689–693

diagnosis of, 690–692
treatment

conservative management, 692
surgical excision of, 692–693

Recurvatum (apex posterior) deformity, 1310, 1310f
Reduction osteoplasty, 1811
Reefing of second metatarsophalangeal joint 

capsule, 361, 362f, 363f
Reflex sympathetic dystrophy. See Complex 

regional pain syndrome
Regional anesthesia, 128–132

continuous peripheral nerve block, 129–130
nerve blocks above the knee, 130
nerve blocks below the knee, 130–132
ultrasound guided peripheral nerve block, 129

Relaxation therapy, for complex regional pain 
syndrome, 779

Residual clubfoot, 1291
in older children, 1760–1762
treatment of, 1762t

Residual disease classification, 644, 644t
Residual hindfoot equinus, 1760
Retrocalcaneal bursitis, 1679–1681. See also 

Haglund deformity
conservative treatment of, 1679–1680
endoscopic treatment of, 1679–1681

anatomy, 1679
indications/contraindications, 1679
postoperative care, 1680
preoperative evaluation and planning, 1679
results and complications, 1680–1681
surgical technique, 1680–1681, 1680f

portals, 1680, 1680f
positioning, tourniquet, anesthesia, and 

equipment, 1680
signs and symptoms of, 1679

Retrocalcaneal decompression, endoscopic, 
1552–1555

Retrocalcaneal nail, delayed fracture, 1064f
Revascularization, 1797
Reverse sural fasciocutaneous flap, 1800–1802

complications of, 1802–1804
surgical technique, 1802, 1803f

Revision neurolysis, in failed tarsal tunnel release, 
704–708

and vein wrap procedure, 705–708
postoperative care, 705
results, 705–708
surgical technique, 705

Revision total ankle replacement (TAR), 983–986, 
985f, 986t, 987f, 988f, 990f, 991f, 991t

Revision with saphenous vein wrap, 705–708
Rheumatoid arthritis, 800, 866

in ankle, arthroscopic treatment, 1630–1631
indications/contraindications, 1631
preoperative evaluation/planning, 1631
results and complications, 1631
synovectomy technique, 1631

clinical diagnosis, 807–808
conservative management, 808–810
conservative treatment of, 512, 808–810

complications, 808
diagnosis of, 806–807
disease-modifying antirheumatic drugs, 804–805
forefoot

disease progression, 801–802
pathophysiology, 800–801
reconstruction in, 816–823

gait analysis in patients, 804
gait training in, 809
histopathologic examination, 806
history and physical examination, 800–804
imaging modalities, 804–805

magnetic resonance, 805, 807f
microscopic examination, 806, 808f
pan-metatarsophalangeal joint arthrodesis, 823
physical therapy, 809
plantar fat pad, 801
problems associated with, 837–838
repeat surgery, 823
stages in development of

in forefoot, 800–802
in hindfoot, 803–804, 804f, 805f
in midfoot, 802–803, 803f

surgical treatment of, 807–823, 810f, 811f
first metatarsophalangeal joint arthrodesis, 

821–834
first metatarsophalangeal joint arthroplasty, 

822–823
interpositional graft, 832–834
intramedullary fixation, 830–832
joint preserving forefoot surgery, 835–837
lesser metatarsophalangeal joint resection 

arthroplasty, 816–823
lesser metatarsophalangeal joint synovectomy, 

812
repeat, 823
rheumatoid hammer toe repair, 812–816

transmetatarsal amputation, 823

treatment of, 807–810, 817f
conservative, 512, 808–810
pharmacologic, 807–808
pharmacologic agents, 807–808
surgical, 807–810

Rheumatoid foot, splaying, 838
Rheumatoid hammer toe repair, 812–816

in rheumatoid arthritis, 812–816
closed osteoclasis treatment, 814
surgical treatment, 812–814

first MTP joint arthrodesis and lesser MTP 
joint arthroplasty, 821–822

postoperative care, 814
results and complications, 814–816
technique, 812–814

Rheumatoid nodule or cyst, 838
RICE treatment

of lateral ankle sprains, 1470, 1470f
of muscle strain, 1459

Rigid deformity
single and double arthrodesis, 1280
subtalar arthrodesis, 1278–1280
surgical treatments for, 1278–1282
triple arthrodesis, 1280–1282, 1281f

Rigid flatfoot, congenital conditions associated 
with, 1766–1773

accessory navicular, 1773
calcaneonavicular coalition, 1767–1768, 1767f, 

1768f
congenital vertical talus, 1769–1771, 1770f, 1771f
correction of vertical talus, 1771–1773, 1772f
talocalcaneal coalition, 1768–1769, 1769f
tarsal coalition, 1766–1767

Rigid orthoses, 115–116
Ring fixation, in deformity correction, 1315–1317

ankle and subtalar contracture, 1325–1326. 
See also Ankle, and subtalar contracture

ankle arthritis, 1321–1322. See also Ankle 
distraction arthroplasty

equinus ankle deformity, 1325–1326
foot deformities, 1326–1327. See also Foot 

deformities
static mode, 1327–1328
supramalleolar deformities, 1315–1317. See also 

Supramalleolar deformities
Robbins and Hanna hypothesis, 1450
Rocker sole, 1339f
Rocker-soled shoes, 318f, 1125f

conditions benefiting from
bunion treatment in athletes, 1519–1520,  

1519f
secondary neuralgia, 683
transmetatarsal amputation, 1425, 1426f

Rotational deformity(ies), 1310, 1310f
computed tomographic measurement of,  

1311–1312, 1315f
and influence on coronal plane angular 

measurements, 1312
measurement of, 1311
radiographic measurement of, 1312

Rotational malalignment, 1310
Roussy-Lévy syndrome, 1290
Routine ankle series, 52–53, 53f
Routine foot series, 52–53, 54f, 55f
Rubella, 631
Rüedi classification, of pilon fractures, 1822,  

1825f

Radiographic evaluation (Continued) Retrocalcaneal bursitis (Continued) Rheumatoid arthritis (Continued)
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Ruiz-Mora procedure, for cock-up fifth toe, 
385–387

postoperative care in, 386
results and complications of, 386, 387f
surgical technique, 385–386, 387f

Running cycle
component mechanics, 12–13
gait kinetics of, 24–25

Running, joint dorsiflexion-plantar flexion, 12f

S
Sagittal (lateral) plane alignment, 1310–1311, 1310f, 

1313f
Sagittal plane deformities, 1311, 1313f, 1314f
Salto Talaris total ankle replacement, 920–922, 922f
Saltzman weight-bearing radiograph, 1310, 1311f, 

1312f
Salvage procedures, of joint replacement, 

1115–1124
first metatarsophalangeal implant resection 

arthroplasty, 1116–1117
postoperative care, 1117
surgical technique, 1116–1117, 1119f

first metatarsophalangeal joint interpositional 
arthrodesis, 1117–1124

failed total toe implant, 1118, 1122f
postoperative care, 1118, 1122f
results and complications, 1118–1124, 1123f, 

1124f
surgical technique, 1117–1118, 1120f, 1121f

silicon implant, 1115–1116
postoperative care, 1116
surgical technique, 1115–1116, 1119f

Sanders classification, of calcaneal fractures,  
1901–1903, 1903f

type I, 1903f
type II, 793, 793f, 1904f
type III, 1904f
type IV, 1904f

Sand toe, 2022, 2035f
Saphenous nerve, 127–128, 705

anatomy and distribution, 128f, 136f
block

above knee, 130, 136f
below the knee, 130, 138f, 138t

Saphenous nerve entrapment
anatomy, 728
etiology of, 728
evaluation of, 728
nonoperative management, 728
physical examination, 728
surgical treatment of, 728

Saphenous vein flap, 1801f
Sausage toe, 848–849, 848f
Scabies, 629
Scandinavian total ankle replacement, 921f
Scapular flap, 1807–1809, 1810f
Scarf osteotomy

first metatarsal, 224–228
complications, 227, 228f
indications, 225
postoperative care, 225
results, 227
surgical technique, 225
technique, 225

approach/incision, 225

key points, 226
osteotomy preparation, 225
soft tissue repair, 225

midshaft, fifth metatarsal, 419–420, 420f, 421f
contraindications, 419
indication, 419
postoperative care, 420
results and complications, 420
surgical technique, 419–420, 420f, 421f

in patients with rheumatoid arthritis, 837
recurrent hallux varus deformity, 300

Scarlet Red, 1794
Scar tissue

intractable plantar keratoses associated with, 546
and level-of-amputation considerations, 1422, 

1422f
postoperative treatment of, 1815–1817

dermabrasion, 1817
tissue expansion, 1816–1817, 1816f
unfavorable, 1816

Schwannoma, 647, 648f
Sciatic nerve

anatomy, 128, 129f
injury, 765

Sciatic nerve block, popliteal fossa, 130, 133t
Scientific evidence-based medicine, foot and ankle 

care
evidence-based medicine, 109
importance, 111
low-quality evidence, 111
practice of, 109–111, 110f

clinical question, 109–110
performance rating, 111
quality, relevant publications, 110
relevant published literature, 110
treatment recommendation, 110–111

randomized control trials, 109
rarity index, 111

Seborrheic keratosis, 629
Second metatarsophalangeal joint subluxation/

dislocation, 344, 345f
anatomy of, 344–345, 346f, 346t, 347f, 348f
complications of surgical treatment, 374–375, 

374f, 375f
etiology of, 345–346, 348f, 349f, 350f
history and demographics of, 347
magnetic resonance imaging of, 353, 354f
nonsurgical treatment of, 354–356, 355f
physical findings in, 347–351, 351f, 352f, 352t, 

353f
preoperative surgical considerations, 356–359, 

356f
radiography of, 350f, 351–353, 351f
staging system for, 352f, 352t
surgical treatments

capital oblique metatarsal (Weil) osteotomy, 
357–358, 358f, 363–365

technique, 364–365, 366f, 367f, 368f
extensor digitorum brevis transfer, 361–362, 

364f
phalangeal closing wedge osteotomy 

(Akinette), 360f, 362–363
plantar condylectomy, 362
plantar plate repair, 365–367

technique, 365–367, 369f–370f, 371f
reefing of second MTP joint capsule, 361, 362f, 

363f

results of, 367–374
soft tissue release, 357f, 359–361

technique, 359–361
test for plantar plate tear, 315f, 347–349

Second ray/toe amputation
and fixed hammer toe deformity, 325, 329f, 330f
in hallux valgus development, 171, 171f

Selective serotonin reuptake inhibitors
for neuralgia in tarsal tunnel syndrome, 689
for neuralgia of interdigital neuroma, 684

Selectivity bias, 1447
Semilunar or comet fragment, 1897
Semiocclusive hydrogel dressing, 1794
Semipermeable film dressing, 1794
Semi-rigid orthoses, 115
Semmes-Weinstein monofilament test, 40–41, 41f
Sensory impairment, 735
Sensory innervation, 127–128
Septic arthritis, 1376–1377
Seronegative arthropathies, 843–851

ankylosing spondylitis, 850
HIV infection association with, 850–851
psoriatic arthritis, 843–848
reactive arthritis, 848–849
systemic lupus erythematosus, 849–850

Serotonin reuptake inhibitors, 615–616
Sesamoid(s), 435–462, 435f, 2035

accessory (subhallux), 462, 465f
treatment, 463

after hallux valgus surgery, 297–299
cock-up deformity, first metatarsophalangeal 

joint, 298–299
intractable plantar keratosis, 299
tibial sesamoid subluxation/dislocation, 297–298
uncorrected sesamoids, 297

anatomy and physiology of, 435–437, 1593
arthritic degeneration of, 448–450, 450f

treatment, 449–450
avascular necrosis of lateral, 435, 437f
bipartite and/or fractured, 437–440, 439t, 440f, 

441f, 442f, 443f, 444f, 445f
conservative treatment, 439, 444f
differentiation of, 438, 441f, 442f
and predisposition to hallux valgus deformity, 

451
surgical treatment, 439, 444f

bursitis associated with, 444, 444f, 449f
coalition of, 441–442, 447f
congenital absence of, 440–441, 445f, 446f
dislocated, 2038
distorted/hypertrophied, 441–442, 446f, 447f

treatment, 441–442
fractured, 2035–2038

clinical evaluation, 2036–2038, 2046f
mechanism of injury, 2035–2036
nonoperative treatment, 2038
operative treatment, 2038

functions of, 435
hallux valgus and subluxation of, 435, 436f, 

450–451. See also Hallux valgus
treatment, 450–451, 452f

infection of, 451, 452f
inflammation of, 453–454. See also Sesamoiditis
and intractable plantar keratoses, 442–444, 444f, 

448f
treatment, 458

Scarf osteotomy (Continued) Second metatarsophalangeal joint subluxation/
dislocation (Continued)
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and nerve compression, 444–447, 449f
ossification of, 436, 438, 440f
osteonecrosis of, 453, 453f, 454f, 455f
radiographic assessment of, 66f, 454–456, 456f
secondary centers of ossification, 52f
shapes of, medial and lateral, 437–438, 440f
size of, 435
stress fractures of, 1593–1596

conservative treatment, 1594
diagnosis of, 1593–1594, 1594f
surgical treatment, 1594–1596

postoperative care, 1595
sesamoid bone grafting, 1595–1596, 1595f
tibial (medial) sesamoidectomy with 

abductor hallucis tendon transfer, 1595–
1596, 1596f

symptomatic. See also Sesamoiditis
conservative treatment, 439
physical examination, 454
radiographic examination, 454–456
trauma of, and hallux deviation, 438f, 454

technetium bone scan of, 453, 453f
trauma of, and hallux deviation, 438f, 454
vascular anatomy of, 436–437, 439f

Sesamoid bone grafting, 1595–1596
postoperative care in, 1595
surgical technique in, 1595, 1595f

Sesamoiditis, 453–454, 456f
fibular sesamoid excision in, 458–460

dorsal approach and surgical technique, 459, 
461f

plantar approach and surgical technique, 
459–460, 462f, 463f

postoperative results, 460–462, 464f
tibial sesamoid excision in, 458, 460f

surgical technique, 458, 459f
tibial sesamoid shaving in, 458

postoperative results, 458, 460f
surgical technique, 458, 459f

treatment options in, 456–462
conservative, 456–457, 457f
considerations regarding excision, 457–462, 

458f
Sesamoid ligaments, of hallux, 435, 437f
Sesamoid of peroneus longus, 475–478. See also Os 

peroneum
Sesamoid of tibialis anterior tendon, 478–479, 478f
Sesamoid of tibialis posterior tendon, 479, 479f

anatomy and incidence of, 479, 479f
clinical significance of, 479, 479f

Sesamophalangeal ligaments, 2021–2022
Severe equinus contractures, 599, 602f
Severe osteoporosis, 773, 773f
Shaft fractures, metatarsal, 2016–2017, 2019f

bridge plate fixation, 2020f
radiograph, 2020f

Shenton line, 1858, 1860f
Shin splints, 1451
Shoe(s), 123–124

anatomy, 1338f
athletic, and soft tissue injury, 1448–1450
diabetic

custom fabricated, 1339f
healing, 1349f
inlay depth, 1338f

lace patterns for, 123
last, 124, 124f

lasting techniques for, 124, 124f
outsole modifications for, 123
rocker-soled, 1125f
structure and function, 123–124
types of lasts for making, 124

Shoe fit
assessment of, 48–49
and development of hallux valgus, 162
proper, 113, 114b

patient education about, 113
Shoe last, 124, 124f
Shortening, hallux valgus surgery, 287–288, 288f
Shortening osteotomy, 837

hallux rigidus, 1098, 1106f
Silicone bladder prosthesis, Syme amputation, 1430f
Silicone elastic (silastic) implant arthroplasty of the 

first MTP joint, 835
complications of, 835

Silicone elastomer joint replacement, 1109–1115, 
1114f, 1115f, 1116f, 1117f, 1118f

Silicone sheet application, to scars, 1816
Silicon implant, 1115–1116

postoperative care, 1116
surgical technique, 1115–1116, 1119f

Silipos sleeve, 118, 118f
Silverskiold test, 47f
Silver sulfadiazine, 1794
Simple bone cysts (SBCs), 663–664
Single arthrodesis, 1280
Single-limb toe-raise examination, 41f
Single metatarsophalangeal subluxation or 

dislocation, 837–838
Single photon emission computed tomography 

(SPECT), 60–61
Single-stage tibial fixation, 1830
Sinus tarsi approach, limited open reduction with, 

1907–1908, 1916–1917
postoperative care, 1917
surgical technique, 1916–1917, 1917f

Sinus tarsi syndrome, 1504
arthroscopic treatment of, 1504, 1663

preoperative planning/evaluation, 1663
surgical technique, 1663

conservative treatment of, 1504
diagnosis, 1504
historical perspective, 1504
pathology and etiology of, 1504
surgical treatment of, 1504

results, 1504
Sitting examination, 39–47, 41f

direct palpation, 45–46, 46f
forefoot/hindfoot relationship assessment, 45, 

45f, 46f
muscle function assessment, 46–47, 47f
neurovascular status assessment, 40–42
range of motion assessment, 42–45
skeletal overview, 40
visual overview, 39–40

Six degrees of freedom, 1310f
Skin care, 1337, 1337f
Skin disorders, environmentally induced, 628–629
Skin grafts, 1788, 1797–1800

aftercare and long-term issues, 1799–1800
full-thickness, 1798–1799
skin substitutes, 1799
split-thickness, 1797–1798

Skin layers, affected by infections, 1372–1373, 1373f

Skin lesions, primary and secondary, 627, 628t. 
See also Dermatologic conditions

Skin necrosis, associated with talar fractures, 1967
Skin slough, after bunion surgery, 276–277, 277f
Skin substitutes, 1799

application of, 1799
Small vessels, peripheral vascular disease, 1332
Smart Toe implant (Stryker), 303
Snowboarder’s fracture, 1464, 1465f
Soft orthoses, 115
Soft tissue complications

after bunion surgery
adherent scar, 277
delayed wound breakdown, 279
delayed wound healing, 276
infection, 275–276
paresthesias, hallux, 277–279
skin slough, 276–277, 277f

in foot and ankle surgery, 1783, 1784f
elective surgical wounds, 1783
nutritional and physiologic evaluation, 1783, 

1783t
pressure wounds, 1783
soft tissue envelope, 1784–1786
traumatic wounds, 1783–1784, 1784f, 1785f

Soft tissue conditions, endoscopic treatment of, 
1670–1676, 1670b

plantar fascia release, 1673–1675
tarsal tunnel release, 1675–1676
tendoscopy, 1670–1673

Achilles tendinosis and paratendinitis, 1681
flexor hallucis longus tendon, 1670–1671
peroneal tendons, 1671–1672
posterior tibial tendon, 1672–1673

Soft tissue (ST) envelope, 1783–1786, 1786f, 1787f
Soft tissue infections, 1372–1376, 1373f

abscesses, 1375, 1377f
cellulitis, 1373–1374, 1373f
erythrasma, 1373, 1373f
necrotizing fasciitis, 1374–1375, 1374f, 1374t, 

1375f, 1375t, 1376f, 1376t
Soft tissue injury

in athletes, 1441, 1441f. See also specific injury
burns, 596–606
classification of, 1787–1788
during exposure, 604, 610b
puncture wounds, 612
wound debridement in, 1789–1794

Soft tissue interpositional arthroplasty, 1092–1097
with acellular graft, 1094–1096, 1100f
alternative technique, 1093, 1098f
Coughlin technique, 1096, 1102f
with later metatarsophalangeal arthrodesis 

salvage, 1096, 1103f
with medial capsule tissue, 1094–1096, 1099f
postoperative care, 1093
results and complications, 1093–1096, 1099f, 

1100f, 1101f, 1102f, 1103f
surgical technique, 1092–1093, 1097f

Soft tissue metastases, 656
Soft tissue, pantalar arthritis, 1023
Soft tissue procedures, pes cavus, 1298–1301

claw toe corrections, 1300
extensor hallucis longus tendon transfer,  

1299
postoperative care, 1299

first-toe Jones procedure, 1298–1299
interphalangeal joint arthrodesis, 1298–1301

Sesamoid(s) (Continued) Shoe(s) (Continued)
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lateral ligament repair/reconstruction, 
1300–1301

peroneus longus to brevis transfer, 1299–1300
plantar fascia release (Steindler stripping), 1298
posterior tibialis transfer, 1300
special cases, 1303
tibialis anterior transfer to third cuneiform, 1300

postoperative care, 1300
results and complications, 1300
surgical technique, 1300

Soft tissue reconstruction
after limb trauma, aesthetic considerations, 

1815–1817
algorithm for, by anatomic region, 1813–1815

closed fractures treated by open reduction and 
internal fixation (Group A), 1813–1814

free flap criteria (Group B), 1814
osteomyelitis (Group C), 1814

amputation vs. salvage, 1796–1797
complications management after

acute, 1812
late, 1812–1813

in diabetic foot surgery, 1815
flaps in, 1800–1802

fasciocutaneous flaps, 1800–1802, 1801f
muscle flaps, 1800

in foot or ankle amputation
skin grafting/flap coverage, 1401
vascular reconstruction, 1401

free flaps in, 1802–1813
general principles of, 1788–1789

flaps, 1788–1789, 1792t
local tissue rearrangement, 1788, 1791f
skin grafts, 1788, 1790f

in peripheral vascular disease, 1815
reconstructive ladder, 1786–1788

patient evaluation for, 1787
skin grafting, 1797–1800

aftercare and long-term issues, 1799–1800
full-thickness, 1798–1799
skin substitutes, 1799
split-thickness, 1797–1798

team approach to, 1786
timing of, 1794
tissue expansion, 1817
wound closure in, 1797
wound debridement in, 1789–1794
wound preparation prior to, 1794–1797

antibiotic beads, 1795, 1795f
dressings, 1794–1795
hyperbaric oxygen, 1795–1796
negative pressure therapy, 1796, 1796f

