


PLASTIC SURGERY
SECRETS



2 This page intentionally left blank



B978-0-323-03470-8.00156-3, 00156

Plastic surgery 
secrets

Second edition

JeFFrey WeiNZWeig, MD, Facs

Chief of Craniofacial Surgery 
Director, Craniofacial Anomalies Program  

Division of Plastic Surgery  
Illinois Masonic Medical Center  

Chicago, Illinois

Director  
The Chicago Center  

for Plastic & Reconstructive Surgery 
Chicago, Illinois



1600 John F. Kennedy Blvd.
Ste 1800
Philadelphia, PA 19103-2899

PLASTIC SURGERY SECRETS, SECOND EDITION ISBN: 978-0-323-03470-8

Copyright © 2010, 1999 by Mosby, Inc., an affiliate of Elsevier Inc.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, 
including photocopying, recording, or any information storage and retrieval system, without permission in writing from the 
publisher. Permissions may be sought directly from Elsevier’s Rights Department: phone: (+1) 215 239 3804 (US) or (+44) 
1865 843830 (UK); fax: (+44) 1865 853333; e-mail: healthpermissions@elsevier.com. You may also complete your request 
on-line via the Elsevier website at http://www.elsevier.com/permissions.

Library of Congress Cataloging-in-Publication Data
Plastic surgery secrets / [edited by] Jeffrey Weinzweig. – 2nd ed.
  p. ; cm. – (Secrets series)
 Includes bibliographical references and index.
 ISBN 978-0-323-03470-8
 1. Surgery, Plastic–Examinations, questions, etc. I. Weinzweig, Jeffrey, 
1963- II. Series: Secrets series.
 [DNLM: 1. Surgery, Plastic–Examination Questions. 2. Reconstructive Surgical Procedures– 
Examination Questions. WO 18.2 P715 2010]
 RD118.P5385 2010
 617.9’5076–dc22 2009046360

Acquisitions Editor: Jim Merritt
Developmental Editor: Andrea Vosburgh
Project Manager: Mary Stermel
Design Direction: Steve Stave

Printed in China

Last digit is the print number: 9 8 7 6 5 4 3 2 1

Notice

Knowledge and best practice in this field are constantly changing. As new research and experience 
broaden our knowledge, changes in practice, treatment and drug therapy may become necessary or 
appropriate. Readers are advised to check the most current information provided (i) on procedures 
featured or (ii) by the manufacturer of each product to be administered, to verify the recommended dose 
or formula, the method and duration of administration, and contraindications. It is the responsibility of 
the practitioner, relying on their own experience and knowledge of the patient, to make diagnoses, to 
determine dosages and the best treatment for each individual patient, and to take all appropriate safety 
precautions. To the fullest extent of the law, neither the Publisher nor the Editor assumes any liability 
for any injury and/or damage to persons or property arising out or related to any use of the material 
contained in this book.

The Publisher



v

To my Ashley,
who inspires me to pursue my greatest dreams,

revels in my successes,
and laughs with me as we share the ride.

She motivates me, indulges me, and tolerates me.
She is my muse.



2 This page intentionally left blank



vii

Contents

Dedication v
Contributors xiii
Acknowledgments xxv
Foreword xxvii
Joseph G. McCarthy, MD
Afterword xxix
Robert M. Goldwyn, MD
Preface to the First Edition xxxi
Jeffrey Weinzweig, MD, FACS
Preface to the Second Edition xxxii
Jeffrey Weinzweig, MD, FACS

I Fundamental PrIncIPles oF PlastIc surgery

chapter 1 the PrinCiPles of Wound healing 3
Andrew Hsu, MD, and  
Thomas A. Mustoe, MD, FACS

chapter 2 teChniques and geometry of  
Wound rePair 8
Jeffrey Weinzweig, MD, FACS, and 
Norman Weinzweig, MD, FACS

chapter 3 anesthesia for PlastiC surgery 15
Brent V. Stromberg, MD, FACS

chapter 4 tissue exPansion 21
Alex Senchenkov, MD, and 
Ernest K. Manders, MD

chapter 5 alloPlastiC imPlantation 28
Stephen Daane, MD

chapter 6 the ProblematiC Wound 33
Thomas J. Krizek, MD

chapter 7 PrinCiPles and aPPliCations of VaCuum-
assisted Closure (VaC) 38
Malcolm W. Marks, MD; 
Louis C. Argenta, MD; and 
Anthony J. DeFranzo, MD

chapter 8 the fetal Wound 45
Jeffrey Weinzweig, MD, FACS;
Jeffrey V. Manchio, MD;
Christopher Khorsandi, MD;
Eric J. Stelnicki, MD; and 
Michael T. Longaker, MD, MBA, FACS

chapter 9 liability issues in PlastiC surgery 50
Mark Gorney, MD, FACS

chapter 10 CPt Coding strategies 56
Raymond V. Janevicius, MD, FACS

chapter 11 ethiCs in PlastiC surgery 61
Thomas J. Krizek, MD

chapter 12 adVanCes in basiC sCienCe researCh 72
Derrick C. Wan, MD;
Matthew D. Kwan, MD;
Eric I-Yun Chang, MD;
Geoffrey C. Gurtner, MD, FACS; and
Michael T. Longaker, MD, MBA, FACS

II Integument

chapter 13 malignant melanoma 81
Raymond L. Barnhill, MD, and
Martin C. Mihm, Jr., MD

chapter 14 basal Cell and squamous Cell  
CarCinoma 103
Girish B. Kapur, MD, MPH;
Vincent Boyd, MD;
Larry Hollier, Jr., MD;
Melvin Spira, MD, DDS; and
Samuel Stal, MD

chapter 15 PrinCiPles of mohs surgery 108
Priya S. Zeikus, MD, and
Suzanne Olbricht, MD

chapter 16 hemangiomas and VasCular  
malformations 114
John B. Mulliken, MD

chapter 17 Keloids and hyPertroPhiC sCars 120
Stephen Daane, MD, and
Bryant A. Toth, MD

chapter 18 hair transPlantation 123
David M. Schwartzenfeld, DO, and
Joseph Karamikian, DO

chapter 19 tattoos 128
Jennifer Hunter-Yates, MD, and
Raymond G. Dufresne, Jr., MD

III cranIoFacIal surgery I — congenItal

chapter 20 PrinCiPles of CraniofaCial surgery 135
Daniel Marchac, MD, and
Eric Arnaud, MD

chapter 21 CraniofaCial embryology 139
Oren M. Tepper, MD, and
Stephen M. Warren, MD



viii Contents

chapter 22 Cleft liP 146
D. Ralph Millard, Jr., MD, FACS, Hon.  
FRCS(Edin), Hon. FRCS, OD Ja.

chapter 23 Cleft Palate 151
Don LaRossa, MD;
Peter Randall, MD, FACS;
Marilyn A. Cohen, BA, LSLP; and
Ghada Y. Afifi, MD, FACS

chapter 24 CorreCtion of seCondary Cleft liP  
and Palate deformities 157
Robert M. Menard, MD, FACS, and
David J. David, AC, MD, FRCSE, FRCS, FRACS

chapter 25 dental basiCs 165
Albert Lam, DMD, and
Cynthia L. Koudela, DDS, MSD

chapter 26 orthodontiCs for oral Cleft  
CraniofaCial disorders 171
John L. Spolyar, DDS, MS

chapter 27 CePhalometriCs 179
Prasanna-Kumar Shivapuja, BDS, MDS(ortho), 
DDS, MS(ortho), and John L. Spolyar, DDS, MS

chapter 28 PrinCiPles of orthognathiC surgery 187
Mitchell A. Stotland, MD, MS, FRCSC, and
Henry K. Kawamoto, Jr., MD, DDS

chapter 29 Cleft orthognathiC surgery 192
Fernando Ortiz Monasterio, MD, and
David L. Ramirez, MD

chapter 30 Craniosynostosis 196
Jeffrey Weinzweig, MD, FACS, and
Linton A. Whitaker, MD

chapter 31 PrinCiPles of distraCtion osteogenesis 212
Stephen M. Warren, MD; 
Sacha Obaid, MD; and 
Joseph G. McCarthy, MD

chapter 32 distraCtion osteogenesis of  
the mandible 219
Sacha Obaid, MD;
Stephen M. Warren, MD; and
Joseph G. McCarthy, MD

chapter 33 distraCtion osteogenesis  
of the midfaCe 226
Robert J. Paresi, Jr., MD, MPH;
William J. Martin, MD;
Niki A. Christopoulos, MD;
Alvaro A. Figueroa, DDS, MS; and
John W. Polley, MD

chapter 34 distraCtion osteogenesis of the Cranium 230
Fernando Molina, MD, and
David L. Ramírez, MD

chapter 35 orbital hyPertelorism 235
Matthew R. Swelstad, MD, and
Louis Morales, Jr., MD

chapter 36 CraniofaCial syndromes 238
Shai Rozen, MD, and
Kenneth E. Salyer, MD, FACS, FAAP

chapter 37 CraniofaCial Clefts 244
Jeffrey Weinzweig, MD, FACS

chapter 38 CraniofaCial miCrosomia 253
Chris A. Campbell, MD;
Jack C. Yu, DMD, MD, MS ED; and 
Kant Y. Lin, MD

chapter 39 sKull base surgery 257
Stephen P. Beals, MD, FACS, FAAP, and
Rebecca J.B. Hammond, MBA, MHSM

chapter 40 Conjoined tWins 268
David A. Staffenberg, MD, DSc(Hon), and
James T. Goodrich, MD, PhD, DSc(Hon)

IV cranIoFacIal surgery II — traumatIc

chapter 41 assessment and management  
of faCial injuries 275
Paul N. Manson, MD

chapter 42 radiologiC examination of  
the CraniofaCial sKeleton 282
Jeffrey A. Fearon, MD, FACS, FAAP

chapter 43 PediatriC faCial fraCtures 286
Joseph E. Losee, MD, FACS, FAAP; 
Shao Jiang, MD; and
Richard C. Schultz, MD, FACS

chapter 44 fraCtures of the frontal sinus 291
M. Brandon Freeman, MBA, MD, PhD, and  
Raymond J. Harshbarger III, MD

chapter 45 fraCtures of the nose 295
Davinder J. Singh, MD; 
Dennis E. Lenhart, MD; and
Rudolph F. Dolezal, MD, FACS

chapter 46 fraCtures of the orbit 299
Jeffrey Weinzweig, MD, FACS;
Peter J. Taub, MD, FACS, FAAP; and
Scott P. Bartlett, MD

chapter 47 fraCtures of the Zygoma 308
Albert S. Woo, MD, and
Joseph S. Gruss, MBBCh, FRCSC

chapter 48 fraCtures of the maxilla 316
Robert J. Morin, MD; 
Renee Burke, MD; and
S. Anthony Wolfe, MD, FACS, FAAP

chapter 49 fraCtures of the mandible 320
Robert J. Paresi, Jr., MD, MPH; 
William J. Martin, MD; 
Alvaro A. Figueroa, DDS, MS; and
John W. Polley, MD



ixContents

chapter 50 management of PanfaCial fraCtures 326
Steven R. Buchman, MD, and
Christi M. Cavaliere, MD

chapter 51 seCondary management of  
PosttraumatiC CraniofaCial  
deformities 330
Christopher R. Forrest, MD, MSc,  
FRCSC, FACS

chapter 52 reConstruCtion of ComPlex  
CraniofaCial defeCts 340
Ian T. Jackson, MD, DSC(Hon), FRCS, FACS, 
FRACS(Hon)

V Head and neck reconstructIon

chapter 53 head and neCK embryology  
and anatomy 347
Mark S. Granick, MD, and
Lisa M. Jacob, MD

chapter 54 head and neCK CanCer 355
Brian R. Gastman, MD; 
Anjali R. Mehta, MD, MPH; and
Jeffrey N. Myers, MD, PhD, FACS

chapter 55 loCal flaPs of the head and neCK 363
Michael P. McConnell, MD, and
Gregory R.D. Evans, MD, FACS

chapter 56 forehead reConstruCtion 373
Mahesh H. Mankani, MD, FACS, and
Stephen J. Mathes, MD

chapter 57 nasal reConstruCtion 381
Roy W. Hong, MD, and
Frederick Menick, MD

chapter 58 eyelid reConstruCtion 388
Daniel J. Azurin, MD, and
Armand D. Versaci, MD

chapter 59 ear reConstruCtion 395
Bruce S. Bauer, MD, FACS, FAAP, and
Erik M. Bauer, MD

chapter 60 liP reConstruCtion 401
John T. Seki, MD, FRCSC, FACS

chapter 61 reConstruCtion of the oral CaVity 409
Eser Yuksel, MD;
Sven N. Sandeen, MD;
Adam B. Weinfeld, MD;
Saleh M. Shenaq, MD, FACS; and
Howard N. Langstein, MD, FACS

chapter 62 mandible reConstruCtion 416
Norman Weinzweig, MD, FACS, and
Jeffrey Weinzweig, MD, FACS

chapter 63 sCalP reConstruCtion 422
Shawkat Sati, MD;
Ahmed Seif Makki, MD, FRCS; 
Mark Shashikant, MD; and
Sai S. Ramasastry, MD, FRCS, FACS

chapter 64 surgiCal anatomy of the faCial nerVe 427
Soheil S. Younai, MD, FACS, and
Brooke R. Seckel, MD, FACS

chapter 65 reanimation of the ParalyZed faCe 431
Julia K. Terzis, MD, PhD, FACS, FRCS(C)

VI Breast surgery

chapter 66 augmentation mammaPlasty 441
Dennis C. Hammond, MD, and
Dana K. Khuthaila, MD, FRCS(C)

chapter 67 reduCtion mammaPlasty 446
Deborah J. White, MD, and
G. Patrick Maxwell, MD

chapter 68 mastoPexy 453
Daniel J. Azurin, MD;
Jack Fisher, MD; and
G. Patrick Maxwell, MD

chapter 69 diseases of the breast 458
Kirby I. Bland, MD, and
Peter D. Ray, MD

chapter 70 breast reConstruCtion 462
Maurice Y. Nahabedian, MD, FACS

chapter 71 niPPle–areola reConstruCtion 466
John William Little, MD, FACS

chapter 72 gyneComastia 470
Jonathan L. Le, MD;
Nicholas J. Speziale, MD, FACS; and
Mary H. McGrath, MD, MPH, FACS