Soft tissue release, lesser toe metatarsophalangeal 
joints, 357f, 359–361

postoperative care in, 361
results of, 367–370
surgical technique, 359–361

Soft tissue sarcoma, 653–654
surgical treatment goals, 653–654

Soft tissue tumors
benign, 645–653, 645t

benign fibrous histiocytoma, 646
dermal, 646
dermatofibroma, 646
desmoid tumors, 646
fibromas, 645, 645t
fibromatosis, 645, 645t

granuloma annulare, 646
lipomas, 647–648
metabolic deposition lesions, 652–653
neural, 647
synovial, 649–652
vascular tumors and malformations, 646–647

biopsy(ies) of, 642–643
advantages and disadvantages of techniques, 

642–643, 643t
incisional, principles of, 643, 643b
types of, 644–645

chemotherapy, 644
clinical evaluation of, 640–641

computed tomographic imaging, 641
history, 640, 640t
magnetic resonance imaging, 641
nuclear imaging, 641
physical examination, 640, 640t
radiographic imaging, 640–641, 641t

imaging, staging of sarcomas, 642, 642t
malignant, 653–656, 653t

melanoma, 654–656, 655f
soft tissue metastases, 656
soft tissue sarcoma, 653–654
squamous and basal cell carcinoma, 656

staging, 641–642, 642t
surgical treatment of, general principles,  

644–645, 644t
Sole modifications, for shoes, 123
Solid-ankle ankle foot orthoses, 117
Solid ankle cushion heel (SACH), 120
Solid ankle dynamic ankle foot orthosis, 118
Sonopalpation, 55, 71f
Spastic flatfoot, in cerebrovascular accident 

(stroke), 763, 763f
SPECT (single photon emission computed 

tomography), 60–61
Spenco foot orthoses, 114
Spinal cord injury, 764
Spinal cord stimulation, 783

for failed tarsal tunnel release, 710
Spinal cord stimulator, 782
Spinal cord tumors, 1291
Spinal dysraphism, 1291
Spinal muscular atrophy, 1290–1291
Splayed forefoot, 154, 155f
Splay foot, treatment of, 1103–1104, 1112f
Splinter hemorrhages, in nail bed, 555, 556f
Split anterior tibial tendon transfer, 1219–1220, 

1221f
Split-nail deformities, 560
Split tendon transfer(s), 1219–1220

anterior tibial tendon, 755f, 756
posterior tibial tendon, 754, 755f

Split-thickness skin graft (STSG), 1786, 1787f, 1788, 
1797–1798

dressing application, 1798
surgical technique, 1798, 1798f, 1799f
in wound closure, 1401

Sports participation after ankle fusion, 892
Spring ligament repair and reconstruction, 1258–1263

contraindications, 1259–1260, 1261f
indications, 1259
preoperative planning, 1260–1262
results and complications, 1262–1263, 1263f, 

1264f, 1265f
surgical technique, 1260–1262, 1261f, 1262f

Squamous cell carcinoma, 636, 656
subungual, 571f

Squeeze test, in syndesmosis injury evaluation, 42, 
43f, 1482, 1482f

Stance phase, gait cycle, 2
Standing examination, 37–39

dynamic arch creation, 39, 40f
foot/ankle/leg alignment assessment, 38
hallux position assessment, 39
heel inversion, 39
pes cavus assessment, 38–39, 39f
pes planus assessment, 38, 38f

Staphylococcal infections, 1381–1382, 1382t
Stasis dermatitis, 632–633
Static circular external fixation, 1359f
Static hallux valgus abnormality, 180
Static mode ring fixation, 1327–1328
Stay-fuse implant (TornieR), 303
Steindler stripping, 1298

postoperative care, 1298
surgical technique, 1298

Steinmann pin fixation, intermedullary, 827–828, 
829f

Stenosing tenosynovitis, 1175–1178
conservative treatment, 1177, 1178f
etiology, 1175–1176
history and physical examination, 1176
postoperative care, 1177
radiographic examination, 1176–1177, 1176f, 

1177f
results, 1177–1178
surgical treatment, 1177, 1178f

Stenosing tenosynovitis, imaging of, 93
Sterile matrix. See Nail bed
Steroids, 598–599
Stovepipe prosthesis, 1429
Stratum corneum, 553b–554b
Streptococcus spp. infection, 1382
Stress fracture(s)

of calcaneus, 1611–1614
categories, 1586–1587
clinical presentation, 1587
of cuboid, 1995
diagnosis of, 1587
distribution, 1587
of fibula, 1591–1593
of fifth metatarsal, 1599–1606, 2020–2021,  

2032t
imaging of, 1587–1588
incidence of, 1587
locations, 1587
medial malleolar, 1590–1591
of metatarsal, 2018, 2026f, 2027f, 2028f
metatarsal (excluding fifth), 1596–1599
of navicular, 1606–1611
risk factors, 1587
second metatarsal, 301f
of sesamoids, 1593–1596
of tarsal navicular, 1991–1992
tibial and fibular, and chronic leg pain in athletes, 

1457–1458
tibial diaphyseal, 1588–1590
treatment of, 1588, 1588b

Structural spinal cord disease, 1291
Subhallux sesamoid(s), 462, 466f

excision of, and surgical technique, 463, 466f
results, 463

treatment options for, 463

Soft tissue procedures, pes cavus (Continued) Soft tissue tumors (Continued)
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Subhallux sesamoid plantar keratoses, 541
nonsurgical treatment, 541
surgical treatment of, 541

postoperative care, 541
results, 541
technique, 541

Subsidence, total ankle replacement, 976–978, 976f, 
977f

Subtalar arthrodesis, 793–794, 794f, 1026–1030, 
1026t, 1278–1280

arthroscopic, 1034
distraction, 1033–1034, 1033f
healing of, 1032f
indications, 1026–1027, 1027f
open surgical technique, 1027–1030, 1028f–1029f
positioning considerations in, 794
position of, 1027
posttraumatic, 1026
single screw, 1031f

Subtalar joint(s)
anatomy of, 1659, 1659f
arthrodesis of. See Subtalar joint arthrodesis
arthroscopic examination of, 1658–1662

equipment and set-up, 1659–1660, 1659b
indications/contraindications, 1659
portals, 1660, 1660f
preoperative evaluation/planning, 1659
thirteen-point examination, 1660–1661, 1660f, 

1661f, 1662f
arthroscopic treatment of, 1661–1662

anatomic landmarks, 1661
diagnostic examination, 1661–1662, 1662f
patient positioning, 1661
portal placement, 1661, 1662f
postoperative care, 1662

biomechanics, 3–4, 4f
everted position, 875
inverted position, 875
involvement in rheumatoid arthritis, 791
ligaments of, 1498, 1498b, 1498f

and biomechanics, 1498–1499
modified double arthrodesis, 795
oblique view, 59f
pain in, 1504. See also Sinus tarsi syndrome
pathology of, 1662–1664, 1663b

os trigonum, 1663–1664, 1664f, 1664t, 1665f
sinus tarsi syndrome, 1663
synovitis and loose bodies, 1662–1663

range of motion
assessment of, 42–43, 44f
and gait, 892

sprains of, 1497–1504. See also Subtalar joint 
sprains

Subtalar joint arthrodesis
arthroscopic, 1664–1666. See also Subtalar joint 

arthrodesis, posterior arthroscopic
indications/contraindications, 1666
postoperative care, 1666
preoperative evaluation/planning, 1666
results and complications, 1666
surgical technique, 1666, 1666f

posterior arthroscopic, 1686–1691
indications/contraindications, 1686–1687, 

1686f, 1687f
postoperative care, 1691
preoperative evaluation and planning,  

1687–1688, 1687f, 1688f
results and complications, 1690t, 1691

surgical technique, 1688–1691, 1688f, 1689f
for valgus deformity in myelomeningocele, 

756–757
Subtalar joint sprains, 1497–1504

anatomy, 1498, 1498b, 1498f
biomechanics, 1498–1499
evaluation of, 1499–1501

clinical, 1499
other techniques, 1500–1501, 1501f
radiologic, 1499–1501, 1500f
stress radiographic, 1499–1500, 1499f, 1501f

historical perspective on, 1497–1498
surgical treatment of, 1502–1504

reconstructive procedures, 1502–1504, 1502f
secondary anatomic repair, 1502
triligamentous reconstruction, 1503–1504, 

1503f
treatment of, 1501–1504

acute vs. chronic conditions, 1501–1502
conservative, 1502
surgical, 1502–1504

Subtalar nonunion
under hindfoot arthritis, 1024, 1025f
under pantalar arthritis, 1024, 1025f

Subungual clavus, 578–579
Subungual exostosis, 562–565, 578f, 659, 660f

differentiation of subungual osteochondroma 
and, 562–565, 566t

recurrence of, 564
resection, 563–565

Subungual hematoma, 553b–554b, 560–561, 562f, 
563f, 579

Subungual or periungual verruca, 579
Subungual verruca, 579
Sudeck atrophy, 1492
Sunburn, 628
Sun exposure, 628
Superficial frostbite, 608
Superficial peroneal nerve, 131, 686, 711f
Superficial peroneal nerve block, 140f, 141t
Superficial peroneal nerve entrapment, 33, 33f, 

719–721, 1459, 1459f
conservative treatment, 721
diagnosis of, 721
etiology of, 720–721
incidence of, 719–720
surgical treatment of, 721
symptoms of, 721

Superficial peroneal nerve release, 721
postoperative care in, 721
results of, 721
surgical technique, 721

Superficial ulcer, 1344
Supernumerary digits, 1773
Superolateral fragment, 1897
Superomedial fragment, 1897
Supraclavicular blockade, for upper extremity 

CRPS, 783
Supramalleolar deformities, 942–943, 1315–1320

classification of, 1317
distraction osteogenesis in treatment of, 

1315–1317
hexapod frame application for, 1319–1320

frame removal, 1320
pin care, 1320
surgical technique, 1319–1320

osteotomy location in, 1317

osteotomy techniques for, 1317–1318
ring fixation in treatment of, 1315
tibial and fibular osteotomy techniques, 

1318–1319
fibular osteotomy technique, 1319
Gigli saw technique, 1318–1319, 1319f
multiple drill hole technique, 1318, 1318f

Supramalleolar osteotomy, in valgus deformity in 
myelomeningocele, 751

Supramalleolar osteotomy techniques, 943–944
Sural flap, reverse, 1800–1802, 1803f
Sural nerve, 705, 714f

anatomy, 128, 131f
block, 131–132, 144f, 144t–145t
topographic anatomy of, 29, 30f

Sural nerve entrapment, 726–728
diagnosis of, 727
etiology of, 726–727
nonoperative management, 727
surgical treatment of, 727
symptoms of, 727

Sural nerve release, 727–728
postoperative care, 727
results of, 727
surgical technique, 727

Surface anatomy
of ankle and hindfoot, 29–34
of anterior ankle, 31–33, 32f, 33f
of forefoot, 36–37, 36f, 37f
of lateral ankle, 29, 29f, 30f
of medial ankle, 30–31, 30f, 31f
of midfoot, 34–36, 35f
of plantar hindfoot, 34, 34f
of posterior ankle, 31, 32f

Surgical stabilization, of Charcot foot, 1358–1362, 
1359f, 1360f, 1361f, 1362f

Surgical wound breakdown, reconstructive options, 
1814

Surgical wound infections, 1390–1393
antibiotic prophylaxis for, 1391
clinical photograph of, 1392f
measures to increase oxygenation of, 1391b
negative pressure treatment, 1392f
prevention of

proper surgical preparation, 1391
vacuum therapy for wound closure, 1391–1393

risk factors for, 1391b
treatment of, 1391

Surgical wounds, elective, 1783
Suspension mechanisms, transtibial amputation, 

1434, 1435f
Sustentacular or constant fragment, 1897
Sustentaculum tali, 1895, 1895f
Sustentaculum tali fractures, 1922
Suture button fixation, 1487f, 1488–1489, 1489f

complications and results of, 1492
Swan neck deformity

in rheumatoid forefoot, 801
traumatic, 318, 318f

Sweaty Sock Dermatitis, 633
Swelling, and fracture blister, 1059, 1060f
Swing phase, gait cycle, 2
Syme amputation, 589f, 1412–1415, 1413f,  

1428–1431, 1428f
ankle diarticulation in, 1428–1431, 1428f
“Canadian” prosthesis, 1429–1430
expandable wall socket design, 1430f

Subtalar joint arthrodesis (Continued) Supramalleolar deformities (Continued)
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gait, 1430–1431, 1431f, 1432f
medial opening prosthesis, 1430
of nail unit in severe onychocryptosis, 568
prosthesis for, 1430f
prosthetic considerations, 1429–1430, 1429f, 

1430f
with shifted heel pad and ulceration, 1429f
silicone bladder prosthesis, 1430f
stovepipe prosthesis, 1429
surgical considerations, 1428–1429, 1428f, 1429f
terminal, of distal phalanx, 586–587

postoperative care, 587
results and complications, 587
surgical technique, 586

xeroradiograph, 1429f
Syme gait, 1430–1431, 1431f, 1432f
Sympatholytics, for complex regional pain 

syndrome, 781
Syndactylization of lesser toes, 387–388

alternative surgical procedure, 388
in hallux valgus development, 171
postoperative care in, 387–388
results and complications of, 388, 388f
surgical technique, 387, 388f

Syndactyly, 1773, 1775
Syndesmosis. See ankle (tibiofibular) syndesmosis 

entries
Syndesmosis dislocations, 1873–1875

techniques for fixation of, 1873–1875, 1881f
external rotation stress examination, 1882f
removal of screws, 1875
suture buttons for, 1875

Synovial chondromatosis, 651–652, 652f
Synovial (osteo)chondromatosis

of ankle, arthroscopic treatment, 1632
stages of, 1632t

Synovial sarcoma, 98, 101f
Synovial tumors, and tumor-like conditions, 

649–652, 654f
Synovitis, of posterior tibial tendon, 1250f
Synthetic skin substitutes, 1794
Syringomyelia, 1291
Systemic lupus erythematosus (SLE), 849–850

arthropathy associated with
radiographic findings, 850
treatment of, 850

etiology of, 849–850
incidence, 849–850
presentation, 849–850
vasculitis in, 849f

T
Tailor’s bunion, 400
Talar arthrodesis, 1974–1975, 1975f
Talar avascular necrosis, 868, 1006, 1965–1967

3D printed arthrodesis for, 1007–1008
and arthritic involvement of ankle joint, 868
etiology, 1006
fusion surgery

malunion, 893t, 910
nonunion, 906–910, 910t
secondary subtalar arthritis, 910–912, 911f, 

912f
imaging, 1006
nonsurgical treatment, 865
osteochondral allograft resurfacing for, 893–894

preoperative evaluation, 1007
staging, 1006
treatment of, 1006–1008

Talar body fractures, 1961–1963
classification of, 1962, 1962f
complications associated with, 1963–1969

arthrofibrosis, 1968–1969
avascular necrosis, 1965–1967
infection and osteomyelitis, 1967
posttraumatic arthritis, 1964–1965
skin necrosis, 1967

evaluation of, 1962
mechanism of injury in, 1961–1962
sagittal shear fracture, 1963f
treatment of, 1962–1963

nonoperative, 1962
surgical repair, 1962–1963, 1964f, 1965f

outcomes, 1963
postoperative care, 1963
preferred treatment method, 1963

Talar bone defect, total ankle replacement
contained, 989f
uncontained, 990f, 991f

Talar bone loss, after total ankle replacement, 972t
Talar head fractures, 1969–1970

complications associated with
skin necrosis, 1967

evaluation of, 1969
radiographic, 1969

incidence of, 1969
mechanism of injury/classification of, 1969, 1969f
outcomes, 1969
treatment, 1969

Talar neck fractures, 793, 793f, 1944–1956
anatomical weakness in, 1943f, 1945
classification of, 1945–1946, 1945f
complications associated with, 1963–1969

arthrofibrosis, 1968–1969
avascular necrosis, 1965–1967
delayed union and nonunion of, 1968
infection and osteomyelitis, 1967
malunion, 1967, 1968f
posttraumatic arthritis, 1964–1965
skin necrosis, 1967

and dislocation, 1946
evaluation of, 1946, 1946f

radiologic, 1947, 1947f
mechanism of injury in, 1945
treatment of, 1947–1956
type I, treatment of, 1947

outcomes of treatment, 1947
preferred treatment method, 1947

type II, treatment of, 1947–1952, 1948f
approaches to talus, 1948f
definitive treatment, 1948, 1948f
fixation of medial column, 1950, 1950f
fixation strategy, 1949, 1949f
initial management, 1948
outcomes, 1952
plate fixation, 1951
postoperative care, 1952
preferred treatment method, 1950, 1950f, 

1951f
reduction strategy, 1949, 1949f

type III, treatment of, 1952–1954
definitive treatment, 1953, 1953f
outcomes, 1954

postoperative care, 1954
preferred treatment method, 1953, 1953f
urgent management, 1951f, 1952, 1952f

type IV, treatment of, 1954, 1955f
open fracture repair, 1954–1955, 1956f

vertical and shear fractures, differentiation, 1946, 
1946f

Talar neck view, 64f
Talar prosthetic replacement, 1977
Talar tilt test, 1482
Talar tilt view, 1859, 1859f

in lateral ankle sprain diagnosis, 1466, 1467f
Talectomy, 1975, 1976f
Talipes equinovarus. See Club foot
Talocalcaneal angle, 69f, 1941–1942, 1942f
Talocalcaneal coalition, 1768–1769

arthroscopic techniques, 1769
arthroscopic treatment of, 1687–1688, 1687f. 

See also Subtalar joint arthrodesis, 
posterior arthroscopic

conservative treatment of, 1769
excision of, using posterior hindfoot endoscopy, 

1691, 1693f
radiographic evaluation, 53, 59f, 60f, 1768–1769, 

1769f
surgical resection of, 1769

postoperative care, 1769
technique, 1769

Talocalcaneal ligaments, 1463
Talocrural angle, 1859, 1859f
Talofibular ligaments, 1461, 1636, 1854–1855, 1856f
Talonavicular arthrodesis, 1036–1040

alignment of, 1036
complications, 1039–1040, 1039f
indications, 1036, 1037f
Mueller-Weiss disease, 1036, 1037f
nonunion, 1039–1040, 1039f
postoperative care, 1038
results, 1038–1039, 1038t
surgical technique, 1036–1038

Talonavicular coverage angle, 69f
Talonavicular joint(s). See also Midtarsal joint

arthrodesis, 794, 795f
arthroscopy of, 1693
dislocation of, 1921
involvement in rheumatoid arthritis, 794
modified double arthrodesis, 795
morphology, 5, 5f

Talonavicular joint fusion, total ankle replacement 
and, 955f

Talon noir, 629
Talotibial angles, 68f
Talus, 1941

articular surfaces of, 1854, 1941, 1942f
avascular necrosis of, 1965–1967. See also Talar 

avascular necrosis
blood supply of, 1942–1944, 1943f

anterior tibial artery, 1943
artery of tarsal canal, 1943
artery of tarsal sinus, 1943–1944
extraosseous, 1942
intraosseous, 1944
intraosseous anastomoses, 1944
peroneal artery, 1943
posterior tibial artery, 1943

body of, 1941, 1942f
arterial supply, 1944

Syme amputation (Continued) Talar avascular necrosis (Continued) Talar neck fractures (Continued)
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dislocation of, 1956–1957
subtotal, 1957–1961, 1958f

anatomy, 1958, 1958f
clinical evaluation, 1958–1959
history and classification, 1957
mechanism of injury, 1958, 1959f
radiographic evaluation, 1959, 1960f, 1961f
treatment and results, 1959–1961, 1960f

total, 1956–1957, 1956f
reimplantation in, 1956–1957

fractures of, and treatment
lateral process, 1973–1974, 1973f. See also 

Lateral process fractures, of talus
os trigonum, 1970
posterior process, 1970–1973, 1970f
posterolateral tubercle, 1970. See also 

Posterolateral tubercle fractures (talus)
salvage procedures, 1974–1980
talar body, 1961–1963. See also Talar body 

fractures Talarbody fractures
talar head. See Talar head fractures
talar neck, 1944–1956. See also Talar neck 

fractures
head of, 1942, 1943f

arterial supply, 1944
injuries of

associated with pilon fractures, 1824
salvage procedures, 1974–1980

ankle arthrodesis, 1975
arthrodesis, 1974–1975, 1975f
Blair tibiotalar fusion, 1975–1977, 1977f
extraarticular fusion, 1979, 1980f
free vascularized fibula, 1979
intramedullary rod stabilization, 1978, 1978f
plate fusion, 1978–1979
plate fusions, 1978–1979
talar prostheses, 1977
talectomy, 1975, 1976f
tibiocalcaneal fusion, 1977–1978
tibiotalocalcaneal fusion, 1978–1980

lateral process of, 1973–1974, 1973f
neck of, 1941–1942, 1943f
osteochondral lesions of, arthroscopic treatment, 

1709–1737. See also Osteochondral 
lesions of talus

Talus fractures, arthroscopic treatment of, 1664
Tapentadol, 142
Tarsal coalition, congenital, 1766–1767
Tarsal-metatarsal joints, 5
Tarsal navicular, 1987, 1987f

blood supply of, 1987f
stress fractures of, 1991–1992

mechanism of injury, 1991
radiographic evaluation, 1991–1992, 1993f, 

1994f
treatment and results, 1992

tendon and ligament attachments, 1987
Tarsal tunnel release, failed, 703–711

peripheral nerve stimulation, 708–711
Tarsal tunnel syndrome, 693–703

anatomy, 693–694
anterior, 41–42
causes of, 693
conservative management, 699–700
diagnosis of, 696–699

electrodiagnostic testing, 698–699
imaging studies, 698

nerve conduction studies, 725
physical examination, 696–698

differential diagnosis of, 699, 699b
distal tarsal tunnel syndrome, 694
endoscopic tibial nerve release in, 1675–1676

indications/contraindications, 1675
preoperative evaluation and planning, 1675
surgical technique, 1675–1676

etiology, 694–695
failed release in, 703–711
imaging of, 95–96, 99f, 100f
lateral plantar nerve, 694

first branch, 694
medial calcaneal nerve, 693–694
medial plantar nerve, 694
nonsurgical treatment of, 684
plantar heel pain associated with, 508
surgical considerations in, 684
surgical tibial nerve release procedure, 700–703
surgical treatment, 700–703
symptoms of, 695–696

Tarsometatarsal arthrodesis, 795, 799f
bone healing enhancements in, 799
complications of, 795
internal fixation in, 798
lateral column exclusion in, 798
outcomes of, 798
preferred methods in, 798

Tarsometatarsal joint complex, 2000f
injuries, in athletes, 1504–1511
range of motion assessment in, 44–45, 44f

Tarsometatarsal joints, 2000
midfoot arthritis, 1072

Taylor Spatial Frame application, 1315, 1317f, 
1318f, 1326

Technetium-99m bone scan, 58–60
in young athlete, 75f

Tegaderm wound dressing, 1794
Temporary prosthesis, 1434–1435
Tendon injuries/disorders, 1135

ankle-foot orthoses for, 120–121
extensor tendons, 1136–1157
flexor tendons, 1157–1174
imaging of, 88–94

tears, 93–94, 96f
nonsurgical treatment of, 120–121
peroneal tendons, 1174–1213
posterior tibial tendon subluxation–dislocation, 

1213–1214
tendon transfers, 1214–1221

Tendon transfer(s), 1214–1221
in Achilles tendinitis, 1555
in Achilles tendon rupture, 1574–1577

long flexor hallucis longus tendon graft, 
1574–1576, 1575f

peroneus brevis tendon transfer, 1574, 1575f
short flexor hallucis longus tendon graft, 

1576–1577, 1576f
age of patient, 1216–1217
anterior tendon transfer, 1217–1219, 1218f
biomechanical principles, 1214–1215, 1215f
diagnosis, 1217
distal tendon transfer, 1221
gait biomechanics after, 15
hallux varus correction, 282–284
in lateral ankle instability, 1477–1478, 1478f
lateral tendon transfer, 1220–1221

natural history of muscle imbalance, 1216
patient evaluation, 1216–1217
posterior tendon transfer, 1220
posterior tibial tendon transfer to dorsum of foot, 

1217–1219, 1220f
principles of muscle function, 1215–1216
relative strengths of muscles, 1216t
split anterior tibial tendon transfer, 1219–1220, 

1221f
split tendon transfer, 1219–1220
surgical treatment, 1217–1221

Tendon xanthoma, 652
Tendoscopy, 1670–1673

Achilles tendinosis and paratendinitis, 1681
flexor hallucis longus tendon, 1670–1671
peroneal tendons, 1671–1672
posterior tibial tendon, 1672–1673

Tennis fracture/dancer’s fracture, 2018–2019
Tenosynovectomy, 1249–1251

contraindications, 1249
indications, 1249
peroneal tendons, 1177, 1178f
postoperative care, 1250
preoperative evaluation, 1249–1250
results and complications, 1250–1251
surgical technique, 1249–1250, 1250f

Tenosynovial giant cell tumor, 650–651, 651f
of ankle, arthroscopic treatment, 1631–1632

Tenosynovitis
flexor hallucis longus, 1159–1168, 1160f, 1161f, 

1162f
conservative treatment, 1162–1164,  

1165f
distal, tendinosis, 1161, 1164f
excision of os trigonum from lateral approach, 

1165–1166, 1166f
excision of os trigonum through a medial 

approach, 1166–1167, 1167f
giant cell tumor of, 1161, 1163f
history and physical examination, 1161–1162
osteochondromatosis, 1161, 1163f
pigmented villinodular synovitis, 1161,  

1165f
in professional dancer, 1161f
radiographic examination, 1162, 1165f
results, 1167–1168
surgical treatment, 1164–1167

stenosing, 1175–1178
conservative treatment, 1177, 1178f
etiology, 1175–1176
history and physical examination, 1176
postoperative care, 1177
radiographic examination, 1176–1177, 1176f, 

1177f
results, 1177–1178
surgical treatment, 1177, 1178f

Tension band fixation for malleolus fracture, 1868, 
1876f

Teriparatide (Forteo), 792
in treatment of stress fractures, 1588

Terminal Syme amputation, 574f, 1402, 1402f
Terry nail, 555, 556f
Thera-Band (Hypenic Corp.), 367, 372f
Therapeutic footwear, 1337–1338, 1338f, 1339f
Thermal burns, lower extremities, 598, 600f
Thigh-foot angle, 1311
Third-degree burns, 598, 599f

Talus (Continued) Tarsal tunnel syndrome (Continued) Tendon transfer(s) (Continued)
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Thompson repair, of underlapping fifth toe, 385
postoperative care in, 385
results and complications of, 385
surgical technique, 385, 387f

Thompson-Terwilliger procedure
postoperative care, 587
results and complications, 587
surgical technique, 586

Thompson test, for Achilles tendon rupture, 1558, 
1560f

3D biometrics, 1295
3D printing

talar avascular necrosis, 1007–1008
total talus replacement, 1008–1013, 1009f

Thrombophlebitis, 1461
Tibia

diaphyseal stress fracture of, 1588–1590
clinical features of, 1589
diagnosis of, 1589–1590, 1589f, 1590t
treatment of, 1590

distal, articular surface of, 1821, 1822f, 1823f, 
1854

pilon fracture of, 1821
stress fractures of, and chronic leg pain, 

1457–1458
clinical features, 1457
conservative treatment, 1457–1458
diagnosis, 1457, 1458f
surgical treatment, 1458, 1458f

torsion of, 1821, 1824f
Tibia-fibula synostosis, 1434f
Tibial fixation

limited, 1827–1830, 1832f
single-stage, 1830

Tibialis anterior tendon, sesamoid of, 478–479, 478f
Tibialis anterior transfer to third cuneiform, 1300

postoperative care, 1300
results and complications, 1300
surgical technique, 1300

Tibialis posterior assessment, 45–46
Tibialis posterior tendon, 479, 479f. See also 

Posterior tibial tendon
sesamoid of

anatomy and incidence of, 479, 479f
clinical significance of, 479, 479f

Tibialis posterior tenosynovitis
surgical treatment for, 1249–1251
tenosynovectomy, 1249–1251

contraindications, 1249
indications, 1249
postoperative care, 1250
preoperative evaluation, 1249–1250
results and complications, 1250–1251
surgical technique, open tenosynovectomy, 

1249–1250, 1250f
Tibial nerve, 30–31, 31f, 700–703

accessory soleus pressure on, 695
anatomy, 128, 131f
branches of, 722f
endoscopic tarsal tunnel release, 703
entrapment of, 723
injury of, 764
medial talocalcaneal coalition compression of, 

695f
palpation and percussion of, 681f, 700
schematic anatomy of, 693–694
schwannoma of, 680f, 695
tendon sheath ganglion located near, 727

Tibial nerve block, 130–131, 139f, 140t
Tibial nerve release procedure, 700–703

postoperative care in, 702
results of, 702–703
surgical technique, 700–702

Tibial plafond, 1821–1822. See also Osteochondral 
lesions of tibial plafond; Pilon fractures

Tibial rotation, 1311–1312
Tibial (medial) sesamoidectomy, with abductor 

hallucis tendon transfer, 1595–1596
surgical technique, 1596, 1596f

Tibial sesamoid excision, 458, 460f
surgical technique, 458, 459f

Tibial sesamoid keratosis, 528–529, 531f
Tibial sesamoid shaving, 458

postoperative care, 529
results of, 458, 460f, 529
surgical technique, 458, 459f, 528–529

Tibial sesamoid subluxation/dislocation, 297–298, 
298f

Tibial slip (ligament), 1637, 1639f
Tibiocalcaneal arthrodesis, 1978
Tibiocalcaneal ligament, 1492, 1493f
Tibiofibular arthrodesis, distal, 1882–1883
Tibiofibular ligaments, 1480, 1636
Tibiofibular shuck test, for instability of distal 

tibiofibular joint, 1482
Tibiofibular syndesmosis. See also Ankle 

(tibiofibular) syndesmosis
anatomy, 1480–1481, 1480f, 1481f
biomechanics of, 1481–1482
stress view, 62f

Tibionavicular ligament, 1492
Tibiospring ligament, 1492
Tibiotalocalcaneal and pantalar arthrodesis, 

1053–1058
grafting considerations, 1054–1058
hardware considerations, 1053–1054, 1055f, 

1057f
biomechanical comparison of, 1054t, 1056t, 

1057t
external fixation, 1054
nails, 1053–1054, 1054t, 1055f
plate and screws, 1054, 1057t
screws, 1053, 1053f, 1054t

indications, 1053
malunion, 1063f
nonunion, 1061, 1062f
open surgical technique, lateral approach, 

1058–1059
outcomes after, 1060t
position of, 1053
treatment for infected, 1063f
using retrocalcaneal nail, 1053–1054, 1054t, 

1055f
Tibiotalocalcaneal (TTC) arthrodesis, 1007–1008, 

1011–1012
Tibiotalocalcaneal fusion, 1978–1980
Tillaux fracture surgical technique, 1646–1647, 

1648f
Timing, of gait, 20–21
Tinea incognito, 632
Tinea pedis, 632, 1383, 1383f

treatment of, 1383
Tinea unguium/onychomycosis, 632, 637
Tinel sign, 727
Tissue expansion, 1817

in scar tissue management, 1816–1817, 1816f

Tissue loss, 604
Titanium locking plate, placement of, 1101,  

1109f
Toe amputation. See under Hallux Lesser toe(s) Ray 

amputation
great toe metatarsophalangeal disarticulation, 

1403, 1404f
great toe through proximal phalanx base,  

1402–1404, 1403f
racquet-type incision for, 1403, 1403f

Toe caps/crests/cushions/pads, 317f
Toe caps/toe pads/toe crests for, 118f
Toe deformities

congenital, and anomalies, 1773–1776
of hallux. See under Hallux Hallux rigidus  

Hallux valgus
lesser, 304–305. See also Lesser toe deformities

Toe filler(s), 1423
Toeing in, toeing out, 48, 48f
Toenail anatomy, 551–553, 551f

synonyms in, 551t
Toenail disorders

specific, 566–579
nail bed disorders, 578–579
nail fold disorders, 579–591
nail matrix disorders, 580–582
nail plate disorders, 566–578

treatment of
chemical matrixectomy, 587–591
complete nail plate avulsion, 584,  

585f
complete onychectomy, 586
conservative, 582–591
digital anesthetic block, 582–584
lateral fold advancement flap, 584
lateral fold reduction, 584
partial nail plate avulsion, 584
partial onychectomy, 584
terminal Syme amputation, 586–587

Toenail pathology
associated with tumors, 561–566

glomus tumor, 561–562
melanotic whitlow and malignant melanoma, 

565
osteochondroma and subungual exostosis, 

562–565
other neoplastic conditions, 565–566

classification of, 551–553, 553b–554b
in dermatologic conditions, 553–556

contact dermatitis, 554–555
eczema, 554–555
psoriasis, 553–554, 554f
pyodermas, 555

in genetic disorders, 556–558, 558t
in systemic diseases, 555

cardiovascular disorders, 556t
connective tissue disorders, 557t
endocrine disorders, 557t
hematologic disorders, 556t
hepatic, renal, plumonary, gastrointestinal 

disorders, 558t
trauma, 558–559
tumors, 561–566

Toenails, 1337, 1337f
hemorrhage, 553b–554b
hypertrophic, with fungal infection, 1337,  

1337f
regrowing, 552, 552f
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Toenail trauma
crush injuries, 560
repair of nail bed and nail plate, 559

transverse figure-of-eight suture, 560–561, 560f
Winograd procedure, 561f

subungual hematoma, 560–561
Toe separators, 118
Toe spreader, 1519–1520
Toe strapping, for secondary neuralgia, 677, 677f
Tongue fragment, 1897
Tongue-type fractures, 1908, 1909f
Tophaceous gout, 652–653, 652f
Topographic anatomy

of ankle and hindfoot, 29–34
of anterior ankle, 31–33, 32f, 33f
of forefoot, 36–37, 36f, 37f
of lateral ankle, 29, 29f, 30f
of medial ankle, 30–31, 30f, 31f
of midfoot, 34–36, 35f
of plantar hindfoot, 34, 34f
of posterior ankle, 31, 32f

Total ankle implants, design and procedure 
characteristics, 923t

Total ankle replacement (TAR), 920
absolute and relative contraindications to, 932, 

932t
angular deformities, surgical techniques for, 

937–948
assessment, 939–940
deformity proximal to the ankle, 940–944, 

940f, 941f, 942f, 943f
valgus osteoarthritic ankle, 944, 946f
varus osteoarthritic ankle, 944–948, 946f, 947f

bony overgrowth after, 980, 980f
complications of, 965t
with contained distal tibial bone defect, 988f
contained talar bone defect, 989f
conversion to fusion, 986–989, 992f, 993t
design and procedure characteristics, 923t
history of, 923–926

early and first-generation designs, 923, 
924t–925t, 926f

second-generation designs, 923–925, 927t, 
928f

third-generation designs, 925–926, 928t–930t, 
931f

implant survival, 948–954
arthritis, etiology of, 950
cemented vs. uncemented implantation, 948
concomitant procedures, 953–954, 955f, 956f
with coronal plane malalignment, 950, 

951t–952t
implant design, 950, 950t
implant positioning, 953
patient age, 948–950
postoperative alignment, 953, 954f
preoperative alignment, 950–953, 951t–952t
registry data and systematic review, 948, 949t

infections, 1377–1378, 1378t
learning curve in, 933–935
managing complications of, 964–989, 965t

arthrofibrosis and heterotopic ossification, 
980–981, 980f, 981f

bracing, 983, 984f
complications, 965t
fracture, 967–970, 968f, 969f, 970f
infection and delayed wound healing,  

965–967, 966f, 967f

osteolysis, 970–973, 971f, 972f, 972t, 973f, 974f
pain and impingement, 981–983, 982f, 983f, 

984f
polyethylene wear and failure, 978–980, 978f, 

979f
preoperative risk factors for infection after, 

966t
progressive intracomponent instability and 

deformity, 973–976, 975f
subsidence, 976–978, 976f, 977f

neutrally aligned ankles, surgical techniques for, 
935–937

anterior approach, 935–937, 936f, 938f
lateral approach, 937, 939f
patient positioning, 936f

objective outcome measures, 954–962
adjacent joints, 960, 960t
compared with fusion, 959–960
cost-benefit analysis, 961
function and return to sport, 961
gait, kinetics, and balance, 958–959, 958t
Kellgren-Lawrence grade, 960, 960t
kinematics and biomechanics, 956–958
outcome by implant design, 961–962
outcomes after prior fusion, 962, 963t
patient-specific instrumentation, 962
pedobarographics, 959

operative treatment of ankle arthritis with, 
935–948

outcome instruments in studies on, 962–964
patient-reported outcome measures, 962–964, 

964t
patient selection, 926–935

aligning patient and surgeon expectations, 
932–933

clinical examination, 933
contraindications for, 932, 932t
hindfoot alignment view, 933, 935f
indications for, 926–932
radiographic examination, 933, 934f, 935f

with preoperative sagittal plane deformity, 
942–943, 943f

results of, 948–964
revision, 983–986, 985f, 986t, 987f, 988f, 990f, 

991f, 991t
Salto Talaris total ankle replacement, 920–922, 

922f
Scandinavian TAR, 921f
talar bone loss after, 972t
and talonavicular joint fusion, 955f
uncontained talar bone defect, 990f, 991f

Total ankle total talus replacement, 1015, 1017f
Total-contact cast, 1348f
Total hallux implant, 1108, 1114f
Total talus replacement (TTR)

case examples and technique, 1013–1015, 1014f, 
1016f

design considerations, 1009–1010, 1010f, 1011f, 
1012f, 1013f

management of complications, 1010–1012,  
1013f

outcome data for, 1010
surgical technique, 1013–1015, 1014f, 1016f
three-dimensional printing, 1008–1013, 1009f
total ankle, 1015, 1017f
types of, 1008–1009, 1009f

Total toe implant, failed, 1118, 1122f

Tourniquet use, in foot or below-knee amputation, 
1399

Trachyonychia, 553b–554b, 637
Tramadol, 142
Transcalcaneal talonavicular dislocation, 1921–1922
Transcutaneous nerve stimulator (TNS), for 

complex regional pain syndrome, 778
Transcutaneous oxygen measurement, 1401
Transcutaneous oxygen pressures (TcPO2), 1783
Transfibular approach, 890
Translation deformity, 1310, 1310f
Transmetatarsal amputation, 1406–1410, 1409f, 

1410f, 1425–1426
pitfalls and complications, 1410
postoperative care, 1410, 1410f
prosthetic and biomechanical considerations, 

1425–1426
ankle-foot orthoses, 1425f
Chicago boot, 1426
Lange partial foot prosthesis, 1426f
pressures, 1426f
rocker bottom sole, 1426f

surgical considerations in, 1425
surgical technique, 1408–1410

Transtibial amputation, 1431–1437
progression from healing to definitive prosthesis, 

1434–1435
prosthetic and biomechanical considerations, 

1432–1434
prosthetic socks, 1434
suspension mechanisms, 1434, 1435f
transtibial socket and limb interface, 1434
transtibial socket design, 1432–1434, 1434f

surgical considerations, 1431–1432, 1433t, 1434f
bone bridge techniques, 1432
extended posterior flap technique, 1432
tibia-fibula synostosis, 1434f

Transtibial socket
design, 1432–1434, 1434f
and limb interface, 1434

Transverse figure-of-eight suture, 560–561, 560f
Transverse intermetatarsal ligament release, of 

interdigital neuroma, 685
Transverse metatarsal ligament, pressure against 

common nerve, 677
Transverse rotation, ankle arthrodesis, 13
Transverse tarsal joint. See Midtarsal joint
Transverse tarsal joint complex

calcaneocuboid joints, 4–5
function, 5f
horizontal “foot” segment, 4
removed foot, anatomic specimen, 5f
talonavicular joint morphology, 5, 5f
tarsal-metatarsal joints, 5

Transverse tibiofibular ligament, 1480, 1636
Trauma, 629
Trauma and sepsis, indications for free tissue 

transfer, 1802–1804
Traumatic amputation, 1423f
Traumatic boutonniere deformity, 318, 318f
Traumatic brain injury, 763–764
Traumatic nerve injury, 711–715

clinical symptoms of, 711
conservative management, 712
diagnosis of, 711–712
and entrapment, 676–677. See also Nerve 

entrapment
nonsurgical treatment of, 684

Total ankle replacement (TAR) (Continued)
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surgical treatment of, 712–715
nerve transection and burial, 713–715

treatment principles, 712
Traumatic swan neck deformity, 318, 318f
Traumatic synovitis, of ankle, arthroscopic 

treatment, 1633–1634
indications and contraindications, 1633–1634
nonspecific generalized synovitis, 1634
nonspecific localized synovitis, 1634
postoperative management, 1634
surgical procedures (synovectomy), 1634

Traumatic wounds, 1783–1784, 1784f, 1785f
Trench foot, 612, 612f
Triceps surae contracture, in cerebrovascular 

accident (stroke), 762–763
Tricyclic antidepressants, 615–616

for complex regional pain syndrome, 782
for neuralgia in tarsal tunnel syndrome, 684
for neuralgia of interdigital neuroma, 684

Trigonal process, 1970
Triple arthrodesis, 795, 795f, 796f, 1045–1053, 

1047f, 1280–1282, 1281f
ankle arthritis before and after, 1022f
complications, 1051, 1052f
indications, 1045–1048, 1048f
position of, 1047f, 1048–1049
postoperative care, 1050
progressive ankle coronal plane deformity, 1051, 

1052f
results, 1050–1051, 1050t
revision for malalignment, 1051–1053
surgical approach

single lateral incision, 1050
single medial incision, 1049–1050
two incisions, 1049

True frostbite, 608
Tube gauze padding, 317f
Tuber angle of Böhler, of calcaneus, 1896, 1896f
Tuberculosis, 1385, 1387f

osteoarticular, 1385
Tuberous sclerosis, 630
Tuli heel cups, 114
Tumor(s)

benign fibrous, 646
bone, 656–666
bone forming, 657–659
Brown, 666
cartilage-forming, 659–661
dermal, 646
desmoid, 646
fibrous, 646
giant cell, 662–663, 664f

of tendon sheath, 645
glomus, 561–562, 647
imaging of, 98–99, 101f
metastatic, imaging of, 98–99
nerve, 647
soft tissue, 645–656, 645t, 653t
synovial, 649–652, 654f
vascular, 646–647

Turf toe, 1511–1519, 1511f, 2022
anatomy, 1512, 1514f
chronic, 1515–1516
classification of, 1511, 1512t, 1515–1516, 1516f
clinical evaluation, 1515, 1515f
conservative treatment of, 1512t, 1516–1517, 

1517f

epidemiology of, 1511
etiologic factors in, 1512–1515, 1515f
historical perspective, 1511
mechanisms of injury in, 1512, 1513f
radiologic evaluation of, 1516, 1516f
severity of, 1511–1512
surgical treatment of, 1517–1519

postoperative care, 1517
results, 1517–1519
techniques, 1517, 1518f

Two joint muscle test, 752–753, 753f

U
U osteotomy, 1327
Ulceration, in diabetic foot

biomechanical model for development  
of, 1342

classification of, 1342–1344, 1343f
clinical presentation, 1342
deep infection, 1344
diabetic healing shoe, 1349f
and foot infection, 1331, 1342–1344
forefoot gangrene, 1344
fracture boot with pressure-dissipating insole, 