VII aestHetIc surgery

chapter 73 eValuation of the aging faCe 477
Jack A. Friedland, MD, FACS, and
Terry R. Maffi, MD, FACS

chapter 74 forehead and broW lift 484
David P. Schnur, MD, and
Paul L. Schnur, MD

chapter 75 blePharoPlasty 487
Robert S. Flowers, MD, and
Eugene M. Smith, Jr., MD, FACS

chapter 76 the nasolabial fold 498
Jeffrey Weinzweig, MD, FACS;
Marcello Pantaloni, MD;
Erik A. Hoy, MD;
Jhonny Salomon, MD, FACS; and
Patrick K. Sullivan, MD

chapter 77 rhytideCtomy 504
Jennifer L. Walden, MD, FACS, and
Sherrell J. Aston, MD, FACS

chapter 78 rhinoPlasty 516
Jaimie DeRosa, MD, MS, and
Dean M. Toriumi, MD



x Contents

chapter 79 otoPlasty 526
Jeffrey Weinzweig, MD, FACS

chapter 80 abdominoPlasty 532
Christine A. DiEdwardo, MD, FACS;
Stephanie A. Caterson, MD; and
David T. Barrall, MD

chapter 81 body Contouring 538
Samuel J. Beran, MD, and
Joshua A. Greenwald, MD, FACS

chapter 82 body Contouring after massiVe  
Weight loss 542
Michele A. Shermak, MD;
Sonal Pandya, MD; and
Sean T. Doherty, MD

chapter 83 ChemiCal Peeling and dermabrasion 549
Sheilah A. Lynch, MD, and
Karl A. Schwarz, MD, MSc, FRCSC

chapter 84 aesthetiC laser surgery 554
William T. McClellan, MD, and
Brooke R. Seckel, MD, FACS

chapter 85 endosCoPiC surgery 561
Oscar M. Ramirez, MD, FACS, and
W.G. Eshbaugh, Jr., MD, FACS

chapter 86 augmentation of the faCial sKeleton 564
Michael J. Yaremchuk, MD, FACS

chapter 87 aesthetiC orthognathiC surgery 568
Stephen B. Baker, MD, DDS, and
Harvey Rosen, MD, DMD

chapter 88 genioPlasty 573
Stephen B. Baker, MD, DDS

chapter 89 non-surgiCal rejuVenation of  
the aging faCe 579
William T. McClellan, MD, and
Brooke R. Seckel, MD, FACS

VIII trunk and lower extremIty

chapter 90 Chest Wall reConstruCtion 587
Jeffrey Weinzweig, MD, FACS

chapter 91 abdominal Wall reConstruCtion 594
Dan H. Shell IV, MD; 
Luis O. Vásconez, MD;
Jorge I. de la Torre, MD;
Gloria A. Chin, MD, MS; and
Norman Weinzweig, MD, FACS

chapter 92 reConstruCtion of the Posterior trunK 605
Eric G. Halvorson, MD, and
Joseph J. Disa, MD, FACS

chapter 93 reConstruCtion of the loWer extremity 610
R. Jobe Fix, MD, and
Tad R. Heinz, MD, FACS

chapter 94 leg ulCers 616
Norman Weinzweig, MD, FACS; 
Russell Babbitt III, MD; and
Raymond M. Dunn, MD

chapter 95 Pressure sores 626
Mimis Cohen, MD, FACS, and
Sai S. Ramasastry, MD, FRCS, FACS

chapter 96 lymPhedema 630
Arin K. Greene, MD, MMSc;
Loren J. Borud, MD; and
Sumner A. Slavin, MD

chapter 97 reConstruCtion of the genitalia 636
Leslie T. McQuiston, MD, and
Anthony A. Caldamone, MD, MMS, FAAP, FACS

Ix Burns

chapter 98 thermal burns 643
Karen E. Frye, MD, and
Arnold Luterman, MD, FRCS(C), FACS

chapter 99 eleCtriCal injuries 648
Mahesh H. Mankani, MD, FACS, and
Raphael C. Lee, MD, ScD, DSc(Hon), FACS

chapter 100 ChemiCal injuries 652
Osak Omulepu, MD, and
David J. Bryan, MD, FACS

chapter 101 frostbite 657
Jagruti C. Patel, MD, FACS, and
James W. Fletcher, MD, FACS

chapter 102 metabolism and nutrition 661
Eric J. Mahoney, MD;
Walter L. Biffl, MD; and
William G. Cioffi, MD, FACS

chapter 103 burn reConstruCtion 665
Jane A. Petro, MD, FACS, and
Zahid Niazi, MD, FRCSI, FICS, FNYAM

x tIssue transPlantatIon

chapter 104 PrinCiPles of sKin grafts 677
Joyce C. Chen, MD, and
Sonu A. Jain, MD

chapter 105 PrinCiPles of sKin flaP surgery 684
Mitchell A. Stotland, MD, MS, FRCSC, and
Carolyn L. Kerrigan, MD, MSc, FRCSC

chapter 106 PrinCiPles of fasCia and  
fasCioCutaneous flaPs 688
Geoffrey G. Hallock, MD

chapter 107 PrinCiPles of musCle and  
musCuloCutaneous flaPs 697
Geoffrey G. Hallock, MD

chapter 108 PrinCiPles of Perforator flaPs 704
Geoffrey G. Hallock, MD



xiContents

chapter 109 PrinCiPles of miCroVasCular  
free tissue transfer 712
Rudolf Buntic, MD, and
Harry J. Buncke, MD

chapter 110 free flaP donor sites 717
Mahesh H. Mankani, MD, FACS, and
Julian J. Pribaz, MD

chapter 111 leeChes 721
Stephen Daane, MD

chapter 112 PrinCiPles of faCial transPlantation 724
Maria Siemionow, MD, PhD, DSc; 
Erhan Sonmez, MD; and
Frank A. Papay, MD, FACS, FAAP

chapter 113 PrinCiPles of hand transPlantation 729
Vijay S. Gorantla, MD, PhD;
Stefan Schneeberger, MD; and
W.P. Andrew Lee, MD

xI tHe Hand and uPPer extremIty

chapter 114 anatomy of the hand 739
Lee E. Edstrom, MD

chapter 115 PhysiCal examination of the hand 749
Christian Dumontier, MD, PhD, and
Raoul Tubiana, MD

chapter 116 radiologiC examination of the hand 755
Wilfred C.G. Peh, MBBS, MD, FRCP, FRCR, and
Louis A. Gilula, MD, ABR, FACR

chapter 117 anesthesia for surgery of the hand 760
Rosemary Hickey, MD, and
Somayaji Ramamurthy, MD

chapter 118 Congenital anomalies 767
Joseph Upton III, MD, and
Ben J. Childers, MD

chapter 119 the PediatriC hand 776
Samuel O. Poore, MD, PhD, and
Michael L. Bentz, MD, FAAP, FACS

chapter 120 Problems inVolVing the PerionyChium 783
Lisa Ann Whitty, MD, and
Duffield Ashmead IV, MD

chapter 121 fingertiP injuries 787
Richard J. Zienowicz, MD, FACS;
Albert R. Harris, MD; and
Vineet Mehan, MD

chapter 122 metaCarPal and Phalangeal  
fraCtures 794
Norman Weinzweig, MD, FACS, and
Mark H. Gonzalez, MD, MEng

chapter 123 joint disloCations and ligament  
injuries 802
W. Bradford Rockwell, MD, and
R. Christie Wray, Jr., MD

chapter 124 small joint arthrodesis and  
arthroPlasty 806
Lana Kang, MD;
Alan Rosen, MD; and
Andrew J. Weiland, MD

chapter 125 flexor tendon injuries 813
William F. Wagner, MD, and
James W. Strickland, MD

chapter 126 extensor tendon injuries 820
Mary Lynn Newport, MD, and
Robert J. Havlik, MD

chapter 127 tendon transfers 825
Julie A. Melchior, MD;
Richard I. Burton, MD;
Paul A. Martineau, MD, FRCSC; and
Thomas Trumble, MD

chapter 128 soft tissue CoVerage of the hand 838
Jeffrey Weinzweig, MD, FACS

chapter 129 infeCtions of the hand 845
Norman Weinzweig, MD, FACS, and
Mark H. Gonzalez, MD, MEng

chapter 130 rePlantation and reVasCulariZation 851
Rudolf Buntic, MD, and
Harry J. Buncke, MD

chapter 131 thumb reConstruCtion 855
Raymond Tse, MD, FRCSC;
Donald R. Laub, Jr., MS, MD, FACS; and
Vincent R. Hentz, MD

chapter 132 the mutilated hand 860
Jeffrey Weinzweig, MD, FACS, and
Norman Weinzweig, MD, FACS

chapter 133 VasCular disorders of the uPPer  
extremity 871
Nada Berry, MD, and
Michael W. Neumeister, MD, FACS, FRCS

chapter 134 ComPartment syndrome and 
isChemiC ContraCture in the uPPer  
extremity 876
Brian S. Coan, MD, and
L. Scott Levin, MD, FACS

chapter 135 PeriPheral nerVe injuries 880
Renata V. Weber, MD, and
Susan E. Mackinnon, MD

chapter 136 nerVe ComPression syndromes 887
A. Lee Dellon, MD, PhD

chapter 137 braChial Plexus 893
Adam J. Vernadakis, MD, and
Mark H. Gonzalez, MD, MEng

chapter 138 rheumatoid arthritis 900
Ronit Wollstein, MD;
Nabil A. Barakat, MD; and
W.P. Andrew Lee, MD



xii Contents

chapter 139 duPuytren’s disease 903
Robert M. McFarlane, MD, FRCSC, and
Douglas C. Ross, MD, MEd, FRCSC

chapter 140 stenosing tenosynoVitis 908
Simon H. Chin, MD, and
Nicholas B. Vedder, MD, FACS

chapter 141 tumors 912
Justin M. Sacks, MD, and
Kodi K. Azari, MD, FACS

chapter 142 ComPlex regional Pain syndrome 924
Renata V. Weber, MD, and
Susan E. Mackinnon, MD

chapter 143 rehabilitation of the injured hand 929
Lois Carlson, OTR/L, CHT, and
Lynn Breglio, MS, PT, CHT

xII tHe wrIst

chapter 144 anatomy of the Wrist 939
Richard A. Berger, MD, PhD

chapter 145 PhysiCal examination of the Wrist 946
Jeffrey Weinzweig, MD, FACS, and
H. Kirk Watson, MD

chapter 146 radiograPhiC examination of the Wrist 954
Punita Gupta, MD, and 
Louis A. Gilula, MD, ABR, FACR

chapter 147 biomeChaniCs of the Wrist 961
Jaiyoung Ryu, MD, and
Jon Kline, MS, ATS, PA-C

chapter 148 the PediatriC Wrist 964
Jaiyoung Ryu, MD, and
Matthew S. Loos, MD

chapter 149 fraCtures of the CarPal bones 967
James Lilley, MD;
Mark N. Halikis, MD; and
Julio Taleisnik, MD

chapter 150 KienböCK’s disease 972
David C. Kim, MD, FACS, and
David M. Lichtman, MD

chapter 151 CarPal disloCations and instability 979
Ryan P. Calfee, MD;
Amar Patel, MD; and
Edward Akelman, MD

chapter 152 ulnar Wrist Pain 984
Craig M. Rodner, MD, and
Arnold-Peter C. Weiss, MD

chapter 153 rheumatoid arthritis of the Wrist 988
Alarick Yung, MD, and
Leonard K. Ruby, MD

chapter 154 distal radius fraCtures 994
Chaitanya S. Mudgal,  
MD, MS(Orth), MCh(Orth), and
Jesse B. Jupiter, MD

chapter 155 limited Wrist arthrodesis 1002
Jeffrey Weinzweig, MD, FACS, and
H. Kirk Watson, MD

index 1011



xiii

Contributors

Ghada Y. Afifi, MD, FACS
Clinical Assistant Professor, Department of Plastic Surgery, 

Loma Linda University Medical Center, Loma Linda, 
California; Attending Physician, Private Practice, 
Department of Plastic Surgery, Hoag Hospital, Newport 
Beach, California; Attending Physician, Private Practice, 
Department of Surgery, Orange Coast Memorial Hospital, 
Fountain Valley, California; Volunteer Clinical Assistant 
Professor, Department of Plastic Surgery, University of 
California at San Diego, San Diego, California

Edward Akelman, MD
Professor/Vice Chairman, Department of Orthopaedics, 

Brown University; Chief, Division of Hand, Upper Extremity 
& Microvascular Surgery, Department of Orthopaedics, 
Rhode Island Hospital, Providence, Rhode Island

Louis C. Argenta, MD
Julius Howell Distinguished Professor of Surgery, Chairman 

Emeritus, Director of Experimental Surgery, Department 
of Plastic and Reconstructive Surgery, Wake Forest 
Medical Center, Winston Salem, North Carolina

Eric Arnaud, MD
Co-Director, Craniofacial Unit, Department of Neurosurgery, 

Hôpital Necker Enfants Malades, Paris, France

Duffield Ashmead IV, MD
Assistant Clinical Professor, Department of Orthopaedic 

Surgery, University of Connecticut School of Medicine; 
Associate Medical Staff, Department of Plastic and 
Reconstructive Surgery, University of Connecticut 
Health Center, Farmington, Connecticut; Active Senior 
Staff, Clinical Assistant Staff, Department of Plastic and 
Reconstructive Surgery, Hartford Hospital; Attending 
Surgeon, Co-Director, Division of Hand Surgery, 
Department of Plastic and Reconstructive Surgery, 
Connecticut Children’s Medical Center, Hartford, 
Connecticut

Sherrell J. Aston, MD, FACS
Professor of Surgery, Department of Plastic Surgery, 

New York University School of Medicine; Chairman, 
Department of Plastic Surgery, Manhattan Eye, Ear & 
Throat Hospital, New York, New York

Kodi K. Azari, MD, FACS
Assistant Professor of Plastic Surgery and Orthopaedic 

Surgery, Chief, UPMC Mercy Division of Hand Surgery, 
Director, Hand Surgery Fellowship, Division of Plastic 
Surgery, University of Pittsburgh School of Medicine, 
Pittsburgh, Pennsylvania

Daniel J. Azurin, MD
Staff Surgeon, Department of Plastic Surgery, University 

Hospital, Tamarac, Florida

Russell Babbitt III, MD
Resident in General Surgery, Department of Surgery, 

University of Massachusetts Medical School; Resident 
in General Surgery, Department of Surgery, University 
of Massachusetts Memorial Health Care, Worcester, 
Massachusetts

Stephen B. Baker, MD, DDS
Associate Professor, Department of Plastic Surgery, 

Georgetown University Hospital, Washington, DC; 
Co-Director, Craniofacial Clinic, Inova Fairfax Hospital for 
Children, Falls Church, Virginia

Nabil A. Barakat, MD
Private Practice, Hand & Plastic Surgery Associates, 

Elmhurst, Illinois

Raymond L. Barnhill, MD
Clinical Professor, Department of Pathology, Department 

of Dermatology, University of Miami Miller School of 
Medicine, University of Miami Hospitals and Clinics, 
Miami, Florida

David T. Barrall, MD
Assistant Clinical Professor of Plastic Surgery, Department 

of Plastic Surgery, Brown University; Chief of Plastic 
Surgery, Department of Surgery/Plastic Surgery, Miriam 
Hospital, Providence, Rhode Island

Scott P. Bartlett, MD
Professor of Plastic Surgery, University of Pennsylvania; 