1349f
hindfoot (Chopart) amputation, 1351f
locations of, 1334f
offloading, 1347
percutaneous tendon Achilles lengthening, 1347f
pre-ulcerative or post-healing, 1344
probe-to-bone test, 1342, 1342f, 1344
superficial ulcer, 1344
total-contact cast, 1348f
treatment of, 1344–1348
Wagner classification, 1342–1343
Wagner Grade 1, 1344, 1344f, 1347
Wagner Grade 2, 1344, 1344f, 1347
Wagner Grade 3, 1344, 1345f, 1347–1348
Wagner Grade 4, 1344, 1346f, 1348
Wagner Grade 5, 1344, 1348
Wagner Grade 0 foot, 1344–1347, 1346f
Wagner-Meggitt classification, 1342–1343, 1343f

Ultrasonographic evaluation, 55–57
advantages of, 55

ganglion or cysts, 73f
Morton neuroma, 73f
soft tissue adjacent surgical hardware, 73f
sonopalpation, 55, 71f
superficial tendons and ligament, 55, 72f, 73f

artifacts, 72f
Doppler, 55, 72f
dynamic, 71f
limitations of, 55

Ultrasound Doppler, diabetic foot, 1340f
Ultrasound guided peripheral nerve block, 129
Ungualabial hypertrophy, 566–567
Unguis incarnatus, 566–567
Unicameral bone cysts, 663–664
University of California Biomechanics Laboratory 

(UCBL), 1247, 1247f
University of California Biomechanics Laboratory 

(UCBL) insert/braces, 116, 116f, 1021
Upper motor neuron disorders, 735
Uric acid production inhibitors, 841
Uricase, 841
Uricosuric agents, 841

V
V osteotomy, 1326–1327
Vacuum therapy. See Negative pressure therapy
Valgus Charcot foot deformity, 1357f, 1358f
Valgus deformity, 1310, 1310f

in myelomeningocele, 745–752
conservative treatment, 746
surgical treatment, 746

Valgus forefoot deformity, and intractable plantar 
keratose, 522f

Valgus hindfoot, with midfoot collapse, 766
Valgus osteoarthritic ankle, total ankle replacement, 

944, 946f
morphologic types of, 944, 945f
surgical technique, 944, 946f

Valleix phenomenon, 695–696
Varicella/Zoster, 631
Varus and valgus stress views, of ankle, 62f
Varus deformity, 1310, 1310f
Varus forefoot deformity, and intractable plantar 

keratoses, 520, 521f
Varus heel deformity, 1292, 1294f
Varus osteoarthritic ankle, total ankle replacement, 

944–948
morphologic types of, 944
surgical technique, 944–948, 946f, 947f

Varus/valgus tilt, 3f
Varus/valgus tilt, ankle joint, 13
Vascular compromise, in Lisfranc joint injuries, 

2014
Vascular reconstruction, in foot or ankle 

amputation, 1401
Vascular tumors, 646–647
Vasomotor regulatory mediations, for complex 

regional pain syndrome, 781
Vein wrap, in revision neurolysis, for failed tarsal 

tunnel release, 705–708
postoperative care, 705
results, 705–708
surgical technique, 705

Venous disease, and chronic leg pain in athletes, 1461
Verrucae, 631–632
Verruca(e) vulgaris

toenail pathology associated with, 561
treatment of, 522

Verrucous carcinoma, 636
Versajet Hydrosurgery System, 1789–1790, 1792f
Vertical body displacements, in gait kinematics, 

16–17
Vertical chevron osteotomy

for plantar keratoses, 526–527, 530f
postoperative care, 527
results, 527
surgical technique, 527

Vertical drawer test, for metatarsophalangeal joint 
alignment, 314, 315f, 347–349

Vertical talus
congenital, 748, 1769–1771

clinical features of, 1770, 1770f, 1771f
correction of

extensive soft tissue release surgical 
technique, 1772–1773

minimally invasive treatment approach in, 
1771–1772, 1772f

pathologic mechanisms in, 1770
postoperative care, 1773
treatment goals in, 1770–1771, 1771f

Traumatic nerve injury (Continued) Turf toe (Continued)
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etiology of, 1770
incidence of, 1770
prevalence, 1770

in patients with myelomeningocele, surgical 
treatment of, 748

Vigilon, 1794
Viral infections

Coxsackie A16 enterovirus, 631
erythema infectiosum, 631
exanthems, 631
fifth disease, 631
hand, foot, and mouth disease, 631
herpes simplex, 631
herpes zoster or shingles, 631, 631f
HHV-3 virus, 631
measles, 631
molluscum contagiosum, 631
parvovirus B19, 631
plantar warts, 632, 632f
rubella, 631
varicella/zoster, 631
verrucae, 631–632

Visco heels, 114, 115f
Viscoped foot orthoses, 114, 115f
Vitamin B6

oral
for neuralgia in tarsal tunnel syndrome, 725
for neuralgia of interdigital neuroma, 699

Volkmann fragment, 1835, 1839, 1866f
V-Y advancement, in chronic Achilles tendinosis, 

1571, 1573f
postoperative care, 1571
results, 1571
surgical technique, 1571

W
Wagner classification, 1342–1343

Wagner Grade 1, 1344, 1344f, 1347
Wagner Grade 2, 1344, 1344f, 1347
Wagner Grade 3, 1344, 1345f, 1347–1348
Wagner Grade 4, 1344, 1346f, 1348
Wagner Grade 5, 1344, 1348
Wagner Grade 0 foot, 1344–1347, 1346f

Wagner-Meggitt classification, 1342–1343, 1343f
Wagstaffe fracture, 1863–1864
Walking

joint dorsiflexion-plantar flexion, 12f
kinetics, 23–24

plantar pressure, 23
whole body kinetics, 24

Walking cycle, 1–2
first interval, 10–11
phases, 2f
second interval, 11–12
third interval, 12

Warts, 631–632
treatment of, 522

Watermann osteotomy, 1097–1098, 1104f
Weight-bearing computed tomography (WBCT), 

78–79
pes cavus, 1295, 1296f

Weight bearing foot measurement, lateral,  
69f

Weight bearing radiography, 1313b,  
1314f

anteroposterior view of ankles, 55f
anteroposterior view of feet, 56f
of infant feet, 57f
lateral view of feet, 56f

Weil osteotomy. See Distal metatarsal (Weil) 
osteotomy

Westhues/Essex-Lopresti maneuver, 1912
White superficial onychomycosis, 570, 572
Whitfield ointment, 555b
Whole body kinetics, 18–23
Wilson fifth toe procedure, 383, 384f

postoperative care in, 383
surgical technique, 383

Wilson-type osteotomy, 290
Wiltse osteotomy, in valgus deformity in 

myelomeningocele, 751, 751f
Wind-lass mechanism, foot, 8
Windlass test, of plantar fascia, 36, 508–509,  

509f
Winograd procedure, 588f

partial onychectomy, 561f
results and complications of, 586
surgical technique, 585

Wound closure. See also Surgical wound 
breakdown; Surgical wound infections

delayed primary, 1407f
in foot or ankle amputation, 1400–1401,  

1400f
fundamentals of good technique, 1815–1816
in soft tissue reconstruction, 1797

Wound debridement, 1400
in soft tissue reconstruction, 1789–1794

chronic wounds, 1790–1794
fresh wounds, 1790, 1793f, 1794f

Wound dressing, before soft tissue reconstruction, 
1794–1795

Wound healing, delayed, 965–967, 966f,  
967f

bunion surgery, 276
Wound-healing potential, in diabetic foot, 

1340–1342
Wounds

pressure, 1783
surgical, 1783
traumatic, 1783–1784, 1784f, 1785f

Wrinkle test, 1906, 1906f

X
Xanthine oxidase inhibitors, 841
Xanthoma of tendon, 652
Xeroform, 1798–1799
Xeroradiograph, Syme amputation, 1429f
X-Prosthesis device, 1811, 1811f

Y
Yellow nail syndrome, 553b–554b, 556f

Z
Zadik procedure

alternative procedure, 586
postoperative care, 586
results and complications, 586
surgical technique, 586

Zone of injury, 1802–1804
Zygosyndactyly, 1775

Vertical talus (Continued)
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PART I  General Considerations

Biomechanics of the Foot and Ankle
Debbie Y. Dang

1

The human foot is composed of 28 bones and 33 joint articulations. 
Together, the feet account for more than 25% of the total number of 
bones in the human body! These numbers only hint at the intricate 
anatomic and physiologic relationships that make bipedal locomo-
tion possible. The foot and ankle surgeon needs a firm understand-
ing of these relationships in order to diagnose, counsel, and treat 
patients.

This chapter, focused on foot and ankle biomechanics, is intended to 
provide the reader a foundation upon which to build an understanding 
of subsequent topics. First, a review of the gait cycle will be presented. 
Next, the biomechanics of the foot and ankle as it relates to gait will be 
outlined. And from these, surgical implications regarding the foot and 
ankle will be drawn. For greater details, the final sections in the chapter 
touch upon the kinematics and kinetics of human locomotion.

This chapter is based on the assumption that the reader has accurate 
knowledge of the anatomy of the foot and ankle. For review, the reader 
is encouraged to refer to anatomy textbooks that depict in detail the 
precise anatomic structures constituting the foot and ankle.1,2

GAIT CYCLE
At the most fundamental level, gait is defined as the manner in which 
a person walks. Incredible advancements in computing, sensor, and 
imaging technologies have made it possible for nuances in human 
motion to be captured and mimicked in two- and three-dimensional 
(3D) spaces. One need to only watch some of the latest Hollywood 
movies to see how seamlessly computer-generated movements inte-
grate with natural human locomotion. At the root of these advance-
ments are the basic principles of gait that were initially studied and 
outlined by surgeon scientists in the last century. Outlined below are 
the fundamental aspects of the gait cycle that a surgeon should under-
stand. More detailed descriptions of gait analysis can be found in the 
literature.3,4

The walking cycle, being one of continuous motion, is difficult to 
appreciate in its entirety because so many events occur simultane-
ously. For simplicity, the cycle can first be considered from the stand-
point of one limb. The gait cycle begins when the heel of that limb 

C H A P T E R  O U T L I N E
Gait Cycle, 1
Foot and Ankle Biomechanics, 2

Joint Mechanics, 2
The Ankle Joint, 2
The Subtalar Joint, 3
The Transverse Tarsal Joint Complex, 4
Tarsometatarsal Joints and Columns of the Midfoot, 5
Metatarsophalangeal Joints, 5
Progression From a Supple to Rigid Platform, 6

Passive and Active Modulators of Joint Biomechanics, 7
The Plantar Aponeurosis, 7
The Posterior Calf Muscles, 8
The Anterior Calf Muscles, 9
Ligaments of the Ankle, 9

Putting It Together: Joint Mechanics and Modulators  
During Gait, 10
First Interval, 10
Second Interval, 11
Third Interval, 12

Component Mechanics of Running, 12

Clinical Implications of Foot and Ankle Biomechanics, 13
Ankle Arthrodesis, 13

Transverse Rotation, 13
Varus or Valgus Tilt, 13
Dorsiflexion, 13

Hindfoot Alignment, 13
Midfoot Alignment, 14
Forefoot Principles, 15
Tendon Transfers, 15
Ankle Ligaments, 15

Kinematics and Kinetics of Human Locomotion, 16
Kinematics, 16

Vertical Body Displacements, 16
Lateral Body Displacements, 17
Horizontal Limb Rotation, 17

Kinetics, 18
Measuring Whole Body Kinetics and Plantar Pressure, 18
Kinetics of Walking, 23
Kinetics of Running, 24
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2 PART I  General Considerations

contacts the ground and ends when it again contacts the ground on 
the subsequent step. Within this cycle, are two phases: stance phase 
occurs while the foot is in contact with the ground and swing phase 
occurs while the foot is not in contact with the ground. For a given 
limb, more time is spent in stance phase (about 62%) than in swing 
phase (about 38%) (Fig. 1-1).

Each phase can further be divided into intervals. During stance 
phase, the first interval begins when the heel strikes the ground (initial 
contact) and continues to when the foot lies flat (loading response). The 
second interval occurs as the foot lies flat and the body weight passes 
over and is briefly aligned with the foot (mid stance). The third interval 
happens as the body “falls” over the foot, the heel rises from the floor 
(terminal stance), and the toes begin to leave the floor (pre-swing).

Continuing to follow the same limb, swing phase then occurs. It 
begins with initial swing, or toe-off, when the foot leaves the ground to 
when the knee is at maximum flexion during gait. Then mid swing hap-
pens between when the knee is at maximum flexion to when the tibia is 
vertical. This continues to terminal swing, from when the tibia is verti-
cal to just before the heel hits the ground again to begin another cycle.

Of course, as one limb is experiencing one phase of the gait cycle, 
the other limb is in some part of the opposite phase. It is helpful now to 
think of what is occurring with the contralateral limb during the phases 
of gait. Let’s consider the left and right limbs. During the first interval 
of stance phase, as the left foot experiences a loading response, the right 
foot is experiencing initial swing, or toe-off, both feet are momentarily 
touching the ground, providing double limb support. Then, as the body 
weight passes over the left foot, and the left foot experiences mid stance 
during the second interval, the right leg is in mid swing. During this 
time, there is single-limb support on the left leg. In the third interval, 
as the left foot experiences heel rise and pre-swing, the right foot is 
in terminal swing. Again, at this point, there is double limb support, 
where both feet are touching the ground.

FOOT AND ANKLE BIOMECHANICS
Now, with a basic understanding of the gait cycle, let’s consider the 
mechanical principles that govern gait. The foot is often viewed as 
a rigid base that supports the rest of the body, when in fact, it is a 

dynamic structure that changes to accommodate different needs dur-
ing movement.

Consider the gait cycle described in the previous section. During 
stance phase, at heel strike, the foot needs to be supple in order to 
absorb the impact energy that comes with the weight of the body con-
tacting the floor. And within moments, at the end of stance phase, that 
same foot transforms into a rigid structure over which the weight of the 
body can pass and fall into heel strike of the other foot. How does this 
transition happen?

Just as the gait cycle itself is the result of multiple concurrent events, 
the structural changes that occur during locomotion are the result of 
a confluence of anatomic relationships. There are passive relationships 
based on bone and joint anatomy, and there are also active relation-
ships between muscle groups and their actions over each joint. The 
following sections explore these relationships separately before putting 
the information together so that it is more easily appreciated how the 
foot transitions from being supple to being rigid over the course of a 
gait cycle.

Joint Mechanics
To start, it is simplest to focus attention on one joint at a time, then to 
put together the knowledge about each joint to see how one affects the 
others during the foot’s transition from suppleness to rigidity.

The Ankle Joint
The ankle joint is oriented obliquely in the transverse (or axial) plane 
as well as in the coronal plane. In the transverse, or axial plane, the 
ankle joint is externally rotated in relation to the sagittal plane. In the 
clinical literature, this rotation is described as tibial torsion and affects 
the degree to which the foot is internally or externally rotated, or the 
degree to which there is in-toeing or out-toeing.

In the coronal plane, the ankle axis is best approximated by a line 
connecting the tips of the medial and lateral malleoli (Fig. 1-2). The 
actual axis passes just distal to the tip of each malleolus. In the coronal 
plane, Inman found that the axis of the ankle may deviate 88 to 100 
degrees from the vertical axis of the leg, with an average of 93 degrees.5 
It slants from proximal medial to distal lateral (Fig. 1-3).

The obliquity of the ankle joint contributes to the relative rota-
tion of the leg and the foot depending on the position of the joint.6  

Percent of gait cycle

0 7 12 34 50 10062

Heel
Strike

Foot
Flat

Heel
Rise Toe-off

Heel
Strike

Opposite
Toe-off

Opposite
Heel Strike

Stance phase Swing phase

Double
Limb
Support

Single
Limb
Support

Double
Limb
Support

Fig. 1-1  Phases of the walking cycle. Stance phase constitutes approxi-
mately 62% and swing phase 38% of cycle. During stance phase of 
walking, there are two periods of double limb support and one period of 
single limb support. Stance phase is further divided into three intervals: 
from heel strike to foot flat at approximately 7% of the gait cycle, foot 
flat to heel rise at approximately 34% of the gait cycle, and heel rise to 
toe-off at approximately 62% of the gait cycle.

Fig. 1-2  Estimation of obliquity of empirical ankle axis by palpating tips 
of malleoli.
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3CHAPTER 1  Biomechanics of the Foot and Ankle

When the leg is held still and the foot is allowed to move, dorsiflexion 
of the ankle causes the foot to deviate outward. Plantarflexion causes 
the foot to deviate inward (Fig. 1-4). The amount of rotation varies with 
the obliquity of the joint and the degree of dorsiflexion and plantar 
flexion. Conversely, when the feet are fixed to the floor, ankle dorsiflex-
ion causes the tibia to rotate internally, and plantar flexion causes the 
tibia to rotate externally (Fig. 1-5).

It is important to note that an oblique ankle axis does not fully 
account for all of the leg rotation and foot positions during movement. 
For example, when the magnitudes of the various displacements are 
studied, it becomes clear that the rotation of the leg attributable to 
ankle axis obliquity is much smaller than the degree of horizontal rota-
tion of the leg that actually occurs. This additional rotation occurs due 
to the interplay of joints both proximal and distal to the ankle joint as 
discussed below.

The Subtalar Joint
The subtalar joint works in cooperation with the more proximal 
joints of the lower limb to account for the additional leg rotation not 
explained by the obliquity of the ankle joint axis. The subtalar joint 
is a sliding single-axis joint that acts like a mitered hinge connecting 
the talus and the calcaneus. In the coronal plane, the axis passes from 
medial to lateral at an angle of approximately 16 degrees. In the sagittal 
plane, the axis is angled about 42 degrees from horizontal. In the trans-
verse plane, the joint deviates approximately 23 degrees medially from 
the long axis of the foot7,8 (Fig. 1-6).

Mechanically, this hinge joint can be modeled by two boards joined 
by a hinge as in Fig. 1-7A. The vertical board represents the tibia and 

SD = ± 3.6°
74°

94°

x = 82°
_

x = 93°
_

SD = ± 2.7°

Range 88°

100°

A B

Fig. 1-3  A, Variations in angle between midline of tibia and plafond of mortise. B, Variations in angle between 
midline of tibia and empiric axis of ankle. SD, Standard deviation; x̅, arithmetic mean. (From Inman VT: The 
joints of the ankle, Baltimore, 1976, Williams & Wilkins.)

Light Light Light

Fixed
in

space

Fixed
in

space

Fixed
in

space

Horizontal plane

Fig. 1-4  Effect of obliquely placed ankle axis on rotation of foot in 
horizontal plane during plantar flexion and dorsiflexion, with foot free. 
Displacement is reflected in shadows of the foot.

α

Fig. 1-5  Foot fixed to floor. Plantar flexion and dorsiflexion of ankle pro-
duce horizontal rotation of leg because of obliquity of the ankle axis.
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4 PART I  General Considerations

the horizontal board the foot. If the axis of the hinge is 45 degrees, 
then a simple torque converter has been created. Rotation of the verti-
cal member causes equal rotation of the horizontal member. Changing 
the angle of the hinge alters this one-to-one relationship such that a 
more horizontally placed hinge causes a greater rotation of the hori-
zontal member for each degree of rotation of the vertical member.  

And the reverse is true such that a more vertically oriented hinge causes 
a smaller rotation of the horizontal member for each degree of rota-
tion of the vertical member. External rotation of the leg is converted 
to hindfoot inversion through the oblique axis of the subtalar joint.9

The importance of this mechanical relationship is apparent when 
comparing the angle of the subtalar joint in the sagittal plane in indi-
viduals with congenital pes planus and those with cavovarus deformity. 
In individuals with congenital pes planus, the subtalar joint tends to be 
more horizontally oriented. In these individuals, a more horizontally 
angled subtalar joint results in greater suppleness of the hindfoot.

Conversely, in individuals with cavovarus feet, the subtalar joint 
tends to be oriented more vertically. This means that for each degree 
of rotation of the leg, there is relatively less inversion or eversion of the 
hindfoot. Individuals with cavovarus feet therefore tend to have stiffer, 
more rigid joints in the hindfoot.

The Transverse Tarsal Joint Complex
Traveling distally from the subtalar joint, the calcaneocuboid and talo-
navicular articulations together make up the transverse tarsal joint 
complex. While each possess some independent motion, from a func-
tional standpoint, they perform together.

The simple model described above for the subtalar joint can be 
refined further to include the transverse tarsal joint complex (see Fig. 
1-7B). The horizontal “foot” segment is divided into a short proximal 
and a long distal segment, with a pivot between the two segments. This 
pivot represents the transverse tarsal joint complex. Keeping the longer 
distal segment fixed to the floor in this model, the rotation at the pivot 
allows for inward and outward tilt at the shorter proximal segment. 
Analogously in the foot, the transverse tarsal joint is like a pivot that 
allows for hindfoot inversion and eversion while the forefoot remains 
in contact with the ground.

A closer look at the two joints of the transverse tarsal joint complex, 
the calcaneocuboid and talonavicular joints, reveals that beyond being 
a pivot between the hind and forefoot, they are responsible for the tran-
sition from suppleness to rigidity during gait. Elftman10 demonstrated 
that the axes of these two joints are parallel when the calcaneus is in 
an everted position and are nonparallel when the calcaneus is in an 
inverted position. The importance of this is that, when the axes are par-
allel, there is flexibility within the transverse tarsal joint, whereas when 

Subtalar
axis

x = 23°

47°

69° Axis of 
subtalar joint

21°

Horizontal
plane

x = 41°
_

_

A B
Fig. 1-6  Variations in subtalar joint axes. A, In transverse plane, subtalar axis deviates approximately 23 
degrees medial to long axis of foot, with range of 4 to 47 degrees. B, In horizontal plane, axis approxi-
mates 41 degrees, with range of 21 to 69 degrees. x̅, Arithmetic mean. (Modified from Isman RE, Inman VT: 
Anthropometric studies of the human foot and ankle, Bull Prosthet Res 10:97, 1969.)

A

B
Fig. 1-7  Simple mechanism demonstrating functional relationships. A, 
Action of mitered hinge. B, Addition of pivot between two segments of 
mechanism.
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5CHAPTER 1  Biomechanics of the Foot and Ankle

the axes are nonparallel, there is rigidity at the transverse tarsal joint. 
Imagine a door where the hinges all line up and will open and close eas-
ily, whereas if the hinges of a door diverge, then the door will be stuck 
in one position. In other words, when the heel everts, the transverse 
tarsal joint is “unlocked” (supple), and when the heel inverts, the joint is 
“locked” (rigid) (Figs. 1-8 and 1-9).

Another clinical correlation can be drawn here. The dependency of 
transverse tarsal joint suppleness on hindfoot position further contrib-
utes to the suppleness of the foot in an individual with congenital pes 
planovalgus compared to someone with cavovarus deformity. Those 
with a valgus hindfoot will more likely have an “unlocked” and supple 
midfoot. (A caveat here is that this is not true in patients with advanced 
adult acquired flatfoot deformity, which is discussed in Chapter 29.) 
Those with a varus hindfoot will likely have a locked and rigid midfoot.

The talonavicular joint morphology adds additional stability to the 
longitudinal arch when force is applied across it during the last half of 
the stance phase. The joint surface has different curvature of radius in 
the anteroposterior and lateral projections (Fig. 1-10). When force is 
applied across a joint of this shape, stability is enhanced. This occurs at 
toe-off, when the plantar aponeurosis (described below) has stabilized 
the longitudinal arch and most of the body weight is being borne by the 
forefoot and medial longitudinal arch.

Tarsometatarsal Joints and Columns of the Midfoot
Traveling distally from the transverse tarsal joint complex, the midfoot 
can be divided further into two columns. The medial column consists 
of the first through third rays, including the cuneiform-metatarsal 
joints and their respective metatarsals. The lateral column consists of 
the fourth and fifth rays, including the cuboid-metatarsal joints, and 
the fourth and fifth metatarsals.

Anatomically, the tarsal-metatarsal joints in the medial column are 
relatively stiff compared to those at the lateral column. The medial col-
umn is therefore considered rigid, while the lateral column is supple. 
If the model from the previous section is further elaborated to incor-
porate the foot columns, then the long distal “foot” segment is divided 
into a medial and a slightly shorter lateral column (Fig. 1-11). External 
rotation of the vertical component of the model leads to inversion of 
the hindfoot portion, which then leads to elevation of the rigid medial 
forefoot and depression of the lateral forefoot. Internal rotation of the 

TN

CC

TN

CC

EVERSION INVERSION

Fig. 1-8  Function of transverse tarsal joint (as described by Elftman H: 
The transverse tarsal joint and its control, Clin Orthop Relat Res 16:41–
46, 1960) demonstrates that when the calcaneus is in eversion, the resul-
tant axes of talonavicular (TN) and calcaneocuboid (CC) joints are parallel. 
When the subtalar joint is in an inverted position, the axes are nonparallel, 
giving increased stability to the midfoot.

leg produces the opposite effect on the foot such that the hindfoot is 
everted, the medial forefoot is depressed, and the relatively flexible lat-
eral forefoot remains in contact with the floor.

Metatarsophalangeal Joints
Finally, at the distal portion the foot are the metatarsaophalangeal 
joints. The distinguishing feature of the metatarsophalangeal joints is 
the axis formed by the unequal forward extension of the metatarsals 

Fig. 1-9  Anatomic specimen with the foot removed at the transverse 
tarsal joint complex, demonstrating the relationship between talus and 
calcaneus during hindfoot motion. The talar head (T) and calcaneal side 
of the calcaneocuboid joint (C) are shown. The vertical line highlights 
motion of the calcaneus relative to the talus. K-wires mark the axes of 
the respective joints. When the calcaneus is in the everted position, 
the talonavicular and calcaneocuboid joint axes are parallel, and the 
transverse tarsal joint complex is mobile. When the calcaneus is in an 
inverted position, following the direction of the arrow, the talonavicular 
and calcaneocuboid joint axes diverge, and the transverse tarsal joint 
complex is locked.

Talus

Navicular

d d

Fig. 1-10  Talonavicular joint. Left, Anterior view. Right, Lateral view. 
Relationship of head of talus to navicular bone shows differing diam-
eters of head of talus. (From Mann RA: Intractable plantar keratoses. 
In Nicholas JA, Hershman EB, editors: The lower extremity and spine in 
sports medicine, ed 2, St Louis, 1995, Mosby.)
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6 PART I  General Considerations

(Fig. 1-12). This is referred to as the metatarsophalangeal break. The 
head of the second metatarsal is the most distal head; that of the fifth is 
the most proximal. Although the first metatarsal usually is shorter than 
the second (because the first metatarsal head is slightly elevated and is 
supported by the two sesamoid bones), it often functionally approxi-
mates the length of the second.

In the model above, the metatarsophalangeal break is modeled by 
a gentle taper or cascade in the length of the two columns going from 
medial to lateral. As the heel inverts and the medial column elevates, 
the axis of the metatarsophalangeal break allows all of the metatarsal 
heads to be in contact with the ground, thus evenly distributing body 
weight across the forefoot. If the metatarsals were all the same length, 
then as the heel inverts, only the metatarsal head of the fifth ray would 
be in contact with the ground. This concept is modeled more simply in 
Fig. 1-13. The angle between the metatarsal break and the longitudinal 
axis of the foot may vary from 50 to 70 degrees.11 The more oblique the 
metatarsal break, the more the foot must supinate and deviate laterally 
after heel rise.

Progression From a Supple to Rigid Platform
At this point, the reader can take a moment to synthesize the relation-
ships among the joints described in the models above to understand 
the cascade of events that allow the foot to transition from a supple to 
a rigid platform during gait.

The first interval in the gait cycle begins with heel strike and con-
tinues to when the foot lies flat. Just prior to heel strike, the hindfoot is 
inverted due to the pull of the tibialis anterior tendon. At heel strike, the 
anatomic position of the calcaneus being lateral to the tibial mechani-
cal axis leads to eversion at the hindfoot, which leads to internal rota-
tion of the leg proximally.12 Distally this rapid eversion of the hindfoot 
unlocks the transverse tarsal joint, leaving a supple midfoot that allows 
both columns to contact the ground, absorbing the impact energy.

Then during the second interval of the gait cycle, the limb transi-
tions through stance phase and the leg externally rotates, causing the 
hindfoot to invert, which then locks the transverse tarsal joint, leaving a 
rigid midfoot wherein the relatively stiff medial column is elevated and 
the lateral column is depressed.

A B

C D
Fig. 1-11  Distal portion of horizontal member replaced by two struc-
tures. A and B, Mechanical analog of principal components of foot. C 
and D, Mechanical components inserted into foot and leg.

x = 62o_

72.5o

53.5o

Metatarsal
break

Fig. 1-12  Variations in metatarsal break in relation to longitudinal axis of 
foot. (From Isman RE, Inman VT: Anthropometric studies of the human 
foot and ankle, Bull Prosthet Res 10:97, 1969.)

Fig. 1-13  Supination and lateral deviation of foot during raising of heel 
caused by oblique metatarsophalangeal break. A, Wooden mechanism 
without articulation. If no articulation is present, the leg deviates later-
ally. B, Model including the subtalar joint articulation. In addition to its 
other complex functions, the subtalar joint functions to permit the leg 
to remain vertical.
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7CHAPTER 1  Biomechanics of the Foot and Ankle

In the third interval, the body weight passes over the rigid mid-
foot while the heel remains inverted and transverse tarsal joints locked. 
And since there is an oblique axis to the metatarsophalangeal break, the 
forefoot remains in contact with the ground, with body weight evenly 
distributed across the metatarsal heads. In this way, as the heel lifts, the 
body weight can pass over a rigid and supportive foot.

The next section will introduce the modulators of the joint 
mechanics described above. Figs. 1–14 to 1–16 provide a visual rep-
resentation of the multiple events that occur during the intervals of 
stance phase.

Passive and Active Modulators of Joint Biomechanics
The mechanical relationships at the joints described above are modu-
lated by both passive and active means. The anatomic characteristics at 
each joint described above are key passive contributors to the typical 
movements of the foot. The plantar aponeurosis, described below, is 
another important passive contributor to achieving a rigid platform in 
the foot during gait. The multiple tendons that cross the ankle into the 
foot are part of active systems that control foot biomechanics.

The Plantar Aponeurosis
An important passive contributor to foot biomechanics is the plantar 
aponeurosis, a band of fibrous tissue arising from the tubercle of the 
calcaneus and passing distally to insert into the base of the proximal 
phalanx (Fig. 1-17). As the plantar aponeurosis passes the plantar 
aspect of the metatarsophalangeal joints, it combines with the joint 
capsule to form the plantar plate.

First interval

Percentage
of

body weight

Dorsiflexion

Plantar
flexion

Intrinsic muscles of foot

Posterior tibial muscles

Anterior tibial muscles

Supination

Pronation

Internal
rotation

External
rotation

Percentage of
walking cycle

0%                                  15%

20˚
10˚

10˚
20˚
20˚
10˚

10˚
20˚

A

B

C

D

E

20˚
10˚

10˚
20˚

125%
100%

50%

Body weight

Ankle rotation

Neutral standing position

EMG activity

Subtalar rotation

Neutral standing position

Horizontal rotation
of tibia

Neutral standing position

Fig. 1-14  Composite of events of first interval of walking, or period that 
extends from heel strike to foot flat, and occurs during the first 15% of 
the walking cycle. The heel’s impact and body’s center of gravity shift 
results in vertical floor reaction that transitions from zero to exceeding 
body weight by 15% to 25% (A). The ankle begins in dorsiflexion and 
progresses through plantarflexion (B). The anterior tibial muscles are 
active as seen in electromyograph (EMG) tracings (C), as they control 
the progressive plantar flexion at the ankle. The heel is mostly pronated 
to allow the foot to absorb the energy as the foot hits the ground (D). 
Accordingly, there is increased external rotation at the tibia as the hind-
foot pronates (E).

Second
 interval

Percentage
of body
weight

Dorsiflexion

Plantar
flexion

Intrinsic
muscles of foot

Posterior
tibial muscles
 Anterior tibial

muscles

Supination

Pronation

Internal
rotation

External
rotation

Percentage of walking cycle
15%                          30%                         40%

20˚
10˚
10˚
20˚
20˚
10˚
10˚
20˚

A

B

C

D

E

20˚
10˚
10˚
20˚

125%
100%
50%

Body weight

Ankle rotation

Neutral standing position

EMG activity

Subtalar rotation

Neutral standing position

Horizontal rotation of tibia

Neutral standing position

Fig. 1-15  Composite of events of second interval of walking, or period 
of foot flat, which extends from 15% to 40% of the walking cycle. As 
the body passes over the foot in stance phase, force plate recordings 
show that the load on the foot may be as low as 70% to 80% of actual 
body weight (A). The ankle progresses from plantar to dorsiflexion (B), 
and the posterior tibial muscles contract eccentrically, along with the 
intrinsic foot muscles, to control the forward movement of the tibia (C), 
allowing the contralateral leg to take a longer step. The hindfoot supi-
nates, and the tibia begins to come out of internal rotation (D and E).
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8 PART I  General Considerations

The plantar aponeurosis is the most significant stabilizer of the lon-
gitudinal arch between heel rise and toe off. As the body moves over the 
fixed foot and the heel begins to rise, the proximal phalanges dorsiflex, 
pulling the plantar aponeurosis over the metatarsal heads. This tightens 
the plantar fascia, resulting in a depression of the metatarsal heads and 
an elevation of the longitudinal arch (Fig. 1-18). This mechanism is 
passive in that no muscle function per se brings about this stabilization.

The plantar aponeurosis is most functional on the medial side of 
the foot and becomes less functional as one moves laterally toward the 
fifth metatarsophalangeal articulation. Based on its medial attachment 
to the calcaneus, plantar fascia tightening also contributes to hindfoot 

inversion, tibial external rotation, and transverse tarsal joint stabiliza-
tion.13 These changes stabilize the midfoot and further allow the foot to 
act as a rigid lever during the toe-off phase of gait.

The function of the plantar aponeurosis is referred to as the wind-
lass mechanism of the foot, likening its structure and function to an 
anchor windlass on a boat.14 The mechanics of the windlass mechanism 
can be demonstrated clinically by having an individual stand and forc-
ing the great toe into dorsiflexion. As this occurs, one observes eleva-
tion of the longitudinal arch by the depression of the first metatarsal by 
the proximal phalanx, and, at the same time, inversion of the calcaneus. 
Careful observation of the tibia demonstrates that it externally rotates 
in response to this calcaneal inversion.

The Posterior Calf Muscles
The function of the posterior calf group during stance phase is to con-
trol the forward movement of the tibia on the fixed foot.15,16 Control of 
the forward movement of the stance leg tibia is critical to normal gait 
because it permits the contralateral leg to take a longer step, increasing 
stride length and improving walking efficiency. In pathologic states in 
which the calf muscle is weak, the stride length shortens, and dorsi-
flexion occurs at the ankle joint after heel strike because it is a position 
of stability. Paradoxically, the ankle is held more rigidly by secondary 
stabilizers to make up for the inability to control ankle dorsiflexion.17

The posterior calf muscles basically function as a group, although 
the tibialis posterior and peroneus longus muscles usually begin func-
tioning by about 10% of the stance phase, whereas the other posterior 
calf muscles tend to become functional at about 20% of the stance 
phase. As the ankle joint undergoes progressive dorsiflexion from foot 
flat until heel rise at 40% of the cycle, these muscles contract eccentri-
cally. After heel rise, as ankle plantar flexion begins, they continue to 
contract, but now via a concentric contraction. It is interesting to note, 
however, that by 50% of the cycle, the electrical activity in these muscles 

Third interval

Percentage
of

body weight

Dorsiflexion

Plantar
flexion

Intrinsic muscles of foot

Posterior tibial muscles

Anterior tibial muscles

Supination

Pronation

Internal
rotation

External
rotation

Percentage of
walking cycle

40%                                  65%

20˚
10˚

10˚
20˚
20˚
10˚

10˚
20˚

A

B

C

D

E

20˚
10˚

10˚
20˚

125%
100%

50%

Body weight

Ankle rotation

Neutral standing position

EMG activity

Subtalar rotation

Neutral standing position

Horizontal rotation
of tibia

Neutral standing position

Fig. 1-16  Composite of all events of third interval of walking, or period 
extending from foot flat to toe-off, and extends from 40% to 62% of the 
walking cycle. At the end of stance phase, as the other foot begins heel 
strike, the stance phase foot accordingly does not bear force toward 
the end of heel rise (A). The ankle plantar flexes at toe-off (B), driven by 
concentric contraction of the posterior calf musculature (C). The anterior 
compartment muscles become active in the last 5% of this interval. 
The subtalar joint remains supinated, and the tibia goes into external 
rotation (D and E).

A

C

B

Plantar
pads

Plantar
aponeurosis

Flexor tendon
Capsule

Plantar pad

Fig. 1-17  Plantar aponeurosis. A, Division of plantar aponeurosis around 
flexor tendons. B, Components of plantar pad and its insertion into base 
of proximal phalanx. C, Extension of toes draws plantar pad over meta-
tarsal head, pushing it into plantar flexion.
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9CHAPTER 1  Biomechanics of the Foot and Ankle

ceases, and the remainder of the plantar flexion of the ankle joint is 
a passive event. High-speed motion pictures have demonstrated that 
during steady-state walking, at the time of toe-off, the foot is lifted from 
the ground, and the toes do not actively push off.

Muscle activity in the deep posterior compartment contributes to 
hindfoot inversion (see Fig. 1-15). As the posterior tibial muscle–ten-
don complex contracts, the hindfoot is pulled into inversion. Activity 
of the intrinsic muscles of the foot also contributes to midfoot stability 
and correlates fairly closely with the degree of subtalar joint rotation. 

In the normal foot, the intrinsic muscles become active at about 30% 
of the walking cycle, whereas in flatfoot, they become active during the 
first 15% of the walking cycle18 (Fig. 1-19).

The Anterior Calf Muscles
The anterior calf muscles contract eccentrically and function to slow 
the rapid ankle plantarflexion as the foot goes from heel strike to 
flatfoot during the first interval of the gait cycle. Anterior compart-
ment musculature weakness results in a footdrop gait, characterized 
by accentuated hip flexion or circumduction of the hip during swing 
phase to avoid the toes of the dropped foot hitting the floor during 
swing-through.

During swing phase, dorsiflexion occurs at the ankle joint. Beginning 
at about 55% of the cycle and throughout swing phase, the anterior 
compartment muscles contract concentrically to dorsiflex the ankle. 
The medial insertion of the tibialis anterior tendon pulls the hindfoot 
into slight inversion during swing phase such that the calcaneus is 
slightly inverted at initial heel strike, before everting as described above 
(see Figs. 1-14–1-16). This is why most people will wear down the outer 
edge of the heel in their shoes asymmetrically.

Ligaments of the Ankle
The ankle joint is stabilized by ligaments whose configuration and 
alignment permit free movement of the ankle and subtalar joints to 
occur simultaneously. Because the configuration of the trochlear sur-
face of the talus is curved to produce a cone-shaped articulation whose 
apex is directed medially, the single fan-shaped deltoid ligament is 
adequate to provide stability to the medial side of the ankle joint (Fig. 
1-20). However, on the lateral aspect of the ankle joint, there is a larger 
area to be covered by a ligamentous structure. The lateral ligaments are 
divided into three bands: the anterior and posterior talofibular liga-
ments, and the calcaneofibular ligament.

Fig. 1-21 demonstrates the anterior talofibular and calcaneofibu-
lar ligaments in relation to the subtalar joint axis. The calcaneofibu-
lar ligament is parallel to the subtalar joint axis in the sagittal plane. 
As the ankle joint is dorsiflexed and plantar flexed, this relationship 
between the calcaneofibular ligament and the subtalar joint axis does 
not change. It is important to appreciate that, when the ankle joint is in 
neutral position, the calcaneofibular ligament is angulated posteriorly, 
but as the ankle joint is brought into more dorsiflexion, the calcaneo-
fibular ligament is brought into line with the fibula, thereby becoming 
a true collateral ligament. Conversely, as the ankle joint is brought into 
plantar flexion, the calcaneofibular ligament becomes horizontal to the 
ground. In this position, it provides little or no stability for resisting 
inversion stress.

The anterior talofibular ligament, on the other hand, is brought into 
line with the fibula when the ankle joint is plantar flexed, thereby acting 
as a collateral ligament. When the ankle joint is brought up into dorsi-
flexion, the anterior talofibular ligament becomes sufficiently horizon-
tal so that it does not function as a collateral ligament. It can thus be 
appreciated that, depending on the position of the ankle joint, either 
the calcaneofibular or the anterior talofibular ligament will be a true 
collateral ligament with regard to providing stability to the lateral side 
of the ankle joint.

The relationship between these two ligaments has been quantified 
and is presented in Fig. 1-22. This demonstrates the relationship of the 
angle produced by the calcaneofibular and the anterior talofibular liga-
ments to one another. The average angle in the sagittal plane is approxi-
mately 105 degrees, although there is considerable variation, from 70 
to 140 degrees. This is important because, from a clinical standpoint, it 
partially explains why some persons have lax collateral ligaments. If we 
assume that when the ankle is in full dorsiflexion the calcaneofibular 

C

A

B

Fig. 1-18  Dynamic function of plantar aponeurosis. A, Foot at rest. B, 
Dorsiflexion of metatarsophalangeal joints, which activates windlass 
mechanisms, brings about elevation of longitudinal arch, plantar flexion 
of metatarsal heads, and inversion of heel. C, Superimposed tracing 
of lateral radiographs of the foot at rest (outline) and with first ray dor-
siflexion (gray figure). Notice that dorsiflexion of the first toe tightens 
the plantar aponeurosis, which results in depression of the metatar-
sal heads, elevation and shortening of the longitudinal arch, inversion 
of the calcaneus, and elevation of the calcaneal pitch. (C, from Haskell 
A: Foot and ankle biomechanics. In Miller MD, Thompson SR, editors: 
DeLee, Drez, and Miller’s orthopaedic sports medicine, Philadelphia, 
2020, Elsevier.)
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10 PART I  General Considerations

ligament provides most of the stability and that in full plantar flexion 
the anterior talofibular ligament provides stability, then as we pass from 
dorsiflexion to plantar flexion and back there will be a certain period 
in which neither ligament is functioning as a true collateral ligament. 
If we assume there is an average angle of approximately 105 degrees 
between these ligaments, then generally speaking, an area in which an 
insufficient lateral collateral ligament is present is unusual; however, if 
we have angulation of 130 to 140 degrees between these two ligaments, 
there is a significant interval while the ankle is passing from dorsiflex-
ion to plantar flexion and back in which neither ligament is function-
ing as a collateral ligament. This may explain why some persons are 
susceptible to chronic ankle sprains. Some patients who are thought to 
have ligamentous laxity may, in reality, possess this anatomic configu-
ration of lateral collateral ligaments.

Putting It Together: Joint Mechanics and Modulators 
During Gait
At this point, the mechanics of individual joints at the ankle and 
foot have been described. Additionally, the previous section outlined 
important modulators of these joints. The following sections put this 
information together to describe what occurs during the intervals 
of gait.

First Interval
The first interval occurs during approximately the first 15% of the 
walking cycle and is defined from the moment of initial heel strike to 
when the foot becomes flat on the floor. Typically, the opposite heel has 
lifted from the floor but weight remains on the forefoot. During the 
first interval, the foot helps to absorb and dissipate the forces generated 
by the foot striking the ground.