Peter Randall Endowed Chair in Pediatric Plastic Surgery, 
Department of Plastic Surgery, Children’s Hospital of 
Philadelphia, Philadelphia, Pennsylvania

Bruce S. Bauer, MD, FACS, FAAP
Director of Pediatric Plastic Surgery, North Shore University 

Health System; Clinical Professor of Surgery, University 
of Chicago; Pritzker School of Medicine, Highland Park 
Hospital, Highland Park, Illinois

Erik M. Bauer, MD
Pediatric Otolaryngologist, Pediatric Ear, Nose, and Throat of 

Atlanta, PC, Atlanta, Georgia

Stephen P. Beals, MD, FACS, FAAP
Director, Barrow Craniofacial Center, St. Joseph’s Hospital 

and Medical Center, Pheonix, Arizona; Associate Professor 
of Plastic Surgery, Department of Plastic Surgery, Mayo 
Medical School, Rochester, Minnesota

Michael L. Bentz, MD, FAAP, FACS
Professor of Surgery, Pediatrics and Neurosurgery, 

Chairman, Division of Plastic Surgery, Vice Chairman 
of Clinical Affairs, Department of Surgery, University of 
Wisconsin, University of Wisconsin Hospital, Madison, 
Wisconsin



xiv Contributors

Samuel J. Beran, MD
Chief of Plastic Surgery, White Plains Hospital, White Plains, 

New York

Richard A. Berger, MD, PhD
Professor of Orthopaedic Surgery and Anatomy, Mayo Clinic, 

Rochester, Minnesota

Nada Berry, MD
Resident, Department of Surgery, Division of Plastic 

Surgery, Southern Illinois University School of Medicine, 
Springfield, Illinois

Walter L. Biffl, MD
Department of Surgery, Denver Health Medical Center, 

Denver, Colorado

Kirby I. Bland, MD
Fay Fletcher Kerner Professor and Chairman, Department 

of Surgery, University of Alabama at Birmingham, 
Birmingham, Alabama

Loren J. Borud, MD
Assistant Professor of Surgery, Department of Surgery, 

Harvard Medical School; Department of Surgery, Beth Israel 
Deaconess Medical Center, Boston, Massachusetts

Vincent Boyd, MD
Fellow, Department of Plastic Surgery, Baylor College of 

Medicine, Texas Children’s Hospital

Lynn Breglio, MS, PT, CHT
Clinical Instructor, Department of Physical Therapy, 

University of Hartford, West Hartford, Connecticut

David J. Bryan, MD, FACS
Associate Professor, Department of Surgery, Tufts University 

School of Medicine, Boston, Massachusetts; Vice 
Chairman, Department of Plastic and Reconstructive 
Surgery, Lahey Clinic, Burlington, Massachusetts; 
Lecturer, Harvard-MIT Health Sciences and Technology 
Program, Cambridge, Massachusetts

Steven R. Buchman, MD
Professor of Surgery and Neurosurgery, Department of 

Plastic Surgery, University of Michigan Medical School; 
Chief, Pediatric Plastic Surgery, Director, Craniofacial 
Anomalies Program, Department of Plastic Surgery, 
University of Michigan, Ann Arbor, Michigan

Harry J. Buncke, MD
Clinical Professor of Surgery, Division of Plastic Surgery, 

University of California, San Francisco School of Medicine, 
San Francisco, California; Associate Clinical Professor of 
Surgery, Stanford University School of Medicine, Stanford, 
California; Co-Director, Microsurgical Replantation/
Transplantation Division, Davies Medical Center, San 
Francisco, California

Rudolf Buntic, MD
Chief of Microsurgery, California Pacific Medical Center, San 

Francisco, California; Clinical Instructor in Plastic Surgery, 
Stanford University, Stanford, California

Renee Burke, MD
Craniofacial Fellow, Department of Plastic Surgery, Miami 

Children’s Hospital, Miami, Florida

Richard I. Burton, MD
Senior Associate Dean for Academic Affairs, University of 

Rochester School of Medicine and Dentistry; Emeritus 
Wehle Professor, Emeritus Chair, Department of 
Orthopaedics, University of Rochester Medical Center, 
Rochester, New York

Anthony A. Caldamone, MD, MMS, FAAP, FACS
Professor of Surgery (Urology) and Pediatrics, Department 

of Surgery, Warren Alpert Medical School of Brown 
University, Rhode Island Hospital; Chief of Pediatric 
Urology, Department of Pediatric Urology, Hasbro 
Children’s Hospital, Providence, Rhode Island

Ryan P. Calfee, MD
Assistant Professor, Washington University School of Medicine, 

Department of Orthopedic Surgery, St. Louis, Missouri

Chris A. Campbell, MD
Resident, Department of Plastic Surgery, University of 

Virginia, Charlottesville, Virginia

Lois Carlson, OTR/L, CHT
Director of Hand Therapy, The Hand Center, Hartford, 

Connecticut

Stephanie A. Caterson, MD
Instructor of Surgery, Department of Plastic Surgery, Harvard 

Medical School; Instructor of Surgery, Department of 
Plastic Surgery, Brigham and Women’s Hospital, Boston, 
Massachusetts

Christi M. Cavaliere, MD
Lecturer, Section of Plastic Surgery, University of Michigan, 

Ann Arbor, Michigan

Eric I-Yun Chang, MD
Postdoctoral Research Fellow, Department of Plastic 

Surgery, Stanford University, Stanford, California; 
Categorical General Surgery Resident, Department of 
Surgery, University of Medicine and Dentistry of New 
Jersey, Robert Wood Johnson Medical School, New 
Brunswick, New Jersey

Joyce C. Chen, MD
Pediatric Plastic Surgery and Craniofacial Surgery Fellow, 

Staff Surgeon, Department of Surgery, Division of 
Plastic and Maxillofacial Surgery, Childrens Hospital Los 
Angeles, University of Southern California; Staff Surgeon, 
Department of Plastic and Reconstructive Surgery, Cedars 
Sinai Hospital, Los Angeles, California

Ben J. Childers, MD
Chief of Plastic Surgery, Department of Surgery, Riverside 

Community Hospital, Riverside, California; Loma Linda 
University Medical Center, Loma Linda, California

Gloria A. Chin, MD, MS
Chief Resident, Division of Plastic Surgery, University of 

Illinois College of Medicine, University of Illinois Hospital 
and Cook County Hospital, Chicago, Illinois

Simon H. Chin, MD
Former Hand Fellow, Department of Orthopedics, University 

of Washington, Seattle, Washington; Aesthetics Fellow, 
Department of Plastic Surgery, Manhattan Eye, Ear & 
Throat Hospital, New York, New York



xvContributors

Niki A. Christopoulos, MD
Fellow, Department of Plastic and Reconstructive Surgery, 

Rush University Medical Center, Chicago, Illinois

William G. Cioffi, MD, FACS
J. Murray Beardsley Professor and Chairman, Department 

of Surgery, The Warren Alpert Medical School of Brown 
University; Surgeon-in-Chief, Department of Surgery, 
Rhode Island Hospital, Providence, Rhode Island

Brian S. Coan, MD
Care Plastic Surgery, Durham, North Carolina

Marilyn A. Cohen, BA, LSLP
Administrative Director, Regional Cleft Palate-Craniofacial 

Program, Cooper University Hospital, Camden, New 
Jersey; Speech Pathology Consultant, Department of 
Plastic Surgery, The Children’s Hospital of Philadelphia, 
Philadelphia, Pennsylvania

Mimis Cohen, MD, FACS
Professor and Chief, Division of Plastic, Reconstructive, 

and Cosmetic Surgery, University of Illinois, University of 
Illinois Medical Center, Chicago, Illinois

Stephen Daane, MD
Chief, Plastic Surgery Division, Oakland Children’s Hospital, 

Oakland, California

David J. David, AC, MD, FRCSE, FRCS, FRACS
Clinical Professor of Craniomaxillofacial Surgery, 

Department of Medicine, University of Adelaide; Head of 
Unit, Australian Craniofacial Unit, Women and Children’s 
Hospital; Head of Unit, Australian Craniofacial Unit, 
Royal Adelaide Hospital, Adelaide, South Australia, 
Australia

Jorge I. de la Torre, MD
Professor and Program Director, Division of Plastic Surgery, 

University of Alabama School of Medicine; Chief, Section 
of Plastic Surgery, University of Alabama Highlands 
Hospital; Chief, Plastic Surgery Section, Birmingham VA 
Medical Center; Director, Center for Advanced Surgical 
Aesthetics, Birmingham, Alabama

Anthony J. DeFranzo, MD
Associate Professor, Department of Plastic and 

Reconstructive Surgery, Wake Forest University School of 
Medicine; North Carolina Baptist Hospital, Winston Salem, 
North Carolina

A. Lee Dellon, MD, PhD
Professor, Department of Plastic Surgery and Neurosurgery, 

Johns Hopkins University; Department of Plastic Surgery 
and Neurosurgery, Johns Hopkins Hospital, Union 
Memorial Hospital, Baltimore, Maryland

Jaimie DeRosa, MD, MS
Clinical Associate Professor, Otolaryngology–Head and Neck 

Surgery, Temple University, Philadelphia, Pennsylvania; 
Associate, Otolaryngology–Head and Neck Surgery, 
Division of Facial Plastic and Reconstructive Surgery, 
Geisinger Medical Center, Danville, Pennsylvania

Christine A. DiEdwardo, MD, FACS
Plastic and Reconstructive Surgeon, Department of Plastic 

and Reconstructive Surgery, Lahey Clinic Medical Center, 
Burlington, Massachusetts

Joseph J. Disa, MD, FACS
Associate Professor of Surgery, Division of Plastic Surgery, 

Cornell Weill Medical College; Associate Attending 
Surgeon, Plastic and Reconstructive Surgery Service, 
Memorial Sloan-Kettering Cancer Center, New York, 
New York

Sean T. Doherty, MD
Plastic Surgeon, Department of Plastic Surgery, Emerson 

Hospital; Plastic Surgeon, Boston Plastic Surgical 
Associates, Concord, Massachusetts

Rudolph F. Dolezal, MD, FACS
Associate Clinical Professor, Department of Surgery, 

Division of Plastic Surgery, University of Illinois Medical 
Center at Chicago, Chicago, Illinois; Attending Surgeon, 
Department of Plastic Surgery, Lutheran General 
Hospital, Park Ridge, Illinois; Senior Attending Surgeon, 
Department of Plastic Surgery, Northwest Community 
Hospital, Arlington Heights, Illinois; Senior Attending 
Surgeon, Department of Surgery, Holy Family Hospital, 
Des Plaines, Illinois

Raymond G. Dufresne, Jr., MD
Professor, Department of Dermatology, Brown University 

School of Medicine; Director, Dermatologic Surgery 
Division, Department of Dermatology, Rhode Island 
Hospital, Providence, Rhode Island

Christian Dumontier, MD, PhD
Professor, Orthopedic Department, Institut de la Main; 

Professor, Orthopedic Department, Hopital saint Antoine, 
Paris, France

Raymond M. Dunn, MD
Professor of Surgery and Cell Biology, Chief, Division of 

Plastic Surgery, University of Massachusetts Medical 
School, University of Massachusetts Memorial Health 
Care, Worcester, Massachusetts

Lee E. Edstrom, MD
Professor of Surgery, Department of Surgery, Brown 

University; Chief of Plastic Surgery, Lifespan, Providence, 
Rhode Island

W.G. Eshbaugh, Jr., MD, FACS
Medical Staff, Department of Plastic Surgery, Gulf Coast 

Medical Center, Fort Myers, Florida; Medical Staff, 
Department of Plastic Surgery, Physician’s Regional 
Medical Center, Naples, Florida

Gregory R.D. Evans, MD, FACS
Professor of Surgery, The Center for Biomedical Engineering, 

Chief, Aesthetic & Plastic Surgery Institute, University of 
California, Irvine, Orange, California

Jeffrey A. Fearon, MD, FACS, FAAP
Director, The Craniofacial Center, Dallas, Texas

Alvaro A. Figueroa, DDS, MS
Co-Director, Rush Craniofacial Center, Department of Plastic 

and Reconstructive Surgery, Rush University Medical 
Center, Chicago, Illinois

Jack Fisher, MD
Associate Clinical Professor, Department of Plastic Surgery, 

Vanderbilt University, Nashville, Tennessee



xvi Contributors

R. Jobe Fix, MD
Professor, Department of Surgery, Division of Plastic 

Surgery, The University of Alabama at Birmingham; 
Active Staff, Department of Surgery, Division of Plastic 
Surgery, University of Alabama Hospital; Active Staff, 
Department of Surgery, Division of Plastic Surgery, 
The Children’s Hospital of Alabama; Medical Staff, 
Department of Surgery, VA Medical Center, Birmingham, 
Alabama

James W. Fletcher, MD, FACS
Assistant Professor, Department of Surgery, Department 

of Orthopedic Surgery, University of Minnesota, 
Minneapolis, Minnesota; Chief, Hand Service, 
Department of Plastic and Hand Surgery, Regions 
Hospital, St. Paul, Minnesota

Robert S. Flowers, MD
Active Staff, Past Chairman, Department of Plastic Surgery, 

Queen’s Medical Center; Active Staff, Kapiolani Medical 
Center; Professor and Director, Hawaii Postgraduate 
Fellowship, Program in Plastic and Asian Plastic Surgery, 
Honolulu, Hawaii

Christopher R. Forrest, MD, MSc, FRCSC, FACS
Professor, Division of Plastic Surgery, University of Toronto; 

Chief, Department of Plastic Surgery, Medical Director, 
Centre for Craniofacial Care and Research, Hospital for 
Sick Children, Toronto, Ontario, Canada

M. Brandon Freeman, MBA, MD, PhD
Aesthetic Fellow, Department of Plastic Surgery, University 

of Texas–Southwestern, Dallas, Texas

Jack A. Friedland, MD, FACS
Associate Professor, Department of Plastic Surgery, Mayo 

Medical School, Scottsdale, Arizona; Chief, Department of 
Plastic Surgery, Children’s Rehabilitative Services, State 
of Arizona, St. Joseph’s Hospital and Medical Center, 
Phoenix, Arizona; Attending Plastic Surgeon, Department 
of Plastic Surgery, Scottsdale Healthcare Hospitals, 
Scottsdale, Arizona

Karen E. Frye, MD
Associate Professor of Surgery, Department of Surgery, 

University of South Alabama; Associate Director, University 
of South Alabama Regional Burn Center, University of 
South Alabama Medical Center, Mobile, Alabama

Brian R. Gastman, MD
Assistant Professor, Department of Surgery (Plastic Surgery), 

Physician and Surgeon, Department of Surgery (Plastic 
Surgery) and Otolaryngology, University of Maryland, 
Baltimore, Maryland

Louis A. Gilula, MD, ABR, FACR
Professor of Radiology, Orthopedics, and Plastic and 

Reconstructive Surgery, Barnes-Jewish Hospital, 
Mallinckrodt Institute of Radiology,  
St. Louis, Missouri