The ankle joint undergoes rapid plantar flexion from heel strike 
until foot flat is achieved. At approximately 7% of the walking cycle, 
dorsiflexion begins (see Fig. 1-14B).

As the foot is loaded with the weight of the body during the first 
interval, the calcaneus rapidly everts and the longitudinal arch flattens. 
This flattening of the arch originates in the subtalar joint and reaches a 
maximum during this interval (see Fig. 1-14D). The hindfoot is often 
mildly supinated at initial ground contact associated with ankle dorsi-
flexion during swing-through. The hindfoot moving from supination 
to pronation during the first interval is a passive mechanism, and the 
amount of motion appears to depend entirely on the configuration 
of the articulating surfaces, their capsular attachments, and ligamen-
tous support. No significant muscle function appears to play a role in 
restricting this motion at initial ground contact.

The subtalar joint links rotation of the hindfoot to rotation of the 
leg. During the first interval, eversion of the calcaneus is translated by 
the subtalar joint into inward rotation that is transmitted proximally 
across the ankle joint into the lower extremity (see Fig. 1-14E). Distally, 
this hindfoot eversion unlocks the transverse tarsal joint, allowing the 
midfoot joints to become supple (see Fig. 1-14D). This allows the flat-
tening of the longitudinal arch that contributes to energy dissipation 
during this phase.

At heel strike, the center of gravity of the body is decelerated by 
ground contact, then immediately accelerated upward to carry it over 
the extending lower extremity. The heel’s impact and body’s center of 

20 30100 40 50 60 70 80 90 100

10

0
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10

Heel strike

Inversion

Eversion

Percent of walk cycle

Toe-off

Flatfoot

Normal
foot

Heel strike

SUBTALAR ROTATION

Fig. 1-19  Subtalar joint motion in normal foot and flatfoot. Shaded areas indicate period of activity of intrinsic 
muscles in normal foot and flatfoot.

Talus

Mortise

Apical angle

Apical angle

Fig. 1-20  Curvature of trochlear surface of talus creates cone whose 
apex is based medially. From this configuration, one can observe that 
the deltoid ligament is well suited to function along the medial side of 
ankle joint, whereas laterally, where more rotation occurs, three sepa-
rate ligaments are necessary. (From Inman VT: The joints of the ankle, 
Baltimore, 1976, Williams & Wilkins)
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11CHAPTER 1  Biomechanics of the Foot and Ankle

gravity shift accounts for a vertical floor reaction that exceeds body 
weight by 15% to 25% (see Fig. 1-14A).

Eccentric contraction of the anterior compartment leg muscles 
slows the rapid ankle plantar flexion during this phase from heel strike 
until a foot-flat position is reached. The posterior calf muscles all are 

electrically quiet, as are the intrinsic muscles in the sole of the foot (see 
Fig. 1-14C). There is no muscular response in those muscles usually 
considered important in supporting the longitudinal arch of the foot. 
Weakness of the anterior compartment muscles leads to a loss of this 
deceleration and a characteristic slap foot gait.

Second Interval
The second interval extends from 15% to 40% of the walking cycle. 
During this interval, the body’s center of gravity passes from behind 
to in front of the weight-bearing leg. It reaches a maximum height as it 
passes over the leg at about 35% of the cycle, after which it commences 
to fall. During this interval, the foot transitions from a flexible, energy-
absorbing structure to a more rigid one, capable of bearing the body’s 
weight.

The ankle joint undergoes progressive dorsiflexion during the sec-
ond interval, reaching its peak at 40% of the walking cycle. This is when 
the force across the ankle joint has reached a maximum of 4.5 times 
body weight. Heel rise begins at 34% of the cycle as the contralateral 
leg passes by the stance foot and precedes the onset of plantar flexion, 
which begins at 40% (see Fig. 1-15B).

During the second interval, the subtalar joint progressively inverts. 
This starts at about 30% of the cycle in a normal foot and at about 15% 
of the cycle in a flatfoot (see Fig. 1-15D). Multiple factors contribute 
to this inversion, but precisely which plays the greatest role is unclear. 
Above the subtalar joint, the swinging contralateral limb externally 
rotates the stance limb. This external rotation torque is translated by 
the subtalar joint into hindfoot inversion. The oblique nature of the 
ankle joint axis, the oblique setting of the metatarsal break, and the 
function of the plantar aponeurosis also contribute to hindfoot inver-
sion. Inversion of the subtalar joint is passed distally into the midfoot, 
increasing the stability of the transverse tarsal articulation and trans-
forming the flexible midfoot into a rigid structure.

During this interval, full body weight is not borne on the foot, 
smoothing the transition to single limb support. Force plate recordings 
show that the load on the foot may be as low as 70% to 80% of actual 
body weight (Fig. 1-15A).

During the second interval, important functional changes occur in 
both the foot and leg, which are the result of muscular action. The pos-
terior and lateral compartment leg muscles (triceps surae, peroneals, 

A

B

C

Calcaneofibular
ligament

Anterior talofibular
ligament

Fig. 1-21  Calcaneal fibular ligament and anterior talofibular ligament. A, 
In neutral position of ankle joint, both anterior talofibular and calcaneo-
fibular ligaments provide support to joint. B, In plantar flexion, anterior 
talofibular ligament is in line with fibula and provides most of support to 
lateral aspect of ankle joint. C, In dorsiflexion, calcaneofibular ligament 
is in line with the fibula and provides support to the lateral aspect of 
ankle joint. (From Inman VT: The joints of the ankle, Baltimore, 1976, 
Williams & Wilkins)
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Fig. 1-22  Average angle between calcaneofibular and talofibular liga-
ments in sagittal plane. Although the average angle is 105 degrees, 
there is considerable variation, from 70 to 140 degrees. (From Inman VT: 
The joints of the ankle, Baltimore, 1976, Williams & Wilkins)
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12 PART I  General Considerations

tibialis posterior, long toe flexors) and intrinsic muscles in the sole of 
the foot demonstrate electrical activity (see Fig. 1-15C). Intrinsic mus-
cle activity of the normal foot begins at 30% of the cycle, whereas in 
flatfoot, activity begins at 15% of the cycle. The posterior calf muscula-
ture slows the forward movement of the tibia over the fixed foot, which 
permits the contralateral limb to increase its step length. Weakness of 
the posterior compartment muscles may lead to premature contralat-
eral heel strike and shortened stride length.

Third Interval
The third interval constitutes the last of the stance phase and extends 
from 40% to 62% of the walking cycle.

The ankle joint demonstrates rapid plantar flexion during this inter-
val as the foot essentially extends the effective limb length. The subtalar 
joint continues to invert during this interval, reaching its maximum at 
toe-off (see Fig. 1-16D). This completes the conversion of the forefoot 
from the flexible structure observed in the first interval at the time of 
weight acceptance to a rigid structure at the end of the third interval in 
preparation for toe-off. The inversion is a continuation of the processes 
that began in the second interval. These include external rotation of 
limb above the foot passing across the ankle and subtalar joints as well 
as mechanisms in the foot such as the obliquity of the ankle joint, the 
function of the plantar aponeurosis, and obliquity of the metatarsal 
break. Distally, the transverse tarsal joint is converted from a flexible 
structure into a rigid one by the progressive inversion of the calcaneus. 
The talonavicular joint also is stabilized during this period by the pres-
sure placed across the joint by both body weight and the intrinsic force 
created by the plantar aponeurosis.

At the beginning of the third interval, force plate recordings dem-
onstrate an increase in the percentage of body weight borne by the foot 
resulting from the center of gravity falling. The load on the foot exceeds 
body weight by approximately 20%. Later in the interval, the vertical 
floor reaction force falls to zero as the body’s weight is transferred to 
the opposite foot (see Fig. 1-16A).

Ankle plantar flexion during the third interval is caused primar-
ily by the concentric contraction of the posterior calf musculature, in 
particular the triceps surae (see Fig. 1-16B). The plantar flexion leads to 
relative elongation of the extremity. Although full plantar flexion at the 
ankle joint occurs during this interval, electrical activity is observed 
only until 50% of the cycle, after which there is no longer electrical 
activity in the extrinsic muscles (see Fig. 1-16C). The remainder of ankle 
joint plantar flexion occurs because of the transfer of weight from the 
stance leg to the contralateral limb. The intrinsic muscles of the foot are 
active until toe-off. Although the intrinsic muscles help to stabilize the 
longitudinal arch, the main stabilizer is the plantar aponeurosis, which 
is functioning maximally during this period as the toes are brought 
into dorsiflexion and the plantar aponeurosis is wrapped around the 
metatarsal heads, forcing them into plantar flexion and elevating the 
longitudinal arch. The anterior compartment muscles become active in 
the last 5% of this interval, probably to initiate dorsiflexion of the ankle 
joint immediately after toe-off.

Component Mechanics of Running
While the mechanical relationships described for each joint remain 
consistent, there are some differences between walking and running 
that are described below.

During running, the stance phase is diminished from approximately 
0.6 second while walking to 0.2 second while sprinting (Fig.  1-23). 
During this brief period of stance phase, the forces involved in the 
vertical plane are increased to 2.5 to 3 times body weight. The range 
of motion of the joints is increased approximately 50%, and the mus-
cles in the lower extremity must control these motions over a short 

time when measured in real time but over a considerable period when 
expressed as percentage of the gait cycle. It is probably because of the 
increased forces and muscle action required over a shorter period of 
time, and the repetitive nature of sport, that overuse injuries occur 
during running.

Considerable alterations occur around the ankle joint when com-
paring jogging or running with walking. The gait cycle time progres-
sively decreases from 1 second to 0.6 second. The ankle’s total arc of 
motion increases from 30 degrees during walking to 45 degrees during 
running. This motion occurs during 0.6 second for walking and 0.2 sec-
ond for running. The direction of motion also changes; during walking, 
plantar flexion occurs at heel strike, whereas during jogging and run-
ning, there is progressive dorsiflexion. Rapid plantar flexion occurs at 
toe-off during all speeds of gait.
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Fig. 1-23  Ankle joint dorsiflexion–plantar flexion during running, jogging, 
and walking. Note that time of walking cycle decreases from 1 second 
for walking to approximately 0.6 second for running. Stance-phase time 
decreases significantly, as well. Muscle function is characterized by 
gastrocnemius–soleus muscle group and anterior tibial muscle. Note 
that gastrocnemius–soleus muscle group becomes active in late swing 
phase for jogging and running, compared with stance-phase muscle for 
walking. (From Mann RA: Intractable Plantar Keratoses. In Nicholas JA, 
Hershmann EB, editors: The lower extremity and spine in sports medi-
cine, ed 2, St Louis, 1995, Mosby)NOT FOR PRIN
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13CHAPTER 1  Biomechanics of the Foot and Ankle

Along with this increase in the range of motion and in the forces gen-
erated during running, the muscle function in the lower extremity also is 
altered. In real time, the phasic activity of most muscles decreases; how-
ever, when considered as a percentage of the gait cycle, the period of activ-
ity of these muscles increases considerably. Generally speaking, at initial 
ground contact, the majority of the muscles about the hip, knee, and ankle 
joints are active, and their period of activity, which begins during the late 
float phase, increases as the speed of gait increases. This is probably related 
to the rapid motion required by these joints in preparation for the impact 
of ground contact. During walking, there is adequate time for most of the 
preparation for ground contact to be carried out rather passively, but with 
the markedly increased range and speed of motion of these joints during 
running, muscle function plays a more active role.

As the speed of gait increases, the muscle function in the poste-
rior calf group changes significantly. During walking, the posterior calf 
group functions in stance phase, and during jogging and running, it 
performs in late swing phase; its activity is ongoing from the time of 
initial ground contact through most of the stance phase. The muscle 
group controls the ankle dorsiflexion that occurs after initial ground 
contact, the forward movement of the tibia, and brings about plantar 
flexion of the ankle joint. Similar changes in both the magnitude of 
motion and muscle function occur about the hip and knee joints as 
well. During running and changing direction, as well as acceleration 
and deceleration, the toes play an active role in push-off, whereas push-
off is minimal during steady-state walking.

CLINICAL IMPLICATIONS OF FOOT AND ANKLE 
BIOMECHANICS
Now with an understanding of the anatomic relationships that guide 
the mechanics of gait, the reader has a foundation for understanding 
the surgical implications of foot and ankle biomechanics. The prin-
ciples outlined above govern how a surgeon maintains or alters the 
anatomic relationships among joints to permit optimal movement. The 
concepts discussed below serve as an introduction to subsequent chap-
ters that provide greater detail on each specific topic.

Ankle Arthrodesis
Because all of the joints of the lower limb work together during gait, it 
is important that the above anatomic facts be considered when carry-
ing out an ankle arthrodesis. The following paragraphs outline specific 
considerations with respect to transverse rotation, varus or valgus tilt, 
and dorsiflexion. Each of these variables impacts the amount of stress 
experienced at joints proximal and distal to the fused joint.

Transverse Rotation
If the ankle is placed into excessive internal rotation, the patient expe-
riences difficulty when the center of gravity passes over the foot. The 
position of internal rotation places increased stress on the subtalar 
and mid tarsal joint region, which may become painful as a result of 
increased stress. Knee pain, and possibly hip pain, may also develop 
secondarily as a result of attempts to externally rotate the lower limb 
to help compensate for the abnormal position of the foot. Conversely, 
if the ankle is placed in too much external rotation, the patient tends 
to roll over the medial border of the foot. This position permits the 
patient to easily roll over the foot, but in turn, it places increased stress 
on the medial side of the first metatarsophalangeal joint, which can 
lead to hallux valgus deformity. It may also cause increased stress along 
the medial side of the knee joint, though no studies have demonstrated 
this specific relationship. Arthrodesis of the ankle joint so that the fore-
foot is in 5 to 10 degrees of external rotation is recommended.

Varus or Valgus Tilt
The degree of varus or valgus tilt of the ankle joint affects the degree of 
subtalar joint motion and the overall alignment of the tibia and knee. 
If the subtalar joint is stiff and unable to compensate for any malalign-
ment, then it is imperative to place the ankle joint into sufficient valgus 
to obtain a plantigrade foot. If the ankle joint is placed into a varus 
potion, the patient will walk on the lateral border of the foot. This not 
only causes the patient discomfort because of localized weight bearing 
in a relatively small area, but the persistent varus position of the talar 
joint keeps the transverse tarsal joint in a semirigid state, resulting in a 
rather immobile forefoot that is difficult for the body to pass over dur-
ing the stance phase.

Dorsiflexion
The degree of dorsiflexion should account for the patient’s ability to 
clear the ground during swing phase as well as comfortably contact 
the ground during stance phase. In the absence of pathology at the 
adjacent joints, a neutral position is considered the position of choice. 
If the ankle is placed into too much dorsiflexion, then the impact of 
ground contact is concentrated in one small area of the heel, which 
may result in chronic pain. If the ankle is placed into excessive plantar 
flexion, then the involved limb is lengthened, which, in turn, causes a 
knee joint hyperextension, uneven gait pattern, and stress across the 
midfoot. However, sometimes plantar flexion is desirable. For example, 
if there is a short lower extremity or an unstable knee joint as a result 
of weakness or loss of quadriceps function, then the ankle joint should 
be placed into plantar flexion (10–15 degrees) to help give stability 
to the knee joint. After an ankle arthrodesis, patients usually develop 
increased motion in the sagittal plane, which helps to compensate for 
loss of ankle motion. In a study of 81 ankle fusions, the sagittal arc of 
motion of the talar-first metatarsal complex averaged 24 degrees (9–43 
degrees), at the talonavicular joint 14 ± 5 degrees, and at the talocalca-
neal joint 8 ± 6 degrees (Fig. 1-24).19

Hindfoot Alignment
Recall that the flexibility of the subtalar joint to go from inversion to 
eversion directly influences the stiffness of the transverse tarsal joint 
and the foot’s ability to transition from being supple to being rigid dur-
ing gait. Loss of subtalar joint motion may result from trauma, arthri-
tis, congenital abnormality, and surgery. This loss of motion causes 
increased stress placed at the joints above (ankle) and below (trans-
verse tarsal) the immobile joint. In turn, these changes brought on 
by subtalar joint stiffness may lead to chronic pain. In chronic states, 
increased stress caused by a stiff subtalar joint may result in secondary 
changes. For example, in some individuals, the ankle may take the form 
of a ball-and-socket joint (Fig. 1-25). And in patients with a subtalar 
coalition, beaking may occur in the talonavicular joint (Fig. 1-26).

Subtalar joint stiffness can also be due to iatrogenic causes, whether 
intentional or not. When a subtalar joint is fused, the transverse rota-
tion that occurs in the lower extremity is partially absorbed in the ankle 
joint because it no longer can pass through the subtalar joint into the 
foot. The fixed varus or valgus alignment of the subtalar joint will affect 
the position of the forefoot. If the subtalar joint is placed into too much 
varus, then the forefoot is rotated into supination, and the weight-bear-
ing line of the extremity then passes laterally to the calcaneus and fifth 
metatarsal. This causes increased stress on the lateral collateral liga-
ment structure at the ankle joint and abnormal weight bearing along 
the lateral aspect of the foot. This position also holds the forefoot in a 
semirigid position, the patient must either vault over the foot or place 
it in external rotation to roll over the medial aspect.

For a subtalar joint arthrodesis, the position choice is valgus tilt of 
about 5 degrees because this permits satisfactory stability of the ankle 
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14 PART I  General Considerations

joint, and the weight-bearing line of the body will pass medial to the 
calcaneus. Computational studies also suggest that this degree of valgus 
tilt maximizes ankle dorsiflexion and plantar flexion strength.20 Stress 
on the lateral collateral ligament structure is therefore minimized. This 
position results in slight pronation of the forefoot, which permits even 
distribution of weight on the plantar aspect of the entire foot. And the 
slight valgus, or everted, position allows the transverse tarsal joint to 
remain unlocked, and therefore flexible, so that the body can more eas-
ily pass over it during stance phase. A more supple midfoot potentially 
mitigates the progression of arthritis at the transverse tarsal and more 
distal joints. On the other hand, an inverted, varus hindfoot would 
result in a more rigid midfoot that is less able to absorb impact energy 
during gait and be more prone to arthritis.

Midfoot Alignment
Just as subtalar joint motion influences flexibility at the transverse tar-
sal joint, so too does movement at the talonavicular or transverse tarsal 
joint complex affect subtalar joint motion.

When surgical stabilization of the talonavicular or transverse tarsal 
joint is performed, motion at the subtalar joint is largely eliminated. 
For motion to occur in the subtalar joint, rotation of the navicular over 
the head of the talus must occur. If it cannot, then there is essentially no 
subtalar joint motion. A cadaveric study revealed that with an isolated 
talonavicular fusion, the subtalar joint loses over 90% of its motion.  
In the same study, while isolated calcaneocuboid joint fusion is reported 

to lead to about a 30% loss in talonavicular joint motion, it leads to less 
than 10% loss of motion at the subtalar joint.21 These findings under-
score the importance of the talonavicular joint for both hindfoot and 
midfoot movement.

Of course, the transverse tarsal joint also affects the bones and joints 
distal to it, controlling forefoot position. A fixed, supinated transverse 
tarsal joint leads to overloading of the lateral column since the rigid 
medial column is elevated and cannot take equal share in ground 
forces. In order to place the forefoot in a plantigrade position, a neutral 
to slightly pronated placement of the transverse tarsal joint is required. 
In this position, the rigid medial column of the forefoot is allowed to 
contact the ground, thus sharing the load with the more flexible lateral 
column. The foot is therefore in a plantigrade position.

When a triple arthrodesis is carried out, the position of choice is 
5 degrees of valgus for the subtalar joint and neutral position for the 
transverse tarsal joint.20 It should be emphasized that it is better to err 
on the side of too much valgus and pronation to keep the weight-bear-
ing line medial to the calcaneus, because that produces a more flexible 
plantigrade foot. These basic principles also apply when carrying out a 
pantalar arthrodesis.

Since intertarsal and tarsometatarsal joints of the medial column 
are naturally rigid, arthrodesis or surgical stabilization of these joints 
can be performed with minimum loss of function or increased stress 
on the other joints in the foot. When these joints are fixed, care should 
be taken to ensure that the medial column remains plantigrade on 

A B

Fig. 1-24  Increased motion in transverse tarsal and subtalar joints to compensate for ankle arthrodesis. A, 
Dorsiflexion. B, Plantar flexion.

A B
Fig. 1-25  Etiology of a ball-and-socket ankle joint in adults. A, As a result of a congenital abnormality of 
the subtalar joint that eliminated subtalar motion, the ankle joint absorbed transverse rotation that normally 
occurs in subtalar joint. B, A congenital talonavicular fusion, which results in loss of subtalar joint motion, 
causes the ankle to absorb transverse rotation, resulting in a ball-and-socket ankle joint.
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15CHAPTER 1  Biomechanics of the Foot and Ankle

Fig. 1-26  Talar beaking after increased stress as result of subtalar 
coalition.

weight bearing. The tarsometatarsal joints of the lateral column (at 
the fourth and fifth rays), on the other hand, are flexible, and efforts to 
maintain their flexibility are preferred to fusion in order to maintain 
suppleness in the forefoot.

Forefoot Principles
When operating on the forefoot, the surgeon needs to keep in mind the 
metatarsophalangeal break and the plantar aponeurosis, both described 
earlier in this chapter. Recall that the plantar aponeurosis is important 
for stabilizing the medial longitudinal arch through the windlass mecha-
nism wherein the metatarsal heads act as a pulley over which the plantar 
aponeurosis is tightened when the metatarsophalangeal joints are dor-
siflexed. This contributes to the rigidity of the foot as the body’s weight 
passes over it during gait. Also recall that the metatarsophalangeal break 
refers to the cascade in the length of the metatarsal heads that allows for 
even distribution weight across the forefoot during stance phase.