Mark H. Gonzales, MD, MEng
Professor and Chairman, Department of Orthopaedic 

Surgery, University of Illinois at Chicago; Chairman, 
Department of Orthopaedic Surgery, Stroyer Hospital 
of Cook County; Adjunct Professor, Department of 
Mechanical Engineering, University of Illinois at Chicago, 
Chicago, Illinois

James T. Goodrich, MD, PhD, DSc (Honoris Causa)
Professor of Clinical Neurosurgery, Pediatrics, Plastic 

and Reconstructive Surgery, Leo Davidoff Department 
of Neurological Surgery, Albert Einstein College of 
Medicine; Director, Division of Pediatric Neurosurgery, 
Department of Neurological Surgery, Montefiore Medical 
Center, Bronx, New York

Vijay S. Gorantla, MD, PhD
Research Assistant Professor of Surgery, Division of Plastic 

and Reconstructive Surgery, Administrative Director, 
Pittsburgh Composite Tissue Allotransplantation Program, 
University of Pittsburgh Medical Center, Pittsburgh, 
Pennsylvania

Mark Gorney, MD, FACS
Chief, Department of Plastic Surgery, St. Francis Memorial 

Hospital, San Francisco, California; Department of 
Surgery, Stanford University, Stanford, California

Mark S. Granick, MD
Professor of Surgery, Tenured, Department of Surgery 

(Plastic), New Jersey Medical School, Newark, New 
Jersey

Arin K. Greene, MD, MMSc
Instructor in Surgery, Department of Plastic Surgery, 

Children’s Hospital Boston, Harvard Medical School, 
Boston, Massachusetts

Joshua A. Greenwald, MD, FACS
Attending Surgeon, Department of Plastic Surgery, White 

Plains Hospital Center, White Plains, New York

Joseph S. Gruss, MBBCh, FRCSC
Professor, Department of Surgery, University of Washington; 

Marlys C. Larson Endowed Chair, Department of Pediatric 
Craniofacial Surgery, Childrens Hospital and Regional 
Medical Center, Seattle, Washington

Punita Gupta, MD
Scott Radiological Group, Inc., St. Louis, Missouri

Geoffrey C. Gurtner, MD, FACS
Associate Professor, Department of Surgery, Stanford 

University, Stanford, California

Mark N. Halikis, MD
Associate Clinical Professor, Department of Orthopaedic 

Surgery, University of California, Irvine, Orange, California

Geoffrey G. Hallock, MD
Consultant, Division of Plastic Surgery, Sacred Heart 

Hospital; Consultant, Division of Plastic Surgery, The 
Lehigh Valley Hospitals, Allentown, Pennsylvania; 
Consultant, Division of Plastic Surgery, St. Luke’s 
Hospital, Bethlehem, Pennsylvania

Eric G. Halvorson, MD
Assistant Professor, Director of Microsurgery, Division of 

Plastic and Reconstructive Surgery, The University of 
North Carolina, Chapel Hill, North Carolina

Dennis C. Hammond, MD
Director, The Center for Breast and Body Contouring, Grand 

Rapids, Michigan

Rebecca J.B. Hammond, MBA, MHSM
Research Assistant, Stephen P. Beals, MD, PC, Phoenix, Arizona



xviiContributors

Albert R. Harris, MD
Fellow, Hand Surgery, Department of Orthopedic Surgery, 

Mayo Clinic, Rochester, Minnesota

Raymond J. Harshbarger III, MD
Craniofacial & Pediatric Plastic Surgery, Dell Children’s 

Medical Center of Central Texas University Medical Center 
at Brackenridge, Austin, Texas

Robert J. Havlik, MD
Professor of Surgery, Department of Surgery, Indiana 

University; Chief of Plastic Surgery, Director of Cleft 
and Craniofacial Surgery, Riley Hospital for Children, 
Indianapolis, Indiana

Tad R. Heinz, MD, FACS
Plastic Surgeon, Plastic Surgery Private Practice, Colorado 

Springs, Colorado

Vincent R. Hentz, MD
Professor, Department of Surgery, Stanford University; 

Robert A. Chase Center for Hand and Upper Limb Surgery, 
Stanford Hospital and Clinics, Stanford, California; Chief 
of Section, Hand Surgery Center, VA Palo Alto Health Care 
System, Palo Alto, California

Rosemary Hickey, MD
Professor and Program Director, Department of 

Anesthesiology, University of Texas Health Science Center 
at San Antonio, San Antonio, Texas

Larry Hollier, Jr., MD
Professor, Department of Plastic Surgery, Baylor College of 

Medicine; Professor, Department of Plastic Surgery, Texas 
Children’s Hospital, Houston, Texas

Roy W. Hong, MD
Attending Surgeon, Department of Plastic Surgery, Palo Alto 

Medical Foundation, Palo Alto, California

Erik A. Hoy, MD
Resident, Department of Plastic Surgery, Brown University, 

Rhode Island Hospital, Providence, Rhode Island

Andrew Hsu, MD
Resident in General Surgery, Department of Surgery, 

Northwestern University Feinberg School of Medicine, 
Chicago, Illinois

Jennifer Hunter-Yates, MD
Boston Dermatology and Laser Center, Boston, 

Massachusetts

Ian T. Jackson, MD, DSc(Hon), FRCS, FACS, 
FRACS(Hon)
Director, Craniofacial Institute, Providence Hospital, 

Southfield, Michigan; Program Co-Chair, Plastic Surgery 
Residency Training Program, Wayne State University/
Detroit Medical Center, Detroit, Michigan

Lisa M. Jacob, MD
Resident, Division of Plastic Surgery, Department of Surgery, 

New Jersey Medical School–UMDNJ, Newark, New 
Jersey

Sonu A. Jain, MD
Assistant Professor, Division of Plastic and Reconstructive 

Surgery, University of Florida College of Medicine, 
Gainesville, Florida

Raymond V. Janevicius, MD, FACS
Attending Physician, Department of Surgery, Elmhurst 

Memorial Hospital, Elmhurst, Illinois

Shao Jiang, MD
Assistant Professor, Department of Surgery, Division of 

Plastic Surgery, University of Pittsburgh Medical Center; 
Attending Surgeon, Department of Pediatric Plastic and 
Craniofacial Surgery, Children’s Hospital of Pittsburgh, 
Pittsburgh, Pennsylvania

Jesse B. Jupiter, MD
Hasjorg Wyss/AO Professor, Harvard University School 

of Medicine; Chief, Hand and Upper Limb Service, 
Orthopaedic Department, Massachusetts General 
Hospital, Boston, Massachusetts

Lana Kang, MD
Attending Orthpaedic Surgeon, Department of Orthopaedic 

Surgery, Division of Hand and Upper Extremity, Hospital 
for Special Surgery; Assistant Professor and Clinical 
Instructor, Department of Orthopaedic Surgery, Weill 
Medical College of Cornell University, New York, New 
York; Attending Orthopaedic Surgeon, Department of 
Orthopaedic Surgery, New York Hospital of Queens, 
Flushing, New York

Girish B. Kapur, MD, MPH
Assistant Professor, Department of Emergency Medicine and 

Global Public Health, The George Washington University, 
Washington, DC

Joseph Karamikian, DO
Member of the International Society of Hair Restoration 

Surgery; Medical Director, The New York Hair Loss Center, 
New York, New York

Henry K. Kawamoto, Jr., MD, DDS
Clinical Professor, Department of Surgery, Division of 

Plastic Surgery, University of California, Los Angeles, Los 
Angeles, California

Carolyn L. Kerrigan, MD, MSc, FRCSC
Professor, Department of Surgery, Dartmouth Medical 

School, Hanover, New Hampshire; Section Chief, 
Residency Program Director, Department of Surgery, 
Section of Plastic Surgery, Dartmouth Hitchcock Medical 
Center, Lebanon, New Hampshire

Christopher Khorsandi, MD
Private Practice, Henderson, Nevada, Beverly Hills, California

Dana K. Khuthaila, MD, FRCS(C)
Consultant Plastic Surgeon, Department of Surgery, King 

Faisal Specialist Hospital and Research Center, Riyadh, 
Saudi Arabia

David C. Kim, MD, FACS
Attending Physician, Department of Orthopaedic Surgery, 

Fallon Clinic, Worcester, Massachusetts

Jon Kline, MS, ATS, PA-C
Physician Assistant, Department of Orthopedics, West 

Virginia University; Physician Assistant, Department of 
Orthopedics, Section of Hand and Upper Extremity, West 
Virginia University Ruby Memorial Hospital, Morgantown, 
West Virginia



xviii Contributors

Cynthia L. Koudela, DDS, MSD
Affiliate Associate Professor, Department of Orthodontics, 

University of Washington; Orthodontist, Department of Dental 
Medicine, Seattle Childrens Hospital, Seattle, Washington

Thomas J. Krizek, MD
Adjunct Professor of Religious Studies, Department of 

Religious Studies, University of South Florida, Tampa, 
Florida; Adjunct Professor of Sport Business (Ethics), 
Department of Sport Business, School of Business, Saint 
Leo University, Saint Leo, Florida

Matthew D. Kwan, MD
Postdoctoral Research Fellow, Department of Surgery, 

Hagey Laboratory for Pediatric Regenerative Medicine, 
Stanford University School of Medicine; General Surgery 
Resident, Department of Surgery, Stanford University 
Medical Center, Stanford, California

Albert Lam, DMD
Private Practice, San Francisco, California

Howard N. Langstein, MD, FACS
Professor of Surgery, Division of Plastic Surgery, University 

of Rochester; Chief, Department of Surgery, Division of 
Plastic Surgery, Strong Memorial Hospital, Rochester, 
New York

Don LaRossa, MD
Professor of Surgery Emeritus, Department of Surgery, 

University of Pennsylvania School of Medicine; Senior 
Surgeon, Department of Surgery, Children’s Hospital of 
Philadelphia, Philadelphia, Pennsylvania

Donald R. Laub, Jr., MS, MD, FACS
Associate Professor, Department of Surgery, University of 

Vermont College of Medicine; Interim Chief of Plastic 
Surgery, Department of Surgery, Fletcher Allen Health 
Care, Burlington, Vermont

Jonathan L. Le, MD
Director, Chrysalis Aesthetic and Reconstructive Surgery, 

Los Gatos, California

Raphael C. Lee, MD, ScD, DSc(Hon), FACS
Professor of Plastic Surgery, Dermatology, Molecular Medicine, 

Organismal Biology, and Anatomy (Biomechanics), Director, 
Center of Research in Cellular Repair, Director, Electrical 
Trauma Program, Attending Physician, Department of 
Surgery, University of Chicago Hospitals; Associate Staff, 
Department of Surgery, La Rabida Children’s Hospital, 
Chicago, Illinois; Associate Staff, Department of Surgery, St. 
Mary Medical Center, Hobart, Indiana

W.P. Andrew Lee, MD
Professor of Surgery and Orthopaedic Surgery, Chief, 

Division of Plastic Surgery, University of Pittsburgh School 
of Medicine, Pittsburgh, Pennsylvania

Dennis E. Lenhart, MD
Resident, Division of Plastic Surgery, University of Illinois College 

of Medicine, University of Illinois Hospital, Chicago, Illinois

L. Scott Levin, MD, FACS
Paul B. Magnuson Professor of Bone and Joint Surgery, 

University of Pennsylvania School of Medicine, Chairman, 
Department of Orthopaedic Surgery, Professor of Plastic 
Surgery, Hospital of the University of Pennsylvania, 
Philadelphia, Pennsylvania

David M. Lichtman, MD
Professor and Chairman, Department of Orthopaedic 

Surgery, University of North Texas Health Science Center; 
Chairman, Department of Orthopaedic Surgery, John 
Peter Smith Hospital; Staff, Department of Orthopaedics, 
Harris Methodist Fort Worth, Fort Worth, Texas

James Lilley, MD
Resident, Department of Orthopedic Surgery, University of 

California, Irvine, School of Medicine, UCI Medical Center, 
Orange, California

Kant Y. Lin, MD
Professor, Department of Plastic Surgery, University of 

Virginia School of Medicine; Chief, Division of Craniofacial 
Surgery, Department of Plastic Surgery, University of 
Virginia Hospital, Charlottesville, Virginia

John William Little, MD, FACS
Clinical Professor of Surgery (Plastic), Department of 

Surgery, Georgetown University School of Medicine, 
Georgetown University Hospital, Washington, DC

Michael T. Longaker, MD, MBA, FACS
Deane P. and Louise Mitchell Professor, Division of Plastic 

and Reconstructive Surgery, Department of Surgery, 
Stanford University Medical Center, Stanford, California

Matthew S. Loos, MD
General Surgery Resident, Department of General Surgery, 

West Virginia University, Morgantown, West Virginia

Joseph E. Losee, MD, FACS, FAAP
Associate Professor of Surgery, Department of Surgery, 

Division of Plastic Surgery, University of Pittsburgh School 
of Medicine; Chief, Division of Pediatric Plastic Surgery, 
Director, Cleft-Craniofacial Center, Division of Pediatric 
Plastic Surgery, Children’s Hospital of Pittsburgh, 
Pittsburgh, Pennsylvania

Arnold Luterman, MD, FRCS(C), FACS
Ripps-Meisler Professor of Surgery, Assistant Dean of Graduate 

Medical Education, Department of Surgery, University of 
South Alabama; Director, Regional Burn and Wound Center, 
University of South Alabama Medical Center, Mobile, Alabama

Sheilah A. Lynch, MD
Clinical Instructor, Department of Plastic Surgery, 

Georgetown University, Washington, DC

Susan E. Mackinnon, MD
Shoenberg Professor and Chief, Division of Plastic and 

Reconstructive Surgery, Washington University School of 
Medicine; Barnes-Jewish Hospital, St. Louis, Missouri

Terry R. Maffi, MD, FACS
Adjunct Faculty, Department of Plastic and Reconstructive 

Surgery, Mayo Clinic, Scottsdale, Arizona; Adjunct Faculty, 
Department of Plastic and Reconstructive Surgery, Mayo 
Clinic, Rochester, New York

Eric J. Mahoney, MD
Assistant Professor of Surgery, Department of Surgery, 

Boston University School of Medicine; Surgeon, Division 
of Trauma and Surgical Critical Care, Brown Medical 
Center, Boston, Massachusetts

Ahmed Seif Makki, MD, FRCS
Senior Consultant Plastic Surgeon, Department of Plastic 

Surgery, Plastic Surgicentre, Doha, Qatar



xixContributors

Jeffrey V. Manchio, MD
Resident, Department of General Surgery, Saint Joseph 

Mercy Hospital, Ann Arbor, Michigan; Research Fellow, 
Department of Plastic Surgery, Lahey Clinic Medical 
Center, Burlington, Massachusetts

Ernest K. Manders, MD
Professor of Surgery, Department of Surgery, Division of 

Plastic Surgery, The University of Pittsburgh, The University 
of Pittsburgh Medical Center, Pittsburgh, Pennsylvania

Mahesh H. Mankani, MD, FACS
Associate Professor, Department of Surgery, University of 

California, San Francisco, San Francisco, California

Paul N. Manson, MD
Professor and Chief, Department of Plastic Surgery, Johns 

Hopkins University; Chief of Plastic Surgery, Johns 
Hopkins Hospital; Professor of Surgery, University of 
Maryland Shock Trauma Center, Baltimore, Maryland

Daniel Marchac, MD
Professeur Associc’, Collège Médecine des Hôpitaux de 

Paris, Paris, France

Malcolm W. Marks, MD
Chairman and Professor, Department of Plastic and 

Reconstructive Surgery, Wake Forest University/Baptist 
Medical Center; Department of Plastic and Reconstructive 
Surgery, North Carolina Baptist Hospital, Winston-Salem, 
North Carolina

William J. Martin, MD
Chairman, Aspen Institute of Plastic and Reconstructive Surgery; 

Chairman, Department of Plastic and Reconstructive Surgery, 
Aspen Valley Hospital, Aspen, Colorado

Paul A. Martineau, MD, FRCSC
Assistant Professor, Department of Orthopaedic Surgery, 

McGill University; Staff Surgeon, Department of 
Orthopaedic Surgery, Section of Upper Extremity Surgery, 
McGill University Health Center, Montreal, Quebec, Canada

Stephen J. Mathes, MD
Professor of Surgery, Chief, Division of Plastic Surgery, 

University of California, San Francisco, School of 
Medicine, San Francisco, California

G. Patrick Maxwell, MD
Director, The Institute for Aesthetic and Reconstructive 

Surgery, Nashville, Tennessee

Joseph G. McCarthy, MD
Lawrence D. Bell Professor of Plastic Surgery, New York 

University School of Medicine; Director, Institute of 
Reconstructive Plastic Surgery, New York University 
Medical Center, New York, New York

William T. McClellan, MD
Private Practice, Morgantown Plastic Surgery Associates, 

Morgantown, West Virginia

Michael P. McConnell, MD
Fellow, Aesthetic and Plastic Surgery Institute, University of 

California, Irvine, Orange, California

Robert M. McFarlane, MD, FRCSC
Professor Emeritus, Hand and Upper Limb Centre and 

Division of Plastic Surgery, University of Western Ontario 
Faculty of Medicine; Consultant, St. Joseph’s Health 
Centre, London, Ontario, Canada

Mary H. McGrath, MD, MPH, FACS
Professor of Surgery, Staff Surgeon, Department of Surgery, 

Division of Plastic Surgery, University of California, San 
Francisco; Staff Surgeon, Department of Plastic Surgery, 
San Francisco General Hospital; Attending Surgeon, 
Department of Plastic Surgery, San Francisco Veterans 
Administration Medical Center, San Francisco, California

Leslie T. McQuiston, MD
Assistant Professor of Surgery, Department of Pediatric 

Urology, Dartmouth Medical School, Hanover, New 
Hampshire; Staff Pediatric Urologist, Surgery/Pediatric 
Surgery Section, Dartmouth Hitchcock Medical Center, 
Lebanon, New Hampshire

Vineet Mehan, MD
Resident, Department of Plastic Surgery, Brown University, 

Providence, Rhode Island

Anjali R. Mehta, MD, MPH
Chief Resident, Department of Otorhinolaryngology–Head and 

Neck Surgery, University of Maryland, Baltimore, Maryland

Julie A. Melchior, MD
Assistant Clinical Professor, Department of Orthopaedic 

Surgery, University of California, Los Angeles Medical 
Center, Los Angeles, California; Partner Physician, 
Department of Orthopaedic Surgery, Colorado 
Permanente Medical Group, Lafayette, Colorado

Robert M. Menard, MD, FACS
Surgical Director, Pediatric Plastic and Craniofacial Surgery, 

Northern California Kaiser Permanente Craniofacial Clinic, 
The Permenente Medical Group, Santa Clara, California; 
Clinical Associate Professor of Plastic Surgery, Division of 
Plastic Surgery, Stanford University School of Medicine, 
Stanford, California

Frederick Menick, MD
Associate Clinical Professor, Division of Plastic Surgery, 

University of Arizona; Chief Plastic Surgeon, Surgery 
Department, St. Joseph’s Hospital, Tucson, Arizona

Martin C. Mihm, Jr., MD
Clinical Professor, Department of Pathology and Dermatology, 

Harvard Medical School; Pathologist/Associate Dermatologist, 
Department of Pathology and Dermatology Services, 
Massachusetts General Hospital, Boston, Massachusetts

D. Ralph Millard, Jr., MD, FACS, Hon. FRCS(Edin),  
Hon. FRCS, OD Ja.
Light-Millard Professor and Chairman Emeritus, Division of 

Plastic Surgery, University of Miami School of Medicine, 
Jackson Memorial Hospital, Miami Children’s Hospital, 
Miami, Florida

Fernando Molina, MD
Professor of Plastic and Reconstructive Surgery, 

Universidad Nacional Autonoma De Mexico; Professor 
of Plastic and Reconstructive Surgery, Head, Division of 
Plastic, Aesthetic and Reconstructive Surgery, Hospital 
General Dr. Manuel Gea Gonzalez, S.S., Mexico

Fernando Ortiz Monasterio, MD
Professor Emeritus, Faculty of Medicine, Postgraduate 

Division, Universidad Nacional Autonoma de Mexico; 
Professor of Plastic Surgery, Chairman, Craniofacial Clinic, 
Division of Plastic and Reconstructive Surgery, Hospital 
General Manuel Gea Gonzalez, Mexico City, Mexico



xx Contributors

Louis Morales, Jr., MD
Director, Foundation of Utah; Director, Pediatric Plastic and 

Craniofacial Fellowship, Primary Children’s Hospital, Salt 
Lake City, Utah

Robert J. Morin, MD
Craniofacial Fellow, Department of Plastic Surgery, Miami 

Children’s Hospital, Miami, Florida

Chaitanya S. Mudgal, MD, MS(Orth), MCh(Orth)
Instructor, Department of Orthopaedic Surgery, Harvard 

Medical School; Staff, Department of Orthopaedic 
Surgery, Orthopaedic Hand Service, Massachusetts 
General Hospital, Boston, Massachusetts

John B. Mulliken, MD
Professor of Surgery, Harvard Medical School; Director, 

Craniofacial Center, Department of Plastic Surgery, 
Children’s Hospital, Boston, Massachusetts

Thomas A. Mustoe, MD, FACS
Professor and Chief, Department of Surgery, Division 

of Plastic and Reconstructive Surgery, Northwestern 
University Medical School, Chicago, Illinois; Northwestern 
Memorial Hospital, Evanston, Illinois

Jeffrey N. Myers, MD, PhD, FACS
Professor and Director of Research, Deputy Chair for 

Academic Programs, Department of Head and Neck 
Surgery, The University of Texas M.D. Anderson Cancer 
Center, Houston, Texas

Maurice Y. Nahabedian, MD, FACS
Associate Professor, Department of Plastic Surgery, 

Georgetown University, Washington, DC

Michael W. Neumeister, MD, FACS, FRCS
Professor and Chairman, Director of Hand Fellowship, 

Division of Plastic Surgery, Southern Illinois University 
School of Medicine, Springfield, Illinois

Mary Lynn Newport, MD
Department of Orthopaedics, University of Connecticut 

Health Center–John Dempsey Hospital, Farmington, 
Connecticut

Zahid Niazi, MD, FRCSI, FICS, FNYAM
Chairman, Department of Surgery, Attending Plastic 

Surgeon, Department of Surgery, Methodist Hospital, 
Sacramento, California

Sacha Obaid, MD
Founder, North Texas Plastic Surgery, PLLC, Southlake, 

Texas

Suzanne Olbricht, MD
Associate Professor of Dermatology, Harvard Medical 

School; Chair, Department of Dermatology, Lahey Clinic, 
Burlington, Massachusetts

Osak Omulepu, MD
Private Practice, Fort Lauderdale, Florida

Sonal Pandya, MD
Senior Staff, Department of Plastic and Reconstructive 

Surgery, Lahey Clinic, Burlington, Massachusetts

Marcello Pantaloni, MD
Attending Surgeon, Department of Plastic Surgery, University 

of Milan, Milan, Italy

Frank A. Papay, MD, FACS, FAAP
Associate Professor of Surgery, Department of Surgery, 

Cleveland Clinic Lerner College of Medicine of Case 
Western Reserve University; Vice Chairman and Section 
Head of Craniomaxillofacial Surgery, Department of 
Plastic Surgery, Cleveland Clinic, Cleveland, Ohio

Robert J. Paresi, Jr., MD, MPH
Attending Plastic Surgeon, Department of Plastic Surgery, 

Florida Hospital, Orlando, Florida

Amar Patel, MD
Fellow, Department of Orthopedic Surgery, The Warren 

Alpert School of Medicine at Brown University; Fellow, 
Department of Orthopedic Surgery, Rhode Island Hospital, 
Providence, Rhode Island

Jagruti C. Patel, MD, FACS
Chief of Plastic Surgery, Northeast Hospital Corporation, 

Beverly, Massachusetts

Wilfred C.G. Peh, MBBS, MD, FRCP, FRCR
Clinical Professor, Yong Loo Lin School of Medicine, National 

University of Singapore; Senior Consultant, Department of 
Diagnostic Radiology, Alexandra Hospital, Singapore, China

Jane A. Petro, MD, FACS
Professor of Surgery, Department of Surgery, New York 

Medical College, Valhalla, New York; Chief Plastic Surgery, 
Department of Surgery, Northern Westchester Hospital, 
Mt. Kisco, New York; Chief Medical Officer, Department of 
Plastic Surgery, American Academy of Cosmetic Surgery 
Hospital, Dubai, United Arab Emirates

John W. Polley, MD
Professor, Chairman, Department of Plastic and 

Reconstructive Surgery, Rush University Medical Center; 
Co-Director, Rush Craniofacial Center–Plastic and 
Reconstructive Surgery, Rush University Medical Center, 
Chicago, Illinois

Samuel O. Poore, MD, PhD
Resident, Division of Plastic and Reconstructive Surgery, 

University of Wisconsin, University of Wisconsin Hospital, 
Madison, Wisconsin

Julian J. Pribaz, MD
Professor of Surgery, Harvard Medical School; Plastic Surgeon, 

Brigham and Women’s Hospital, Boston, Massachusetts

Somayaji Ramamurthy, MD
Professor, Department of Anesthesiology, University of Texas 

Health Science Center at San Antonio, San Antonio, Texas

Sai S. Ramasastry, MD, FRCS, FACS
Associate Professor of Plastic Surgery, Department of 

Surgery, University of Illinois at Chicago; Attending Plastic 
Surgeon, Department of Surgery, University of Illinois at 
Chicago Medical Center, Chicago, Illinois

David L. Ramirez, MD
Plastic and Reconstructive Surgeon, Department of 

Craniofacial Surgery, Universidad Nacional Autonoma 
de Mèxico; Plastic and Reconstructive Surgeon, 
Department of Plastic Surgery, Hospital General “Dr. 
Manuel Gea Gonzalez”, Mexico City, Mexico; Plastic 
and Reconstructive Surgeon, Department of Plastic and 
Reconstructive Surgery, Hospital StarMèdica, Morelia, 
Michoacàn, Mèxico



xxiContributors

Oscar M. Ramirez, MD, FACS
Clinical Assistant Professor, Plastic Surgery Division, The 

Johns Hopkins University, Baltimore, Maryland; Director, 
Esthetique Internationale, Timonium, Maryland

Peter Randall, MD, FACS
Emeritus Professor of Plastic Surgery, Department 

of Surgery, University of Pennsylvania School of 
Medicine; Retired Chief of Plastic Surgery, Department 
of Surgery, Hospital of the University of Pennsylvania; 
Retired Chief of Plastic Surgery, Department 
of Surgery, Children’s Hospital of Philadelphia, 
Philadelphia, Pennsylvania

Peter D. Ray, MD
Assistant Professor of Surgery, Division of Plastic and 

Reconstructive Surgery, University of Alabama, 
Birmingham, Alabama

W. Bradford Rockwell, MD
Associate Professor and Chief, Division of Plastic Surgery, 

University of Utah School of Medicine, Salt Lake City, 
Utah

Craig M. Rodner, MD
Assistant Professor, Department of Orthopaedics, University 

of Connecticut Health Center, Farmington, Connecticut

Alan Rosen, MD
Attending Orthopaedic Surgeon, Houston Northwest Medical 

Center, Houston, Texas

Harvey Rosen, MD, DMD
Clinical Associate Professor of Surgery, Department of 

Surgery, University of Pennsylvania, Philadelphia, 
Pennsylvania

Douglas C. Ross, MD, MEd, FRCSC
Associate Professor and Chair, Division of Plastic Surgery, 

Hand and Upper Limb Centre, Department of Surgery, 
University of Western Ontario, London, Ontario, Canada

Shai Rozen, MD
Assistant Professor, Department of Plastic Surgery, 

University of Texas Southwestern Medical Center, Dallas, 
Texas

Leonard K. Ruby, MD
Professor of Orthopaedic Surgery, Department of 

Orthopaedic Surgery, Division of Hand Surgery, Tufts 
University School of Medicine; Chief Emeritus, Division of 
Hand Surgery, Department of Orthopaedic Surgery, Tufts-
New England Medical Center, Boston, Massachusetts

Jaiyoung Ryu, MD
Professor and Chief, Hand & Upper Extremity Service, 

Department of Orthopaedics, West Virginia University; 
Attending Hand and Orthopaedic Surgeon, West Virginia 
University Hospitals, Morgantown, West Virginia

Justin M. Sacks, MD
Assistant Professor, Department of Plastic Surgery, MD 

Anderson Cancer Center, University of Texas, Houston, 
Texas

Jhonny Salomon, MD, FACS
Plastic Surgeon, Department of Surgery, Baptist Hospital; 

Plastic Surgeon, Department of Surgery, South Miami 
Hospital, Miami, Florida

Kenneth E. Salyer, MD, FACS, FAAP
Adjunct Professor, Department of Orthodontics and 

Biomedical Sciences, Baylor Dental School, Texas A&M 
Systems; Chairman of the Board, World Craniofacial 
Foundation, Dallas, Texas; Consultant, Craniofacial 
Surgery, Department of Plastic and Reconstructive 
Surgery, Chang Gung Memorial Hospital, Taipei, Taiwan;

Clinical Professor, Department of Plastic and Reconstructive 
Surgery, Craniofacial Surgery, Hospital Manuel  
Gea-Gonzalez, Mexico City, Mexico