With these principles in mind, surgeries on the forefoot can be 
thoughtfully planned. Removal of the proximal phalanx of the great 
toe or the first metatarsal head severely disrupts the plantar apo-
neurosis, leading to weight being transferred to the lesser metatarsal 
heads. Surgical techniques that remove the proximal phalanx base but 
preserve the plantar plate may lessen (but not eliminate) this effect. 
Similarly, removal of the proximal phalanx of the lesser toes will cause 
similar problems of instability, but to a lesser degree as one moves later-
ally across the foot. Removal of the proximal phalanges or metatarsal 
heads is generally reserved for extreme cases of deformity such as those 
that occur in rheumatoid arthritis.

Metatarsal osteotomies for conditions such as hammertoe, frac-
ture nonunion correction, or avascular necrosis of the metatarsal head 
should be performed in a way that restores or preserves the metatarso-
phalangeal break. For example, in a patient with transfer metatarsalgia 
at the second metatarsal head due to the combination of having a long 
second metatarsal and a first ray condition such as hallux valgus or hal-
lux rigidus, a shortening osteotomy may be performed. The resulting 
length of the second metatarsal should be just slightly longer, equal to, 
but not shorter than that of the third metatarsal lest there be resulting 
transference of pain to the adjacent third metatarsal. In general, when 
weight is transferred to adjacent metatarsal heads, increased stress and 
callus formation can ensue. In the neuropathic patient, this can have 
detrimental consequences including ulceration and infection.

When a transmetatarsal amputation is indicated, the bones should 
be resected in a way that preserves the metatarsal cascade so that weight 

is evenly distributed at the residual metatarsal lengths. Neglecting to 
do this will lead to wound problems, pain, and the need for revision 
procedures.

Arthrodesis at the first metatarsophalangeal joint for conditions 
such as hallux rigidus or recurrent hallux valgus can be performed 
while allowing a patient to maintain normal gait. The joint should be 
positioned in 10 to 15 degrees of valgus to allow for shoe wear, and 15 
to 25 degrees of dorsiflexion in relation to the first metatarsal shaft to 
allow the foot to progress through terminal stance and into pre-swing. 
The degree of dorsiflexion may depend, to a certain extent, on the heel 
height of the shoe that the patient desires to wear. Arthrodesis of the 
first metatarsophalangeal joint has theoretical risk of resulting adjacent 
joint arthritis at the first tarsometatarsal and interphalangeal joints. 
Arthrodesis of the interphalangeal joint of the toes is thought to have 
negligible effects on gait biomechanics.

The sesamoid bones in the foot are embedded in the plantar plate 
complex of the first metatarsophalangeal joint and act to help distrib-
ute the weight seen at the first metatarsal head during gait and also act 
as fulcra to increase the lever arm for the flexor hallucis longus and 
brevis tendons. Generally, patients can return to athletic activity after 
isolated removal of one of these bones.22 In cadaveric studies, it does 
not appear that hallux valgus or varus results when there is meticulous 
dissection of the bone.23 However, in published case series, these defor-
mities do occur.22,24,25

Tendon Transfers
When evaluating muscle weakness or loss about the foot and ankle, 
the diagram in Fig. 1-27 can be useful. It demonstrates the motion that 
occurs around each joint axis and the location of the muscles in rela-
tion to the axes. By considering the muscles in relation to the axes, it is 
possible to carefully note which muscles are functioning and thereby 
determine which muscles might be transferred to rebalance the foot 
and ankle. Generally speaking, if inadequate strength is present to bal-
ance the foot adequately, it is important to establish adequate plantar 
flexion function over that of dorsiflexion; an equinus gait is not as dis-
abling as a calcaneal-type gait. Also keep in mind that it is much more 
difficult to retrain a muscle that has been a stance-phase muscle to 
become a swing-phase muscle than to retrain a swing-phase muscle to 
become a stance-phase muscle. Therefore if possible, an in-phase mus-
cle transfer will produce a more satisfactory result because no phase 
conversion is necessary.

Ankle Ligaments
Recall the positions of the calcaneofibular and anterior talofibular 
ligaments. When the ankle is in neutral calcaneofibular ligament, inser-
tion on the calcaneus is posterior and distal to its origin at the fibula. 
The anterior talofibular ligament, on the other hand, inserts distal and 
anterior to its origin. When one is evaluating the stability of the lateral 
collateral ligament structure, the ankle joint should be tested in dorsi-
flexion to demonstrate the competency of the calcaneofibular ligament 
and in plantar flexion to test the competency of the anterior talofibular 
ligament. If both ligaments are completely disrupted, then there will 
be no stability in either position.26 Furthermore, to test for stability of 
the anterior talofibular ligament, the anterior drawer sign should be 
elicited with the ankle joint in a slight plantarflexed position, when the 
anterior talofibular ligament is in a position to resist anterior displace-
ment of the talus from the ankle mortise (see Fig. 1-21).

As described earlier, the calcaneofibular ligament lies approximately 
parallel to the subtalar joint in the sagittal plane. Because motion in the 
subtalar joint occurs about an axis that deviates from dorsal medial 
to plantar lateral (see Fig. 1-6), and the calcaneal attachment of the 
calcaneofibular ligament lies on the subtalar joint axis, motion of the 
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16 PART I  General Considerations

subtalar joint around this axis occurs with minimal change in ligament 
length. Although it plays a secondary role to the interosseous talocal-
caneal ligaments in stabilizing the subtalar joint, its position must be 
considered during a ligamentous reconstruction to ensure that motion 
is maintained across both the ankle and subtalar joints.

Rather than two ligaments, on the medial side of the ankle, there is 
a single fan-shaped deltoid ligament. This is sufficient to provide stabil-
ity to the medial ankle because the configuration of the trochlear sur-
face of the talus is curved, producing a cone-shaped articulation whose 
apex is medial. The medial surface area at this joint, is therefore smaller 
than the lateral (see Fig. 1-20). Reconstructing the deltoid ligament can 
have a role in preventing valgus deformity at the ankle and hindfoot.27

KINEMATICS AND KINETICS OF HUMAN 
LOCOMOTION
In this chapter, the reader began with an introduction to the basic 
phases of gait. Next, mechanical principles were illustrated at succes-
sive joints, starting from the ankle joint proximally and ending at the 
metatarsophalangeal joints distally. The passive and active modulators 
of these events were also introduced. From there, these principles were 
put together to synthesize biomechanical events as they relate to the 
phases of gait. Key features important for running gait were identified. 
And finally, basic clinical correlations were made to give the reader a 
foundation for connecting biomechanics of the foot and ankle to clini-
cal practice. As a supplement to this knowledge, the chapter will con-
clude by expanding on the kinematics and kinetics of locomotion.

Kinematics
The main chapter provided details on foot and ankle biomechanics as 
they relate to gait. However, walking is more than merely placing one 
foot in front of the other. During walking, all major segments of the 
body are in motion. Displacements of the body segments occur in a 
well-preserved fashion and can be accurately described. Kinematics is 
the study of the motion of these body segments.

It seems almost too obvious to point out that each body segment 
affects and is affected by the others. Alterations in the foot and ankle 
will be reflected in patterns of movement in the other segments of the 
body. Similarly, changes in movements above the foot, such as a stiff 
arthritic knee, or quadriceps weakness, may be reflected by changes in 
the behavior of the foot.

It should be noted that while bipedal locomotion requires certain 
commonalities, each person exhibits individual differences that make 
for as many unique gaits as there are people. These differences allow 
us to be recognized by a friend or acquaintance, even from a distance. 
Accounting for this variation are the myriad combinations of body seg-
ment lengths, mass distributions, muscle composition, strength, joint 
axes, variations in effective lever arms, and the list goes on. At the same 
time, just as no two people walk exactly alike, gait kinematics will not 
always be identical even within the same individual.

Because of this diversity, average values of single anthropomet-
ric observation of gait kinematic parameters are alone of little value. 
Instead, it is more important to understand the functional relationship 
among the various components of kinematics. This is particularly true 
in the case of the foot, where anatomic variations are extensive. If aver-
age values are the only bases of comparison, then it becomes difficult 
to explain why some feet function adequately and asymptomatically, 
although their measurements deviate from the average, whereas others 
function symptomatically, even though their measurements approxi-
mate the average. Therefore this section emphasizes functional inter-
relationships and not on lists of kinematic measurements.

Vertical Body Displacements
The rhythmic upward and downward displacement of the body dur-
ing walking is familiar to everyone and is particularly noticeable when 
someone is out of step in a parade. These displacements in the vertical 
plane are a necessary component of bipedal locomotion. When the legs 
are separated, as during transmission of the body weight from one leg 
to the other (double weight bearing), the distance between the trunk 
and the floor must be less than when it passes over a relatively extended 
leg, as during midstance.
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Fig. 1-27  Left, Diagram demonstrates rotation that occurs about subtalar and ankle axes. Right, Diagram 
demonstrates relationship of various muscles about subtalar and ankle axes. (From Haskell A, Mann RA. 
Chapter 23: Biomechanics of the Foot. In American Academy of Orthopaedic Surgeons: Atlas of Orthoses and 
Assistive Devices, ed 4, Philadelphia, 2008, Mosby)
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17CHAPTER 1  Biomechanics of the Foot and Ankle

Smoothing and minimizing vertical oscillations of the body’s cen-
ter of gravity minimizes energy expenditure. Physics principles tell us 
that much more energy is needed to lift the body against gravity and 
slow its descent (vertical displacement) than to move perpendicular 
to gravity’s pull (fore–aft or lateral displacement). Because the nature 
of bipedal locomotion demands such vertical oscillations of the body, 
they should occur in a smooth manner. The center of gravity of the 
body does displace in a smooth sinusoidal path; the amplitude of dis-
placement is approximately 4 to 5 cm28,29 (Fig. 1-28). The body’s center 
of gravity reaches its maximum elevation immediately after passage 
over the weight-bearing leg and then begins to fall. This fall is stopped 
at the termination of the swing phase of the opposite leg as the heel 
strikes the ground.

Much of the coordination of motion between the different seg-
ments of the lower limbs results in minimizing the vertical displace-
ment of the body’s center of gravity. Although movements of the pelvis 
and hip modify the amplitude of the sinusoidal pathway, the knee, 
ankle, and foot are particularly involved in converting what would be 
a series of intersecting arcs into a smooth, sinusoidal curve.28 This con-
version requires both simultaneous and precise sequential motions in 
the knee, ankle, and foot.

In a well-functioning system, the body’s falling center of gravity is 
smoothly decelerated, because relative shortening of the leg occurs at 
the time of impact against a gradually increasing resistance. The knee 
flexes against a graded contraction of the quadriceps muscle; the ankle 
plantar flexes against the resisting anterior tibial muscle. After the foot-
flat position is reached, further shortening is achieved by pronation of 
the foot to a degree permitted by the ligamentous structures within.

So, to reemphasize, hindfoot pronation constitutes an important 
additional factor to that of knee flexion and ankle plantar flexion 
needed to smoothly decelerate and finally to stop the downward path 
of the body. If one were forced to walk stiff-kneed or without a mobile 
foot and ankle, the downward deceleration of the center of gravity at 
heel strike would be instantaneous. The body would be subjected to 
a severe jarring force, and the locomotor system would lose kinetic 
energy.

After reaching its nadir, the center of gravity moves upward to pro-
pel it over the stance leg. The leg functionally elongates by transitory 
extension of the knee, further plantar flexion of the ankle as the heel 
elevates, and supination of the foot. Elevation of the heel is the major 
component contributing to upward acceleration of the center of gravity 
at this time.

Lateral Body Displacements
When a person is walking, the body does not remain precisely in the 
plane of progression but oscillates slightly from side to side to keep the 
center of gravity approximately over the weight-bearing foot. Watching 
someone walk from behind highlights this subtle side-to-side shift of 
their center of gravity toward the stance limb. When walking side by 
side with a companion, if one gets out of step with the other, their bod-
ies may bump from this side-to-side sway.

The body is shifted slightly over the weight-bearing leg, with each 
step creating a sinusoidal lateral displacement of the center of gravity 
of approximately 4 to 5 cm with each complete stride. This lateral dis-
placement can be increased by walking with the feet more widely sepa-
rated and decreased by keeping the feet close to the plan of progression 
(Fig. 1-29). Normally, the slight valgus of the tibiofemoral angle (physi-
ologic genu valgum) permits the tibia to remain essentially vertical and 
the feet close together while the femurs diverge to articulate with the 
pelvis, minimizing the lateral displacement.

Horizontal Limb Rotation
In addition to vertical and lateral displacements of the body, a series of 
axial rotatory movements occur that can be measured in the horizontal 
(transverse) plane. Rotations of the pelvis and the shoulder girdle are 
easy to see when watching someone walk. Similar horizontal rotations 
occur in the femoral and tibial segments of the extremities. The tibias 
rotate about their long axes, internally during swing phase and into the 
first interval of stance phase and externally during the latter phases of 
stance. The degree of these rotations is subject to marked individual 
variations. In a series of 12 male subjects, the recorded average hori-
zontal rotation of the tibia was 19 degrees during a gait cycle but varied 
between 13 and 25 degrees.6

At heel strike, progressive inward rotation occurs in the lower 
extremity, which consists of the pelvis, femur, and tibia, and this inward 
rotation reaches a maximum at the time of foot flat. The internal rota-
tion at heel strike is initiated by the collapse of the subtalar joint into 
valgus, and its magnitude is determined by the flexibility of the foot and 
its ligamentous support. After contralateral toe-off, at about 12% of the 
cycle, progressive outward rotation occurs, which reaches a maximum 
at the time of toe-off, when inward rotation resumes (Fig. 1-30). Once 
the foot is on the ground, progressive external rotation is probably ini-
tiated by the contralateral swinging limb, which rotates the pelvis for-
ward, imparting a certain degree of external rotation to the stance limb. 
This external rotation subsequently is passed from the pelvis distally 

Fig. 1-28  Displacement of center of gravity of body in smooth sinusoidal path. (From Saunders JB, Inman VT, 
Eberhart HD: The major determinants in normal and pathological gait, J Bone Joint Surg Am 35 A:543–558, 1953.)
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18 PART I  General Considerations

to the femur and tibia, across the ankle joint, and is translated by the 
subtalar joint into inversion, which reaches its maximum at toe-off. The 
external rotation is enhanced by the external rotation of the ankle joint 
axis, the oblique metatarsal break, and the plantar aponeurosis after 
heel rise begins.

Kinetics
As with all movement, human locomotion occurs at the cost of energy 
expenditures. Gait kinematics and lower-extremity anatomic inter-
relationships strive to achieve a system that takes us from one spot to 
another with the least expenditure of energy.30,31 Human locomotion 
is a blending of physical and biologic forces that combine to achieve 
maximum efficiency at minimum cost. For example, energy conserva-
tion during the gait cycle involves having muscles work near their peak 
efficiency, which tends to be at or longer than their resting length.7,28,30 
Activated muscles are approximately six times as efficient when resisting 
elongation (eccentric contraction) as when shortening to perform exter-
nal work.32–34 Kinetics is the study of these energy expenditures. A num-
ber of tools have evolved to study gait kinetics. These are described in 
detail in the next section, followed by an analysis of kinetics during gait.

Measuring Whole Body Kinetics and Plantar Pressure
Studying the foot’s interaction with the ground has a long history, rang-
ing from examining footprints in soil to real-time mapping of plantar 
pressure under natural conditions. Plantar pressure and ground reaction 

A B
Fig. 1-29   A, Slight lateral displacement of body occurring during walking with feet close together. B, Increased 
lateral displacement of body occurring during walking with feet wide apart. (From Saunders JB, Inman VT, 
Eberhart HD: The major determinants in normal and pathological gait, J Bone Joint Surg Am 35 A:543–558, 
1953.)
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Fig. 1-30  Transverse rotation occurring in the lower extremity during 
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which time progressive external rotation occurs until toe-off, when inter-
nal rotation begins again.
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19CHAPTER 1  Biomechanics of the Foot and Ankle

force measurements are well established in the research realm and have 
been instrumental in refining our understanding of foot and ankle bio-
mechanics. In conjunction with other technology, including high-speed 
cameras, video motion-sensing equipment, electrogoniometers, and 
electromyograph (EMG) devices, the study of the ground-foot interac-
tion has aided the understanding of gait kinetics and kinematics.

Despite improvements in available measurement methods, how-
ever, practical collection of clinically novel information remains 
difficult. The wide variability of normal measures makes clinical com-
parisons difficult. The large number of measurement systems and 
equally large number of data analysis techniques make it difficult to 
generalize results. Although confirmation of areas of excess pressure 
and monitoring the effects of treatment may prove useful, there is little 
specificity between plantar pressure patterns and clinical syndromes.

Types of studies.  A variety of measurement techniques have been 
used to study the interaction of the foot with the ground. Indirect tech-
niques rely on correlating other measurable gait parameters to plantar 
characteristics and offer the advantage of not relying on expensive and 
often bulky equipment. For example, an estimation of ground reaction 
force can be made based on a simple-to-measure temporal variable, 
foot–ground contact time.35

Direct measurement techniques rely on physical properties or elec-
tronic transducers to translate the interaction between the foot and 
the ground into a measurable quantity. Multiple direct measurement 
systems are available that use a variety of strategies to record plantar 
pressure or ground reaction force. Unfortunately, results obtained with 
different systems under similar conditions are not always similar, and 
even qualitative comparisons may not be appropriate.36 Spatial resolu-
tion and sample rate affect the ability of a system to record true peak 
plantar pressures and to isolate particular areas under the foot.

The earliest direct measurement methods relied on physical proper-
ties of a material to capture the interaction of the foot with the ground. 
Casts of the foot in clay, plaster, or soil were used with the assump-
tion that areas of deeper penetration represented areas of highest pres-
sure.37,38 Rubber mats incorporating longitudinal ridges,39 pyramidal 
projections,38 or a multilevel grid (such as the Harris-Beath mat)40,41 use 
the elastic property of rubber that, when stood or walked on, distorts 
in proportion to the pressure applied (Fig. 1-31). Although fast, inex-
pensive, and portable, these methods have low measurement resolution 
and lack temporal discrimination.40

Optically based systems rely on visualizing the plantar aspect 
of the foot during stance or gait. The simplest allows observation or 
photographic recording of the plantar foot through a clear platform 
(Fig. 1-32). This provides an accurate, dynamic, qualitative representa-
tion of foot morphology. Addition of a physical transduction device 
between the foot and glass plate allows quantification of regionalized 
plantar pressures and adds the temporal component missed using a 
physical transduction system alone.38 The pedobarograph places a thin 
plastic sheet over the clear plate.42 The sheet is illuminated at the edges, 
and pressure on the plastic distorts the light in proportion to the pres-
sure applied. The images can be recorded and calibrated to provide 
a spatial resolution and temporal responsiveness not found with the 
Harris-Beath mat. However, slow responsiveness at high forces may 
bias results.43

A force plate measures the ground reaction force, that is, the force 
exerted by the ground on the foot, in three degrees of freedom (vertical 
force, forward shear, side shear) and allows calculation of the torques 
around the foot and ankle (axial torque, sagittal torque, coronal torque). 
Force transducers are configured in orthogonal planes at the corners of 
a section of floor. The resulting data provide a representation of the 

Fig. 1-31  Pressure distribution on plantar aspect of foot as demonstrated by use of barograph. As dots get 
larger and denser, pressure distribution is greater. (From Elftman H: A cinematic study of the distribution of 
pressure in the human foot, Anat Rec 59:481–491, 1934.)
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20 PART I  General Considerations

A1 B1

A2

B2

Fig. 1-32  Feet and legs of person standing on barograph. A, Weight 
bearing with muscles relaxed. B, Rising on toes.

Recently, more studies have been published using finite element 
modeling as a method to predict parameters associated with gait kinet-
ics. While a detailed discussion of this method is beyond the scope of 
this chapter, it can be simplified as follows. In the case of studying foot 
and ankle biomechanics, a geometric model of the foot and ankle is 
generated from 3D imaging (usually computed tomography or mag-
netic resonance images). Theoretically, at every spatial location (or ele-
ment) within this geometric model, an output parameter, such as the 
amount of pressure experienced at that location, can be modeled as a 
mathematical function of multiple variables. There are infinite elements 
that can be modeled with such an equation. In finite element modeling, 
only a set number of elements is studied. The geometric model is thus 
fitted with a “mesh” connecting each of the studied elements. A coarser 
mesh has fewer data points but is more easily studied; a finer mesh 
provides higher resolution at the cost of greater computational time 
and energy. In this method, “boundary” and “loading” conditions—the 
forces applied in the model—are usually derived from gait analysis 
methods described above. Model validation is typically achieved by 
comparing the model output with in vivo measurements.50

Data representations.  Output from the different measurement sys-
tems reflects the nature of their measurement mechanisms. The Harris 
mat reports pedal pressure but does not vary with time. The force plate 
reports a true ground reaction force but is not spatially discrimina-
tive. The optical systems and the transduction arrays each report pedal 
pressure that varies with time. The data measured by these systems 
are subject to sensor density, resolution, and sample rate limitations 
discussed above. To simplify the information and allow comparisons 
between subjects or after treatments, a variety of derivative parameters 
have been defined based on these raw data. Not all systems or measure-
ment methods are able to derive all of these measurements.

The ground reaction force is a vector quantity varying temporally 
and spatially over the gait cycle that represents the average reciprocal 
force exerted by the floor in response to the foot. It has a magnitude 
and direction, and the starting point may be projected onto a repre-
sentation of the plantar foot at the point of average maximum verti-
cal force (Fig. 1-36). The ground reaction force can be deconstructed 
into vertical force, anterior–posterior shear, and medial–lateral shear. 
The vertical ground reaction force represents the force of the ground 
pushing upward on the foot and can be calculated from systems that 
measure plantar pressure for the whole foot or for defined regions 
of the foot.51 Typically, it has two peaks; the first peak occurs as the 
body weight is transferred from dual- to single-leg stance and the 
second as the body weight moves forward over the metatarsal heads. 
Studies of ground reaction forces may focus on the magnitude of 
one or the other vertical peak or the timing of the peaks and valleys. 
Torque (moment) and power around a joint also can be calculated 
from the ground reaction force, joint geometry, timing parameters, 
and kinematics.