Sven N. Sandeen, MD
Attending Surgeon, Department of Plastic and Reconstructive 

Surgery, Northwest Medical Center, Tucson, Arizona

Shawkat Sati, MD
Chief Resident, Department of Plastic and Reconstructive 

Surgery, Lahey Clinic, Burlington, Massachusetts

Stefan Schneeberger, MD
Director, CTA Program Pittsburgh, Assistant Professor 

of Surgery, Division of Plastic Surgery, Department 
of Surgery, University of Pittsburgh Medical Center, 
Pittsburgh, Pennsylvania; Associate Professor of Surgery, 
Department of General and Transplant Surgery, Innsbruck 
Medical University, Innsbruck, Austria

David P. Schnur, MD
Clinical Assistant Professor, Department of Surgery, 

University of Colorado Health Science Center, Denver, 
Colorado

Paul L. Schnur, MD
Associate Professor of Plastic Surgery (Retired), Department 

of Plastic Surgery, Mayo Medical School, Scottsdale, 
Arizona; Chair (Retired), Division of Plastic Surgery, Mayo 
Clinic Hospital; Clinical Associate Professor of Surgery, 
Department of Plastic Surgery, University of Arizona 
College of Medicine, Phoenix, Arizona

Richard C. Schultz, MD, FACS
Emeritus Professor of Surgery, Department of Surgery, 

Division of Plastic Surgery, University of Illinois at 
Chicago, Chicago, Illinois; Senior Surgeon, Department of 
Surgery, Lutheran General Hospital, Park Ridge, Illinois

David M. Schwartzenfeld, DO
Botsford General Hospital, Department of Family Medicine, 

Farmington Hills, Michigan; International Society of Hair 
Restoration Surgery, Geneva, Illinois

Karl A. Schwarz, MD, MSc, FRCSC
Assistant Professor, Division of Plastic Surgery, McGill 

University Health Center, Montreal, Quebec, Canada

Brooke R. Seckel, MD, FACS
Assistant Professor of Surgery, Department of Plastic 

Surgery, Harvard Medical School, Boston, Massachusetts; 
Staff Surgeon, Department of Plastic Surgery, Emerson 
Hospital, Concord, Massachusetts; Staff Surgeon, 
Department of Plastic Surgery, Lahey Clinic, Burlington, 
Massachusetts

John T. Seki, MD, FRCSC, FACS
Chief, Department of Surgery, Division of Plastic Surgery, 

Orillia Soldiers’ Memorial Hospital, Orillia, Ontario, 
Canada



xxii Contributors

Alex Senchenkov, MD
Fellow in Microvascular Reconstructive Surgery, Department 

of Surgery, Division of Plastic Surgery, The University of 
Pittsburgh, The University of Pittsburgh Medical Center, 
Pittsburgh, Pennsylvania

Mark Shashikant, MD
Attending Surgeon, Division of Plastic Surgery, Walter Reed 

Army Medical Center, Washington, D.C.

Dan H. Shell IV, MD
Plastic Surgery Resident, Department of Surgery, 

University of Alabama at Birmingham, Birmingham, 
Alabama

Saleh M. Shenaq, MD, FACS
Professor and Chief, Division of Plastic Surgery, Department 

of Surgery, Baylor College of Medicine; Methodist 
Hospital; Texas Children’s Hospital; St. Luke’s Episcopal 
Hospital; Texas Institute for Rehabilitation and Research, 
Houston, Texas

Michele A. Shermak, MD
Associate Professor of Plastic Surgery, Department of 

Surgery, Johns Hopkins School of Medicine; Chief of 
Plastic Surgery, Department of Surgery, Division of 
Plastic Surgery, Johns Hopkins Bayview Medical Center, 
Baltimore, Maryland

Prasanna-Kumar Shivapuja, BDS, MDS(ortho),  
DDS, MS(ortho)
Diplomate, American Board of Orthodontics; Private 

Practice, Roseville, Michigan

Maria Siemionow, MD, PhD, DSc
Professor of Surgery, Department of Surgery, Cleveland 

Clinic Lerner College of Medicine of Case Western 
Reserve University; Director of Plastic Surgery Research, 
Head of Microsurgery Training, Department of Plastic 
Surgery, Cleveland Clinic, Cleveland, Ohio

Davinder J. Singh, MD
Attending Surgeon, Barrow Craniofacial Center, Barrow 

Neurological Institute; Attending Surgeon, Department 
of Surgery, Phoenix Children’s Hospital, Phoenix, 
Arizona

Sumner A. Slavin, MD
Associate Clinical Professor of Surgery, Harvard Medical 

School; Chief, Division of Plastic Surgery, Beth Israel 
Deaconess Medical Center, Boston, Massachusetts

Eugene M. Smith, Jr., MD, FACS
Private Practice, Atlanta, Georgia

Erhan Sonmez, MD
Research Fellow, Microsurgery Laboratory, Department of 

Plastic Surgery, Cleveland Clinic, Cleveland, Ohio

Nicholas J. Speziale, MD, FACS
Private Practice, Palos Heights, Illinois

Melvin Spira, MD, DDS
Professor of Surgery, Division of Plastic Surgery, Baylor 

College of Medicine; Emeritus Surgical Staff, Department 
of Plastic Surgery, The Methodist Hospital; Emeritus 
Surgical Staff, Department of Plastic Surgery, Texas 
Childrens Hospital, Houston, Texas

John L. Spolyar, DDS, MS
Department of Orthodontics, University of Detroit Mercy 

School of Dentistry, Detroit, Michigan; Department of 
Surgery, Providence Hospital of Southfield, Southfield, 
Michigan; Private Practice, Your Smile Orthodontics, PC, 
Clinton Township, Michigan

David A. Staffenberg, MD, DSc(Hon)
Associate Professor, Clinical Plastic Surgery, Neurological 

Surgery, and Pediatrics, Department of Surgery, Albert 
Einstein College of Medicine of Yeshiva University; 
Chief of Plastic Surgery, Department of Surgery, 
Montefiore Medical Center; Surgical Director, Center for 
Craniofacial Disorders, Children’s Hospital at Montefiore, 
Bronx, New York

Samuel Stal, MD
Chief of Service, Department of Plastic Surgery, Texas 

Children’s Hospital; Chief of Division, Plastic Surgery, 
Department of Surgery, Baylor College of Medicine, 
Houston, Texas

Eric J. Stelnicki, MD
Associate Professor, Department of Plastic Surgery, 

Cleveland Clinic Florida, Weston, Florida; Medical 
Director, Department of Cleft and Craniofacial 
Surgery, Joe DiMaggio Children’s Hospital, 
Hollywood, Florida; Associate Professor, Department 
of Dentistry, Nova Southeastern University, Fort 
Lauderdale, Florida

Mitchell A. Stotland, MD, MS, FRCSC
Associate Professor, Department of Surgery; Department 

of Pediatrics, Dartmouth Medical School, Hanover, New 
Hampshire; Associate Professor, Director, Craniofacial 
Anomalies Clinic, Department of Surgery; Department 
of Pediatrics, Dartmouth Hitchcock Medical Center, 
Lebanon, New Hampshire

James W. Strickland, MD
Clinical Professor of Orthopaedic Surgery, Department 

of Orthopaedic Surgery, Indiana University School of 
Medicine; Department of Orthopaedic Surgery, St. Vincent 
Hospital; Department of Orthopaedic Surgery, Clarian 
Hospital, Indianapolis, Indiana; Instructor, Department of 
Orthopaedic Surgery, Washington  University School of 
Medicine, St. Louis, Missouri

Brent V. Stromberg, MD, FACS
Attending Plastic Surgeon, Department of Surgery, St. John’s 

Medical Center; Attending Plastic Surgeon, St. Anthony’s 
Medical Center, St. Louis, Missouri

Patrick K. Sullivan, MD
Associate Professor, Department of Plastic Surgery, 

Brown University School of Medicine; Associate 
Professor and Plastic Surgeon, Department of 
Plastic Surgery, Brown University, Women & Infants; 
Associated Professor and Plastic Surgeon, Department 
of Plastic Surgery, Rhode Island Hospital, Providence, 
Rhode Island

Matthew R. Swelstad, MD
Chief Resident, Division of Plastic and Reconstructive 

Surgery, University of Wisconsin Hospital and Clinics, 
Madison, Wisconsin



xxiiiContributors

Julio Taleisnik, MD
Clinical Professor, Department of Orthopaedics, University 

of California, Irvine, Irvine, California; Department of 
Orthopaedics, St. Joseph Hospital, Orange, California

Peter J. Taub, MD, FACS, FAAP
Associate Professor, Surgery and Pediatrics, Department 

of Surgery/Plastic Surgery, Mount Sinai Medical Center; 
Co-Director, Mount Sinai Cleft and Craniofacial Center, 
Department of Surgery/Plastic Surgery, Kravis Children’s 
Hospital at Mount Sinai, New York, New York; Attending 
Surgeon, Department of Surgery/Plastic Surgery, 
Elmhurst Hospital Center, Elmhurst, New York; Attending 
Surgeon, Department of Surgery/Plastic Surgery, 
Westchester Medical Center, Valhalla, New York

Oren M. Tepper, MD
House Staff, Institute of Reconstructive Plastic Surgery, 

New York University Medical Center, New York, 
New York

Julia K. Terzis, MD, PhD, FACS, FRCS(C)
Professor, Department of Surgery, Division of Plastic and 

Reconstructive Surgery, Eastern Virginia Medical School, 
Norfolk, Virginia

Dean M. Toriumi, MD
Professor, Department of Otolaryngology–Head and Neck 

Surgery, University of Illinois at Chicago, University of 
Illinois Medical Center, Chicago, Illinois

Bryant A. Toth, MD
Assistant Clinical Professor of Plastic Surgery, 

Department of Plastic and Reconstructive Surgery, 
University of California, San Francisco, San Francisco, 
California

Thomas Trumble, MD
Professor and Chief, Hand and Microvascular Surgery, 

Department of Orthopaedics and Sports Medicine, 
University of Washington Medical Center; Professor, 
Department of Orthopaedics and Sports Medicine, 
Harborview Medical Center; Professor, Department of 
Orthopaedics and Sports Medicine, Children’s Hospital 
and Medical Center, Seattle, Washington

Raymond Tse, MD, FRCSC
Clinical Instructor, Division of Plastic Surgery, Department 

of Surgery, University of British Columbia;Attending 
Surgeon, Division of Plastic Surgery, Department of 
Surgery, Vancouver Island Health Authority, Victoria, 
British Columbia, Canada

Raoul Tubiana, MD
Associate Professor, Department of Orthopaedics, University 

of Paris; Hopital Cochin; Founder and Past President, 
Institut de la Main, Paris, France

Joseph Upton III, MD
Associate Clinical Professor of Surgery, Harvard Medical 

School; Associate Clinical Professor of Surgery, 
Attending Surgeon, Department of Plastic Surgery, Beth 
Israel Deaconess Medical Center; Senior Associate 
Attending Surgeon, Department of Plastic Surgery, 
Children’s Hospital; Senior Surgeon, Department 
of Plastic Surgery, Shriners Burn Hospital, Boston, 
Massachusetts

Luis O. Vásconez, MD
Vice Chair, Department of Surgery, Professor and  

Chief, Division of Plastic Surgery, University of  
Alabama-Birmingham; Plastic Surgeon in Chief, 
University of Alabama Hospital and Clinics,  
Birmingham, Alabama

Nicholas B. Vedder, MD, FACS
Professor of Surgery and Orthopaedics, Chief, Division of 

Plastic Surgery, Vice Chairman, Department of Surgery, 
University of Washington, Seattle, Washington

Adam J. Vernadakis, MD
Senior Staff, Department of Plastic Surgery, Lahey 

Clinic, Burlington, Massachusetts; Major, Westover 
ARB, United States Air Force Reserve, Chicopee, 
Massachusetts

Armand D. Versaci, MD
Emeritus Clinical Professor, Department of Plastic Surgery, 

Brown Medical School; Emeritus Chief, Department of 
Plastic Surgery, Rhode Island Hospital, Providence, Rhode 
Island

William F. Wagner, MD
Clinical Instructor, Department of Orthopedic Surgery 

and Sports Medicine, University of Washington; 
Hand Surgeon, Seattle Hand Surgery Group, Seattle, 
Washington

Jennifer L. Walden, MD, FACS
Associate Attending, Program Director, Department of 

Plastic Surgery, Manhattan Eye, Ear, and Throat Hospital, 
New York, New York

Derrick C. Wan, MD
Resident, Division of Plastic and Reconstructive Surgery, 

University of California Los Angeles, Los Angeles, 
California

Stephen M. Warren, MD
Associate Professor of Surgery (Plastic), Institute of 

Reconstructive Plastic Surgery, New York University 
Medical Center, New York, New York

H. Kirk Watson, MD
Clinical Professor, Department of Orthopaedic Surgery, 

University of Connecticut School of Medicine, 
Farmington, Connecticut; Senior Staff, Department of 
Orthopaedic Surgery, Hartford Hospital; Consultant 
Staff, Department of Orthopaedic Surgery, Connecticut 
Children’s Medical Center; Director, Connecticut 
Combined Hand Surgery Fellowship, Hartford, 
Connecticut

Renata V. Weber, MD
Assistant Professor, Department of Plastic and 

Reconstructive Surgery, Albert Einstein College of 
Medicine of Yeshiva University; Attending Physician, 
Department of Plastic and Reconstructive Surgery, 
Montefiore Medical Center, Bronx, New York

Andrew J. Weiland, MD
Professor of Orthopaedic Surgery, Professor of Plastic 

Surgery, Weill Cornell Medical College; Attending 
Orthopaedic Surgeon, Hospital for Special Surgery, 
New York, New York



xxiv Contributors

Adam B. Weinfeld, MD
Attending Plastic Surgeon, Department of Plastic Surgery, 

University Medical Center at Brackenridge;  
Attending Plastic Surgeon, Department of Plastic 
Surgery, Dell Children’s Medical Center of Central 
Texas, Austin, Texas

Jeffrey Weinzweig, MD, FACS
Chief of Craniofacial Surgery, Director, Craniofacial 

Anomalies Program, Division of Plastic Surgery, 
Illinois Masonic Medical Center; Director, The Chicago 
Center for Plastic & Reconstructive Surgery, Chicago, 
Illinois

Norman Weinzweig, MD, FACS
Professor, Department of Plastic and Reconstructive 

Surgery, Rush Univeristy Medical Center, Chicago, 
Illinois

Arnold-Peter C. Weiss, MD
Professor of Orthopaedics, Assistant Dean of Medicine 

(Admissions), Alpert Medical School of Brown University, 
Rhode Island Hospital, Providence, Rhode Island

Linton A. Whitaker, MD
Professor of Surgery (Plastic Surgery), Chief Emeritus, 

Department of Surgery, The University of Pennsylvania 
School of Medicine; Senior Surgeon, Department of 
Plastic Surgery, The Children’s Hospital of Philadelphia; 
Attending Surgeon, Department of Surgery, Hospital 
of the University of Pennsylvania; Director, Edwin & 
Fannie Gray Hall Center for Human Appearance, The 
University of Pennsylvania Health System, Philadelphia, 
Pennsylvania

Deborah J. White, MD
Attending Physician, Department of Surgery, Scottsdale 

Healthcare Shea, Scottsdale, Arizona

Lisa Ann Whitty, MD
Plastic Surgery Fellow, Division of Plastic Surgery, Mayo 

Clinic, Rochester, Minnesota

S. Anthony Wolfe, MD, FACS, FAAP
Chief, Department of Plastic Surgery, Miami Children’s 

Hospital, Miami, Florida

Ronit Wollstein, MD
Assistant Professor of Surgery and Orthopedic Surgery, 

Department of Surgery, Division of Plastic and 
Reconstructive Hand Surgery, University of Pittsburgh 
Medical School, Pittsburgh, Pennsylvania

Albert S. Woo, MD
Assistant Professor, Plastic Surgery, Department of Surgery, 

Washington University; Assistant Professor, Plastic Surgery, 
Department of Surgery, Barnes-Jewish Hospital; Assistant 
Professor, Plastic Surgery, Department of Surgery, Saint 
Louis Children’s Hospital, Saint Louis, Missouri

R. Christie Wray, Jr., MD
Professor and Chief Emeritus, Department of Surgery, 

Section of Plastic and Reconstructive Surgery, Medical 
College of Georgia; Professor of Surgery, Surgery Service 
Line, Section of Plastic Surgery, VA Medical Center and 
Downtown Division, Augusta, Georgia

Michael J. Yaremchuk, MD, FACS
Clinical Professor of Surgery, Harvard Medical School; 

Chief of Craniofacial Surgery, Division of Plastic and 
Reconstructive Surgery, Massachusetts General Hospital, 
Boston, Massachusetts

Soheil S. Younai, MD, FACS
Staff Surgeon, Department of Surgery, Tarzana Regional 

Medical Center, Tarzana, California

Jack C. Yu, DMD, MD, MS ED
Milford B. Hatcher Professor and Chief, Section of Plastic 

Surgery, Department of Surgery, Medical College of 
Georgia; Chief of Plastic Surgery, Department of Surgery, 
MCG Health, Inc., Augusta, Georgia

Eser Yuksel, MD
Associate Professor, Department of Plastic Surgery, 

Baylor College of Medicine; Attending Physician, 
Department of Plastic Surgery, Methodist Hospital; 
Attending Physician, Department of Plastic Surgery, 
St. Luke’s Hospital; Adjunct Associate Professor, 
Department of Bioengineering, Rice University, 
Houston, Texas

Alarick Yung, MD
Clinical Instructor, Department of Orthopaedics, Tufts 

University School of Medicine, Tufts New England Medical 
Center, Boston, Massachusetts

Priya S. Zeikus, MD
Assistant Professor, Department of Dermatology, University 

of Texas Southwest Medical School, Dallas, Texas

Richard J. Zienowicz, MD, FACS
Associate Professor of Plastic Surgery, Department of Plastic 

Surgery, Brown University School of Medicine, Rhode 
Island Hospital, Providence, Rhode Island



xxv

Acknowledgments

The orchestration of almost 300 authors from four continents was no easy task. Producing the second edition of a text that, 
over the past decade, has become a household name in the lexicon of trainees and practicing plastic surgeons around the 
world was even less easy. The goal of such an undertaking must be to over-deliver—to exceed expectations. And expectations 
were quite high for this volume. Compilation of this text demanded attention to innumerable details and warranted a dedicated 
team committed to producing a book that would surpass the original. I was extremely fortunate to have had just such a team 
involved in the vast undertaking of producing the second edition of Plastic Surgery Secrets.

I am indebted to the scores of renowned specialists from a multitude of disciplines, including plastic surgery, 
otolaryngology, dermatology, orthopaedic surgery, general surgery, urology, breast surgery, speech pathology, radiology, hand 
therapy, anesthesiology, and orthodontics, who contributed their expertise and ingenuity to produce the 155 superbly crafted 
chapters that comprise the second edition of Plastic Surgery Secrets. The coordination of communication with an endless 
stream of these cleverly elusive contributors was only possible due to the natural predatory instincts of my extraordinary 
administrative assistant, Carolynn Turke. My appreciation transcends words.

Elsevier provided an editorial and production staff with open minds and a willingness to allow digression now and then 
from convention. I remain forever grateful to Linda Belfus of Hanley & Belfus, who created the Secrets® series before merging 
with Elsevier and who took a chance on me when I pitched the original idea for Plastic Surgery Secrets while still a plastic 
surgery resident in the mid-1990s. I am especially thankful to my developmental editor, Andrea Vosburgh, my production 
editor, Kate Mannix, my design manager, Steven Stave, and my senior acquisitions editor, Jim Merritt, whose efforts in 
bringing this project to fruition have been exemplary. I have no doubt they are greatly relieved with its completion and 
welcome the serenity that has supplanted the deadline-induced hysteria. At least for now.



2 This page intentionally left blank



xxvii

Foreword

One of the proudest traditions of surgery has been the passing of knowledge from one generation to another. This tradition of 
surgical education has taken many forms and has undergone continued evolution.

In ancient times, undoubtedly, it was based on the oral tradition—the teacher verbally conveying dogma to the student.  
The written word was also an important component, as witnessed by the writings of Sushruta in 600 B.C., the famous papyri 
of Egypt, the monastic manuscripts of the Middle Ages, and the dissemination of books, the latter resulting from the discovery 
of the printing press by Johann Gutenberg in 1440.

The modern age greatly facilitated the dissemination of surgical knowledge. Improvements in travel allowed 
surgeons to move from country to country, continent to continent in pursuit of new surgical techniques. Individual 
master surgeons created pilgrimage sites that drew surgeons from around the world to their operating clinics. 
Some, however, were secretive and others even charged a fee to attend their operative sessions. The discovery of 
photography permitted the accurate printing of images in books and eventually led to the discovery of the projected 
slide—hence, Sir Harold Gillis’ famous quip that the greatest advance in plastic surgery in his lifetime was “the 
discovery of the Kodachrome slide.” One wonders what his utterance would have been had he lived to use PowerPoint 
software!

In this century, each advance in telecommunications was followed by another: radio allowed the first simultaneous 
national and international surgical conferences; motion picture film was exploited by the American College of 
Surgeons as a means of teaching technical surgery to large numbers of surgeons; television allowed closed circuit 
meetings, which could be viewed simultaneously around the world by satellite; and the computer provided multimedia 
capabilities.

Now in the 21st century we have come to realize that the problem is not only the acquisition of surgical knowledge 
but also the personal processing and integration of an overwhelming mass of data that increase daily on an exponential 
scale. Yet, surgical teachers are also confronted by new challenges with the development of rigidly constructed national 
healthcare systems and a decrease in the number of teaching cases that had been the source of most “hands on” 
surgical teaching. In the United States, work hour regulations have limited the clinical experience of the surgical trainee. 
As surgical teachers, we must take advantage of modern technology and develop comprehensive virtual surgery training 
programs, not unlike what the airline industry has done in training pilots before they are allowed to sit in the cockpit of a 
real aircraft.

Fundamental to this proud tradition of surgical education remains what Dr. Jeffrey Weinzweig has so accurately defined as 
the Socratic method, a pedagogic technique attributed to the Athenian philosopher. His educational method, called DIALECTIC, 
is derived from the Greek word meaning to “converse.” In the end, this is the soul of surgical education—the surgeon and the 
student in continuous dialogue not only to pass on surgical knowledge but, equally importantly, to train for the future a new 
surgeon who will expand on that knowledge.

In the second edition of the immensely popular Plastic Surgery Secrets, several hundred leading practitioners of the 
discipline of plastic surgery have demonstrated the value of the question-and-answer technique in imparting plastic 
surgery knowledge. However, one must not forget that it is not only the student who benefits from the well-posed question 
but also the teacher—it is truly an intellectual interchange. And one must also not forget that it is the questions without 
answers that propel the discipline forward as the questioner becomes determined to find the answers. This is the true 
beauty of our plastic surgical educational heritage.

“There is only one good, knowledge, and one evil, ignorance.”
Socrates c. 470–399 B.C.

Joseph G. McCarthy, MD
Lawrence D. Bell Professor of Plastic Surgery

NYU School of Medicine
New York, New York
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xxix

Afterword

I confess that although I have written many forewords, this is my first afterword. Dr. Jeffrey Weinzweig has honored me by 
having asked me to provide this epilogue. He has taken a chance because he does not know what an editor, used to having 
the last word, might say.

My first comment is that this is a brilliantly conceived and much needed excellent book that admirably fulfills all its 
objectives and would have pleased even, or especially, Socrates, whom Dr. Weinzweig cited in his preface to the first edition. 
He could have entitled this Everything You Wanted to Know about Plastic Surgery but Didn’t Know or Were Too Afraid to Ask.

One might enter into an abstruse argument about what constitutes “plastic surgery secrets.” Are they facts, as the contents 
of this book implies? Pertinent is the observation by Samuel M. Crothers (1857–1927), an American Unitarian Universalist 
minister and essayist, who lived in Cambridge, Massachusetts (The Gentle Reader, 1903): “The trouble with facts is that there 
are so many of them.” Certainly, after the appearance of this second edition, there are now more facts in plastic surgery than 
there are secrets.

Gertrude Stein might have said but did not: “A secret to be a secret must remain a secret.” Advances in medicine and in 
the care of the patient depend upon scientists and doctors not withholding information, that is, not keeping secrets, except for 
respecting the confidentiality of the patient.

A major benefit of this electronic age has caused the cliché to come true: “Everything is an open book.”
Praise is due to Dr. Weinzweig, the contributors, and the publishers for educating not just medical students and residents, 

those who might be asked questions on rounds or on exams, but all plastic surgeons, who can always benefit from more 
knowledge; certainly, their patients will.

I must register an obvious caveat: questions with answers, facts and secrets revealed do not guarantee “successful plastic 
surgery.” An essential determinant is the personality of the patient and the plastic surgeon. One would hope that the plastic 
surgeon would be ethical, psychologically astute, compassionate, competent, judicious, and always committed to placing the 
needs of the patient above his or her own, acting according to what is best for the patient and not convenient or remunerative 
for the plastic surgeon.

Facts, however, are the necessary equipment of a good doctor–surgeon–plastic surgeon. They constitute the basis of 
knowledge but they are not the same as knowledge, which is not the same as wisdom, nor is it the same as a discerning eye 
and a responsive soul.

Worn by repetition but valid still is the secret enunciated by the early twentieth century Boston physician, Francis W. Peabody 
(1881–1927) (The Care of The Patient, The Journal of The American Medical Association; Vol 88, March 19,1927): “the secret of 
the care of the patient is in caring for the patient.”

Too frequently omitted is this equally important quote: “The treatment of a disease may be entirely impersonal; the care of 
a patient must be completely personal.”

And that is a fact to remember and a secret to share.

Robert M. Goldwyn, MD
Clinical Professor of Surgery

Harvard Medical School
Boston, Massachusetts
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Preface to the first edition

There is no such thing as a stupid question. Socrates knew this more than two thousand years ago when the interrogative 
(Socratic) method of teaching was born. The success of The Secrets Series® reaffirms the effectiveness of this approach 
to teaching. The purpose of Plastic Surgery Secrets is to serve as a comprehensive guide to a field in which the earliest 
procedures, including nasal and earlobe reconstruction, were described by Sushruta in 600 BC, while new frontiers pioneered 
within the last three decades, including craniofacial surgery, microsurgery, and fetal surgery, continue to evolve.

Nearly 200 authors have contributed the 120 chapters that comprise this volume, many of whom have literally defined the 
area of the specialty about which they have written. They have provided more than 3000 questions that broach virtually every 
aspect of plastic surgery and stimulate as many. I am indebted to each of them. The vastness of the field of plastic surgery by 
necessity presents countless opportunities for collaboration in patient management and medical education with colleagues 
in numerous other specialties. The scope of this volume is intended to cross over to students and practitioners in these allied 
fields. It is intended to provoke thought and stimulate further inquiry and represents a distillation of the important concepts 
and pearls that form the foundation of that alluring discipline of medicine known as plastic surgery. 

Jeffrey Weinzweig, MD, FACS
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Preface to the second edition

The illustrious history of the specialty of plastic surgery, which spans two and a half millennia and includes the contributions 
of Sushruta, Tagliacozzi, Gillies, Buncke, and Tessier, among scores of other luminaries, demonstrates a consistent stream 
of advances that are seamlessly interwoven with quantum leaps in a way that no other surgical specialty can match. The 
playground of the plastic surgeon encompasses “the skin and its contents,” as many of us are apt to proudly quip. The plastic 
surgeon is widely considered the innovator, the “aesthetic eye,” the “surgeon’s surgeon,” the last link in the reconstructive 
chain when all other options have been exhausted. With those references come great expectations on the part of the patient 
and great responsibility on the part of the plastic surgeon.

The first edition of Plastic Surgery Secrets hit the shelves of bookstores around the world in 1999. In the decade since, it 
has become one of the best-selling books of its kind, with worldwide distribution and translations into four languages. It has 
served as a reliable and quick reference source for thousands of medical students, residents, and practicing plastic surgeons 
as well as trainees and colleagues in multiple other specialties.

During this period, the field of plastic surgery has made innumerable great strides in diverse directions to better address a 
myriad of complex clinical problems. These include the innovation of novel disruptive technology to enhance the treatment of 
complex craniofacial anomalies and problematic wounds, the development of advanced microvascular techniques to further 
define the boundaries of flap design, and the expansion of concepts set in motion more than a half century ago when  
Dr. Joseph Murray—a plastic surgeon—performed the first successful kidney transplant, subsequently receiving the Nobel 
Prize for his lifesaving accomplishment that ushered in the field of organ transplantation.

To address the explosive progress of our specialty over the past decade, the second edition of Plastic Surgery Secrets has 
been expanded to incorporate 35 new chapters dedicated to topics that reflect the growing complexity of our evolving field 
since the publication of the first edition. Chapters have been dedicated to facial transplantation, conjoined twins, perforator 
flaps, hand transplantation, principles of VAC, management of vascular disorders and compartment syndrome of the upper 
extremity, cleft and aesthetic orthognathic surgery, the pediatric hand and wrist, body contouring after massive weight loss, 
nonsurgical rejuvenation of the aging face, advances in basic science research, as well as multiple aspects of craniofacial 
distraction osteogenesis, including distraction of the cranium, midface, and mandible, and numerous other salient topics. 
To explore the legalistic subtleties and complexities of our specialty, chapters have been dedicated to CPT coding strategies, 
liability issues, and ethics.

Almost 300 authors have participated in the gargantuan task of revising, updating, and expanding the original edition to 
create one that contains 155 succinctly and cleverly crafted chapters. I am indebted to each of them. The introduction of full 
color to this volume and the larger dimensions of the text further enhance the book’s strength as an educational tool. At the 
end of the day, the more easily and enjoyably a book serves as a resource, the more frequently it will be used as a reference. 
It is hoped that the second edition of Plastic Surgery Secrets will meet these expectations. 