Another frequently reported measurement is the maximum pres-
sure recorded, or peak pressure. It is usually reported over a spatially 
subdivided map of the plantar foot. Peak pressure for areas such as 
heel, individual or grouped metatarsal heads, and toes are common. 
Alternatively, peak pressure can be reported as a temporally varying 
measure by displaying its location and magnitude on a diagram of the 
foot. Peak force can be calculated from peak pressure because the size 
of the pressure transducers is known. Calculated joint moments repre-
sent the torque applied by muscles to counteract the measured ground 
reaction force, and joint power is calculated from the joint moment and 
angular velocity (Fig. 1-37).

Timing measurements can also be made. The time intervals from 
heel strike to metatarsal strike, toe strike, heel-off, metatarsal-off, and 
toe-off can be calculated. The pressure·time integral, or impulse, for the 

average forces experienced by the foot over the gait cycle (Fig. 1-33). 
One advantage of this type of system is that shear forces and torques 
can be measured in addition to vertical force. The limitations include 
the lack of ability to map specific regions of plantar pressure. This 
limitation can be circumvented with the addition of an optical diffrac-
tion system, as described above, or with a series of smaller force plates 
placed in tandem.44

The ability to place pressure transducers on discrete parts of the 
foot has become possible, as their size has shrunk. They can be placed 
on strategic points of the foot, or an array can be created to map the 
pressures exerted by the foot during stance or gait. These data provide 
a spatial and temporal map of plantar pressure over the gait cycle39,45 
(Fig. 1-34). Many of these systems use a floor mat or platform built into 
the floor with a grid of pressure-sensitive transducers. An alternative 
is to place a thin film containing a pressure transduction array into a 
shoe (Fig. 1-35). In this way, the plantar pressures experienced by the 
foot can be measured in a wider variety of settings and under multiple 
impacts as well as account for the effect of shoe wear.46,47 For example, 
feet experience 10% to 50% higher plantar pressures in a flat, flexible 
shoe compared with a soft shoe with a firm rubber sole.48 The floor mat 
and in-shoe methods correlate well when the shoe used has a firm sole 
or when barefoot.49

A number of system-specific and analysis-dependent factors affect 
the results of pressure transducer array measurements, including pres-
sure transducer density, responsiveness, linearity, resolution, and range 
of the transducers. Methods of analyzing the data also differ, including 
reporting results as force versus pressure, peak values versus sum of 
values over time, and strategies of regionalizing the foot’s plantar sur-
face. Increasing pressure transducer density provides better spatial rep-
resentation of plantar pressure, whereas systems with relatively lower 
transducer density may underestimate measurements, such as peak 
pressure, because the true peak may be missed. Some transducers may 
have a nonlinear response at the extremes of their measurable range or 
have a low-level cutoff. The maximum sample rate affects contact time 
measurements, and low sample rates may underestimate peak pressure 
measurements because the true peak pressure may be missed.
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21CHAPTER 1  Biomechanics of the Foot and Ankle

whole foot or defined regions can be calculated. This may be standard-
ized for each region as a percentage of the total impulse for a given 
foot. The impulse may characterize plantar loading better than peak 
pressure by taking both pressure and time into consideration.

Finally, the pattern of plantar loading can be categorized based on 
the pressure measurements. Patients may tend to load the medial ray, 
the medial and central rays, the central rays, or the central and lat-
eral rays.52 Put another way, there is an inverse relationship between 
peak pressure under the first metatarsal head and toe relative to the 
lesser metatarsal heads.53 As walking speed increases, a medialization 
of forefoot pressure occurs such that peak pressure under the first 
metatarsal head increases and that under the lesser metatarsal heads 
decreases.54

Measurement variability.  Many sources of variability affect 
the results of these measurements. Separating important clinical or 
research findings from differences based on testing apparatus, mea-
surement methodology, patient demographic factors, or analysis 
methodology requires an understanding of how these factors affect the 
measured results. Differences between the different testing apparatus 
have been described above. Other sources of variability can be divided 
into methodology, analysis, and patient-specific factors.

Walking speed affects the magnitude of plantar pressures during 
gait. Velocity is linearly related to peak vertical and fore–aft ground 
reaction forces55,56 and inversely related to the pressure·time integral.57 

As velocity increases, peak pressures on the heel, medial metatarsal 
heads, and the first toe increase while peak pressure in the fifth metatar-
sal head decreases.52,54 This medialization may be related to increased 
magnitude and velocity of hindfoot eversion and medial shear force at 
heel strike. Timing measurements also change with increasing speed. 
The normalized time to peak pressure is decreased on the heel but 
unchanged in the midfoot and forefoot, suggesting the rollover process 
is mainly accelerated by reducing the time from heel strike to foot flat.54 
To minimize variability introduced because of walking speed, subjects 
may walk at a fixed rate or at their natural pace.57

Deviations from a normal gait pattern can occur if the subject has to 
take a long or short stride in an effort to place the foot on the appropri-
ate measurement area of floor-based systems. To minimize this effect, 
the measurement platform is placed flush with the floor and hidden 
from the subject with a thin, uniform floor covering. The traditional 
midgait method uses a short lead-up walk before the foot strikes the 
measurement platform. A three-step or two-step lead-up is as repro-
ducible, but a one-step lead-up is not adequate.58,59

Variability of the measurements is also dependent on the type of 
gait. For example, plantar pressures measured when standing differ 
from pressures measured during gait.37 Variations in walking patterns, 
such as a shuffling-type gait, alter the peak forces on the foot.60 Gait 
pattern alteration can be seen in certain conditions, such as after ankle 
fracture fixation or with concurrent knee pathology.49,55
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Fig. 1-33  Ground reaction to walking. A, Vertical force. B, Fore–aft shear. C, Medial–lateral shear. D, Torque. 
Ext., External; Fwd., forward; Int., internal; Lat., lateral; Med., medial.
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22 PART I  General Considerations

Drift and calibration of the measurement systems affect the vari-
ability of measurements. Plantar pressure measurement systems need 
to be calibrated to allow comparisons between systems. Transducer 
output varies between different transducers, with temperature, when 
an in-shoe system is removed and reinserted, and with the number of 
trials performed. Pressure can vary by as much as 20% with repeated 
measurements on the same insert.48 There may be an offset that drifts 
with time.59 The measurements may be adequate for relative ranking 
purposes but need repeated calibration with a fixed system if accurate 
values are needed.

Variability is also introduced in the methods by which the acquired 
data are analyzed. For example, peak pressure can be reported for the 
whole surface of the foot during a gait cycle, but the clinical utility of 
this is limited because different regions of the foot experience differ-
ent plantar pressures during the gait cycle. Subdividing the regions of 
the plantar foot and recording peak pressures in each of these areas 
over the gait cycle provides more meaningful data. The heel is often 
represented as a single region but may be subdivided into medial, cen-
tral, and lateral.54 Midfoot peak pressures may be useful in pathologic 
conditions, such as rocker-bottom deformity, and can classify foot 
morphology into planus, normal, and cavus categories.54 The base of 
the fifth metatarsal can be included as part of the midfoot or can be 
identified as a separate pressure zone. Improvements in sensor tech-
nology have allowed measurement of individual metatarsal heads and 
toe forefoot pressures.53,61 Definition of these regions (masks) is still a 
manual process and is repeated for each trial. Having a single person 
define the regions may decrease variability.61

Subject-specific characteristics also introduce variability. Children’s 
feet have a dramatically different loading pattern and lower peak pres-
sure because of high relative foot area62 (see Fig. 1-36). Differences in 
joint mobility and forefoot pressure based on a subject’s ethnicity have 
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Fig. 1-34  Pressure distribution under bare foot during walking. Height 
of display above ground is proportional to pressure. (From Clarke TE: The 
pressure distribution under the foot during barefoot walking [doctoral 
dissertation], University Park, PA, 1980, Pennsylvania State University.)

Fig. 1-35  Peak plantar pressure map using an in-shoe thin-film pressure 
transducer. Red represents areas of relatively high pressure, and violet, 
areas of low pressure. (Courtesy Ken Hunt, MD.)
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Fig. 1-36  Peak pressure values under selected foot regions demon-
strate impact in heel region, minimal weight bearing in midfoot, buildup 
of pressure beneath metatarsal heads, and transfer of weight to great 
toe region. (From Hennig EM, Rosenbaum D: Pressure distribution pat-
terns under the feet of children in comparison with adults, Foot Ankle 
11:306–311, 1991.)
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23CHAPTER 1  Biomechanics of the Foot and Ankle

been shown in neuropathic diabetics.63 The patient’s dominant side 
may experience greater static and dynamic vertical force,46 although 
others have found no side dominance.64 Foot morphology also affects 
plantar pressure; cavus feet have different midfoot loading character-
istics and rate and degree of hindfoot eversion than flatfeet.54 During 
running, fatigued subjects tend to have decreased step time, decreased 
peak and integral force and pressure under heel, and medialization of 
forces.47 After a hindfoot fusion, greater contact force at heel strike has 
been observed.65,66 This could be due to the inability of the calcaneus to 
move into a valgus position after heel strike.67

The effect of body weight on plantar pressure is less direct than 
might be expected. Although some have correlated maximum vertical 
force during gait and body weight,46 many other studies found little 
correlation.36,62,68 In children, the correlation of body weight to peak 
plantar pressures is clear and plays a greater role in determining peak 
pressure than in adults.52,62 The area of peak pressure most highly cor-
related with body weight in children is the fourth metatarsal head52 and 
in adults may be the fourth metatarsal head or the midfoot.52,62

Individuals load the foot with different spatial patterns as well. After 
heel strike, the forefoot may be loaded more medially or laterally across 
the metatarsal heads and may load the metatarsals and toes simultane-
ously or in turn. A variety of classification systems have been proposed 
to group these types of loading, and biomechanical theories have been 
proposed to explain the different loading patterns.51,52,61 Finally, there 
is an inherent variability in an individual’s gait from step to step that 
ranges from less than 1% for vertical ground reaction force to much 
higher for timing-dependent variables and values calculated as a prod-
uct of measures.64 Measured values may vary by more than 10% under 
identical testing conditions. Averaging data from as few as three trials 
improves the reliability of the measurement.69

Kinetics of Walking
Force plates measure the force felt by the floor produced by displace-
ment of the body’s center of gravity. By Newton’s law of equal and oppo-
site forces, this is the same force experienced by the foot and represents 
the effect of gravitational forces on the whole body while walking.9 The 
principle of the force plate is seen when one stands on a bathroom scale 
and flexes and extends the knees to raise and lower the body. The mea-
surement fluctuates abruptly as vertical floor reaction is registered.

Plantar pressure kinetics.  Research on plantar pressure during 
gait has proved useful in numerous clinically relevant areas, including 
forefoot pressure involving a number of clinical syndromes. Increased 
forefoot pressures may lead to metatarsalgia or neuropathic ulcer-
ation and is mitigated by simple insole modifications. Diabetic and 
neuropathic foot ulceration correlate with areas of increased vertical 

and shear forces.70 The weight-bearing pattern in these patients tends 
to shift from the medial to the lateral border of the forefoot, and the 
load taken by the toes is reduced.71 The rheumatoid foot demonstrates 
similar findings.67 A soft pad placed proximal to the metatarsal heads 
decreases metatarsal head pressure from 12% to 60%.72 Placement 
of a half-inch lateral heel wedge decreased pressure under the third 
through fifth metatarsal heads by 24% and increased pressure under 
first and second metatarsal heads by 21%.48 A half-inch medial heel 
wedge decreased the pressure under the first and second metatarsal 
heads by 28% and under the first toe by 31%.

Patients with hallux valgus may develop transfer metatarsal-
gia as plantar pressure increases under the lesser metatarsal heads 
and decreases under the first toe in relation to the size of the defor-
mity.73,74 This is associated with impaired maximum walking speed.75 
Those patients with hallux valgus and lesser toe metatarsalgia have 
greater peak pressure and peak pressure·time integral under the sec-
ond through fifth metatarsal heads than those without metatarsal-
gia.76 Measurement of plantar pressure may be predictive because no 
patients with less than 20 N/cm67 peak pressure had metatarsalgia, and 
all patients with more than 70 N/cm67 peak pressure had metatarsal-
gia. Hallux valgus correction with proximal first metatarsal osteotomy 
and distal soft tissue procedure decreases peak pressure under the sec-
ond and third metatarsal heads.77 After a distal chevron osteotomy for 
mild-to-moderate hallux valgus, the degree of plantar displacement of 
the distal first metatarsal osteotomy correlates with increased pressure 
under the first metatarsal head and to a decrease in clinical metatar-
salgia.78 Procedures that destabilize the first metatarsophalangeal joint, 
such as Keller resection arthroplasty and silicone (Silastic) implant 
arthroplasty, increase pressure on the lesser metatarsal heads74,79–81  
(Fig. 1-38).
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Fig. 1-37  Joint power generated (positive) or absorbed (negative) 
during the gait cycle before and after total ankle replacement. (From 
Brodsky JW, Polo FE, Coleman SC, Bruck N: Changes in gait follow-
ing the Scandinavian total ankle replacement, J Bone Joint Surg Am 
93:1890–1896, 2011.)
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Fig. 1-38  Peak forces (in newtons) measured in four areas of foot 
before and after silicone arthroplasty of first metatarsophalangeal 
joint. Preoperatively, there is significant weight bearing by first meta-
tarsal and great toe relative to lateral metatarsals. Postoperatively, 
there is decreased weight bearing by first metatarsal and great toe and 
increased weight bearing beneath lesser metatarsal head region. This 
demonstrates effect of loss of windlass mechanism, by which pressure 
is transferred to great toe, which, in turn, depresses first metatarsal 
head. (From Beverly MC, Horan FT, Hutton WC: Load cell analysis fol-
lowing silastic arthroplasty of the hallux, Int Orthop 9:101–104, 1985.)
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24 PART I  General Considerations

The Achilles tendon and plantar fascia also influence plantar pres-
sure and gait biomechanics.82 The Achilles tendon contributes to heel 
rise, leading to a reduction in the vertical displacement of the center of 
gravity and minimizing energy expenditure.83 During the stance phase, 
energy is stored in the gastrocnemius–soleus complex as the ankle dor-
siflexes, and the tendon is elastically stretched and is returned after heel 
rise as the ankle plantar flexes. This elastic recoil facilitates shortening of 
the gastrocnemius–soleus complex at rates well above those possible by 
maximal muscle contraction and allows the muscles to act at a rate and 
length of maximum efficiency over the gait cycle.84,85 Gastrocnemius–
soleus work increases with step length, effectively lengthening the limb 
by plantar flexing the ankle.85 A chronically elongated or ruptured 
tendon leads to a paradoxically rigid ankle by recruiting other ankle 
stabilizers.17 The time to initial peak vertical force is shortened, high-
lighting a loss of shock absorption, but the second peak vertical force, 
representing metatarsal head pressure, is not diminished.16 In diabetic 
patients with plantar ulceration, adding Achilles tendon lengthening to 
total contact casting leads to increased rate of healing and decreased 
recurrence of neuropathic ulcers.86 Ankle dorsiflexion is increased, and 
both plantar-flexion torque and peak plantar pressure are reduced after 
Achilles tendon lengthening initially, but plantar-flexor torque and 
peak pressure return by 7 months even though accentuated dorsiflex-
ion remains.86 This suggests that the decrease in peak plantar pressure 
may be related to a weakening of ankle plantar flexors rather than to an 
increase in ankle dorsiflexion.

Whole body kinetics.  The only forces that can produce motion 
in the human body are those created by gravity, by muscular activity, 
and, in a few instances, by the elasticity of specific connective tissue 
structures. A force plate instantaneously records the forces imposed by 
the body through the foot onto the floor. These measurements include 
vertical floor reactions, fore and aft shears, medial and lateral shears, 
and horizontal torques. During the stance phase of walking, the floor 
reactions in all four categories are continuously changing. Fig. 1-33 
demonstrates the force plate data obtained during normal walking. The 
slower an individual walks, the less the center of gravity moves, and the 
resultant forces are less. Conversely, the faster the gait, the greater the 
movement of the center of gravity, and hence a larger force is experi-
enced. When shoes are donned, these forces are transmitted through 
the interface between the sole of the shoe and the walking surface. This 
can attenuate rapid spikes, such as the heel striking the ground, and 
distribute the force over a larger area of the foot, diminishing peak 
plantar pressures.

The vertical element of ground reaction force is the largest of the 
component vectors and represents the force required to oppose the 
pull of gravity. It demonstrates an initial spike and rapid decline as the 
heel contacts the ground. Shoe material can alter the magnitude of the 
spike: a softer heel will result in a smaller initial spike and a harder heel 
in a larger spike. The vertical ground reaction force curve then has two 
peaks during the stance phase. The first whole body vertical force peak 
is 10% to 15% greater than body weight and is caused by the upward 
acceleration of the body’s center of gravity. This is followed by a dip 
to approximately 20% less than body weight as the center of gravity 
reaches the top of its trajectory and begins to fall. A second peak of 
10% to 15% greater than body weight results from resisting the falling 
of the center of gravity as the body moves over the stance leg. After 
this, the force rapidly declines to zero at toe-off as weight transfers to 
the opposite limb (see Fig. 1-33A). We see from the lack of a vertical 
ground reaction peak at the end of stance phase that the toes do not 
push off but rather are lifted from the floor as the weight transfers to 
the other side.

Forward shear occurs at initial heel strike representing the braking 
of the body as it resists forward momentum. After the center of gravity 

has passed in front of the weight-bearing foot, an aft shear occurs. The 
aft shear reaches a maximum as the opposite limb strikes the ground at 
50% of the walking cycle. The aft shear approaches zero at the time of 
toe-off, once again showing the lack of push off during normal walking 
gait. The magnitude of the fore–aft shear, however, is only about 10% to 
15% of body weight (see Fig. 1-33B).

Medial shear is the force exerted toward the midline at the time of 
heel strike, after which there is a persistent lateral shear until opposite 
heel strike at 50% of the cycle. A medial shear is not seen in persons with 
an above-knee amputation in whom a lateral shear mode is always pres-
ent because of lack of abductor control of the prosthesis. The magnitude 
of the medial–lateral shear is about 5% of body weight (see Fig. 1-33C).

Lower extremity rotation during the stance phase causes a torque of 
the foot against the ground. After heel strike, there is an internal torque 
that reaches maximum at the time of foot flat, after which there is a 
progressive external torque that reaches a maximum just before toe-
off. This torque corresponds to the inward and outward rotation of the 
lower extremity (see Fig. 1-33D). The majority of this rotation occurs 
with the foot firmly placed on the floor. The rotations, therefore, gener-
ate an internal torque of 7 to 8 newton-meters, which is of considerable 
magnitude.9 The ankle and subtalar joints facilitate the transmission of 
rotatory forces between the foot and lower limb.

The movement of the ground reaction force vector along the bot-
tom of a normal foot follows a consistent pattern87 (Fig. 1-39). After 
heel strike, it moves rapidly forward until it reaches the metatarsal area, 
where it dwells for about half of the stance phase, then passes distally 
to the great toe. In a patient with a rheumatoid arthritis–related hallux 
valgus deformity and significant metatarsalgia, the center of pressure 
remains in the posterior aspect of the foot, avoiding the painful meta-
tarsal area, then rapidly passes over the metatarsal heads along the mid-
dle of the foot88 (Fig. 1-40). In patients with amputation of the great toe, 
the center of pressure passes in a more lateral direction89 (Fig. 1-41).

Kinetics of Running
The forces involved during running are considerable, reaching 2.5 
to 3 times body weight (Fig. 1-42). The larger forces generated are 
related to increased displacement of the center of gravity as the speed 

60

50

40

30

25

20

15

10

5

2

55

45
35

Fig. 1-39  Peak plantar pressure map with superimposed path of instan-
taneous center of ground reaction force (black line). The red dots and 
corresponding labels represent the location of the ground reaction force 
at a given percentage of the gait cycle.
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Fig. 1-40  Progression of center of pressure in normal and abnormal 
foot, beginning at the right and progressing to the left. Blue line is the 
vertical component of ground reaction force, and tan line is anterior–
posterior shear component of ground reaction force. Marks along the 
path represent -second intervals. A, Note progression of center of pres-
sure from heel toward toes during normal walking cycle. The center of 
pressure moves rapidly from the heel, dwells in metatarsal head region, 
then passes rapidly to the great toe at toe-off. B, Progression of cen-
ter of pressure in a patient with rheumatoid arthritis with severe hal-
lux valgus deformity and significant metatarsalgia. Note that the center 
of pressure remains toward the heel, then rapidly progress across the 
metatarsal head area with little or no pressure borne by the great toe. 
Patients with rheumatoid arthritis or significant metatarsalgia keep their 
weight in the posterior aspect of foot to avoid pressure over the painful 
portion of foot, which may lead to a shuffling gait. (From Grundy M, Tosh 
PA, McLeish RD, Smidt L: An investigation of the centres of pressure 
under the foot while walking, J Bone Joint Surg Br 57:98–103, 1975.)

of gait increases. At initial ground contact, increasing the range of 
motion at the ankle, knee, and hip joints helps absorb these larger 
forces. As the speed of gait further increases, the degree of motion in 
these joints also increases to help absorb the added impact. Muscles 
are active over a greater percentage of the gait cycle during running. 
The gastrocnemius–soleus contribution to forward propulsion is 
minimal during normal walking but plays a larger role as walking 
speed increases.90
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