Jeffrey Weinzweig, MD, FACS
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Andrew Hsu, MD, and Thomas A. Mustoe, MD, FACS

The PrinciPles Of WOund healing 1

 1. What events occur during each of the primary phases of wound healing?
Wound healing has three principal phases: inflammatory, proliferative, and remodeling. The inflammatory phase 
begins at the time of injury and lasts for 24 to 48 hours. This phase begins with hemostasis and leads to inflammation. 
Platelets form the initial thrombus release growth factors that induce the chemotaxis and proliferation of neutrophils 
and macrophages, which cooperate to remove necrotic tissue, debris, and bacteria from the wound. Macrophages then 
become the prominent cell of this phase and release various growth factors and cytokines that change the relatively 
acellular wound into a highly cellular environment. Next, fibroblasts proliferate to become the dominant cell of the 
proliferative phase. They produce collagen, which provides structure to the wound and replaces the fibronectin–fibrin 
matrix. Angiogenesis of new capillaries occurs to sustain the fibroblast proliferation. Keratinocytes also epithelialize 
the wound. The remodeling phase begins at about 2 to 3 weeks and can last up to 2 years. At this time, collagen 
synthesis and degradation reach equilibrium. Fibroblasts organize and cross-link the collagen, wound strength gradually 
increases, wound contraction occurs, and the wound loses its pink or purple color as capillary and fibroblast density 
decrease. All stages may vary in length because of infection, malnutrition, or other exogenous factors.

 2. What roles do platelet-derived growth factor and transforming growth factor beta 
play in wound healing?
Platelet-derived growth factor (PDGF) is released initially by platelets in the inflammatory phase during the formation of 
the initial thrombus. It is an important chemoattractant and activator of macrophages, which arrive to orchestrate wound 
healing. These macrophages then secrete additional growth factors that include more PDGF. These growth factors 
attract, recruit, and activate additional macrophages.

Transforming growth factor beta (TGF-β) is released by macrophages and platelets. It is a potent chemoattractant 
and activator of fibroblasts, stimulating them to form collagen. TGF-β is the major growth factor involved in collagen 
synthesis.

 3. What role do macrophages play in wound healing?
Macrophages play a critical role in the inflammatory phase. They help to débride the wound through phagocytosis, but, 
more importantly, they are the primary source of proinflammatory cytokines and growth factors such as the interleukins 
(IL-1, IL-6, IL-8), PDGF, TGF-β, epidermal growth factor (EGF), fibroblast growth factor (FGF), vascular endothelial growth 
factor (VEGF), and insulin-like growth factor (IGF). These humoral factors stimulate the recruitment, activation, and 
proliferation of additional macrophages, lymphocytes, fibroblasts, and endothelial cells. These cytokines also act in an 
autocrine fashion to tremendously amplify their expression.

 4. Are neutrophils essential for strengthening wounds?
Neutrophils remove necrotic debris and bacteria from the wound initially during the inflammatory phase of wound 
healing but play no role in strengthening the wound. Unlike macrophages, neutrophils are not a source of growth factors 
in a healing wound.

 5. How does the wound’s collagen composition compare between the early and late 
stages of wound healing?
Type I collagen is the most abundant type of collagen in normal dermis (approximately 80% to 90%). During the early 
stages of wound healing, fibroblasts actively produce type III collagen, which may account for 30% of the collagen 
in a healing wound. By week 2, type I collagen again becomes the principal collagen produced by fibroblasts. During 
remodeling, type III collagen is replaced by type I collagen to restore the normal dermal collagen composition.

 6. When does collagen production peak in a healing wound?
Net collagen accumulation peaks after 2 to 3 weeks after injury. Collagen production peaks after 6 weeks but is 
balanced by collagen degradation. Although no net increase in collagen occurs during remodeling, collagen synthesis 
and degradation continue at elevated rates for up to 1 year after the initial injury.
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 7. During remodeling, no net increase in collagen occurs but wound tensile strength 
increases greatly. Why?
Initial wound healing is notable for production of large amounts of randomly oriented collagen. During remodeling, this 
collagen becomes cross-linked and replaced with more organized collagen that is better arranged to resist mechanical 
stress. Like raw wool being woven into strong yarn, the remodeled collagen is compacted into fibers that are many 
times stronger than random collagen fibrils. However, the final strength of the new collagen never reaches the strength 
of uninjured collagen.

 8. What is the rationale for not allowing patients with hernias to do sit-ups for 6 weeks 
after a herniorrhaphy?
Wound tensile strength initially is relatively weak. It increases slowly for about 2 weeks and then increases rapidly for 
4 weeks in a linear fashion. By 6 weeks after injury, the wound has gained about 50% of its ultimate strength and is 
strong enough to tolerate moderate forces. In the elderly, it may be prudent to be more patient because gains in tensile 
strength are slower.

 9. A well-healed wound eventually reaches what percentage of prewound strength?
Classic studies by Levenson et al. in 1965, using a rat model, demonstrated that wounds never achieve more than 80% 
of normal prewound tensile strength.

 10. What is the wound healing defect in Ehlers-Danlos syndromes?
Ehlers-Danlos syndromes (EDS) are a heterogeneous group of connective tissue disorders characterized by hypermobile 
joints, hyperextensible skin, and generalized fragility of connective tissues. They are associated with defects in the 
synthesis, cross-linking, or structure of collagen that can lead to decreased wound strength and delays in wound 
healing. Patients are prone to wound dehiscence, which forms broad, thin, shiny scars resembling cigarette paper.

 11. What is the mechanism of wound contraction?
Fibroblasts in contracting wounds have increased actin microfilaments and are designated as myofibroblasts. These 
myofibroblasts orient themselves along lines of tension and pull collagen fibers together. Wound contraction is part of 
the normal healing process that closes wounds to the external environment. Scar contracture is an abnormal shortening 
and thickening of a scar that may cause functional (if across a joint) and/or cosmetic deformities.

 12. By what three methods can wound healing be achieved?
A wound can heal through primary intention in the acute, clean surgical wound. This relatively rapid process involves 
manual approximation of the wound edges by suture, staples, or adhesive material. In secondary intention, a wound is 
allowed to heal through the physiologic processes of granulation and reepithelialization. This method leads to a relatively 
slow healing process and is used in chronic wounds that are more likely to be infected. In tertiary intention, healing 
occurs when primary closure is delayed, allowing the wound to granulate for a short period before closure through 
manual reapproximation or another technique. This method can be used to débride an infected, acute wound before 
closure. This is also designated delayed primary closure.

 13. What is contact inhibition and how does it relate to epithelialization?
Contact inhibition is the concept that physical contact halts cell migration. Epithelial cells exhibit contact inhibition. They 
continue to proliferate and migrate across the surface of a wound until they contact each other, forming a continuous, 
single-layer sheet.

 14. How long should a wound be kept dry after closing a surgical incision?
Well-approximated surgical incisions usually are epithelialized in 24 to 48 hours, forming a fluid barrier. Washing a wound 
once it is epithelialized to remove dried, crusted blood and exudates can reduce bacterial loads and culture media that 
could delay wound healing. For example, the benefits of washing and removing dried blood from a facial laceration far 
outweigh any risks to the wound. However, elderly patients epithelialize slower, so their wounds should be kept dry longer, 
particularly less well-vascularized areas such as lower extremities. If foreign material such a prosthetic joint is beneath an 
incision, it may be desirable to keep it dry for much longer to prevent potential contamination of the prosthesis.

 15. Why do partial-thickness wounds reepithelialize faster than full-thickness  
wounds?
Epithelial cells are located not only in the epidermis but also in dermal sweat glands and hair follicles. In partial-
thickness wounds, some epithelial islands and these dermal structures are preserved, so epithelial cell migration 
and proliferation from these remaining dermal appendages, sweat glands, and hair follicles all contribute to faster 
epithelialization. In full-thickness wounds, the entire dermis is destroyed, so epithelialization can only occur from the 
outer margins of the wound.
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 16. You are about to remove an actinic/seborrheic keratosis from a patient’s face when 
he asks if there will be any scarring. How do you respond?
Actinic and seborrheic keratoses are limited to the epidermis. Scarring occurs following injury to the dermis. Injuries to 
the epidermis can heal without scarring, but if wound closure is delayed or deeper layers are injured, scarring results. 
Therefore, superficial skin lesions such as actinic/seborrheic keratoses can be removed without scarring if care is taken 
not to injure the deeper dermis.

 17. After giving birth to her first baby, a patient asks if any treatments are available for 
stretch marks (striae distensae). What causes stretch marks? Are they amenable to 
treatment?
Stretch marks form when dermal collagen fibers are stretched and disrupted but the epidermis remains intact. The 
dermis forms a scar that is visible through the translucent epidermis. Because stretch marks are scars in the dermis, 
treatment involves scar excision or tissue destruction.

 18. What techniques can be used to optimize healing of surgical wounds?
Any technique that reduces inflammation, minimizes tissue destruction, clears debris, and promotes a moist 
environment will optimize healing of surgical wounds. Some specific techniques are to perform meticulous 
hemostasis, limit the use of electrocautery, handle tissue with atraumatic instruments, achieve early and precise tissue 
approximation, avoid crush injury, and minimize suture material (foreign bodies) in the wound. Early and frequent 
cleansing helps to gently débride wounds by clearing surface exudates, bacteria, and debris. Also, evidence indicates 
that covering immature epithelium with silicone sheeting, paper tape, or other materials that simulate a mature stratum 
corneum can beneficially modulate the scarring process.

 19. Is a wound less likely to spread if it is closed with intradermal polyglactic acid 
suture (Dexon, Vicryl) versus a nylon suture that is removed in 7 days?
Wounds can spread if closed under tension or if exposed to stretching forces. In the first 3 weeks of wound healing, 
the strength of a wound is only a small fraction of its eventual strength. Sutures removed or degraded before this time 
have little effect in preventing wound spreading. Polyglactic acid suture loses strength after 3 weeks, at which time the 
wound is still relatively weak. These results are similar to removing a nylon suture from the wound in 1 week.
Leaving a permanent intradermal suture in place for several months has been shown to decrease spreading, and it is 
possible that a synthetic suture that retains strength for 6 to 8 weeks may have the same effect.

 20. What is the ideal dressing?
In general, the ideal dressing should be simple, inexpensive, highly absorptive, and nonadherent. It should provide 
a moist environment for healing and should have antibacterial properties. However, wounds are not all the same; 
therefore, dressings should be selected such that their desirable properties (absorptive, antibacterial, etc.) fit the needs 
of the particular wound. Hundreds of dressings with various desirable properties are available on the market; however, 
none of them has been proven superior to gauze.

 21. What are the benefits of occlusive dressings?
Occlusive dressings (e.g., polyurethane) maintain moist environments that promote faster reepithelialization than 
occurs under dry conditions. It has been shown that epithelialization under scabs does not occur as quickly as under 
moist dressings. When occlusive dressings are used, care should be taken to monitor for infection because the moist 
environment under the dressing makes an excellent medium for bacterial growth.

 22. Which vitamins and minerals affect wound healing?
Vitamin A decreases the inflammation in wounds and may improve wound healing in steroid-dependent patients. 
Vitamin C is necessary for the hydroxylation of lysine and proline in collagen cross-linking. Essential fatty acids are required 
for all new cell synthesis. Magnesium and zinc are important cofactors for DNA synthesis, protein synthesis, and cellular 
proliferation. Copper-based enzymes catalyze the cross-linking of collagen and strengthen the collagen framework. 
These vitamins and minerals should be supplemented to prevent deficiency states; however, oversupplementation in the 
adequately nourished patient has not been shown to accelerate wound healing and, instead, may be deleterious.

 23. Are there any specific products that help accelerate wound healing?
The Food and Drug Administration (FDA) has approved the use of PDGF for accelerating the healing of clean,   
well-vascularized, diabetic forefoot ulcers. Apligraf is a synthetic dermis that the FDA has approved for improving the 
treatment of refractory venous ulcers.

 24. What is the wound vacuum-assisted closure, and how does it accelerate wound healing?
The wound vacuum-assisted closure (VAC) is a very useful occlusive dressing that provides a constant negative pressure 
to the wound bed. This negative pressure reduces tissue edema, removes exudates, lowers the bacterial burden, 
aids in tissue contraction, and may improve blood supply. This device has allowed many wounds requiring complex 
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reconstruction to heal with simpler options; however, it may be subject to overuse. It has applications for many acute 
and chronic wounds and has resulted in simpler solutions, such as skin grafts rather than complex flaps for successful 
wound closure.

 25. You are reluctant to débride a decubitus ulcer with necrotic tissue in a chronically 
ill patient who has multiple medical problems and a coagulopathy. What are the 
alternatives to surgical débridement?
Several options are available. Topical creams that break down necrotic tissue can be applied to the wound. Commonly 
used agents include autolytic and enzymatic débridement creams. Autolytic débridement agents work by activating 
endogenous collagenases within the open wound to remove necrotic tissue. Enzymatic débridement agents are 
concentrated collagenases that directly digest the nonviable tissue.

 26. What is a chronic wound?
Chronic wounds are those that fail to close in 3 months. They fall into three broad categories: diabetic ulcers, pressure 
ulcers, and ulcers secondary to venous hypertension. With meticulous wound care, most chronic wounds will close 
without surgical intervention.

 27. What factors impair wound healing?
Although many factors influence wound healing in surgical patients, the most important are nutritional deficiencies 
(albumin <2.5 gm/dL), vitamin deficiencies (unusual), aging, wound infections, hypoxia, edema, steroids, diabetes, and 
radiation.

 28. What effect does radiation have on wound healing?
Radiation damages endothelial cells, capillaries, and arterioles. This results in progressive loss of blood vessel volume 
and diminishes tissue perfusion in the affected area. Radiated fibroblasts show decreased proliferation and collagen 
synthesis, leading to diminished deposition of extracellular matrix. Lymphatics are likewise damaged, causing edema 
and poor clearance of infection in healing tissues.

 29. Why does edema impair wound healing?
In normal tissue, each cell is only a few cell diameters away from the nearest capillary and receives oxygen 
and nutrients by diffusion. Edema impairs wound healing through several mechanisms. First, the additional 
extracellular water increases diffusion distances, resulting in lower tissue pO2. Second, chronic edema may 
result in protein deposition in the extracellular matrix, which can act as a diffusion barrier for growth factors and 
nutrients, making them less available to cells. Finally, growth factors and nutrients are relatively diluted in the 
edematous fluid.

 30. What factors are responsible for local wound ischemia?
Smoking, radiation, edema, diabetes, atherosclerosis, venous stasis, vasculitis, or prolonged pressure can affect the 
perfusion and oxygenation of a wound and cause local wound ischemia.

 31. Is there a role for hyperbaric oxygen in wound healing?
Recent evidence suggests that oxygen serves not only as a necessary component in aerobic metabolism but as a 
signaling molecule for growth factor production. Based on the success of a number of retrospective studies, the use 
of hyperbaric oxygen to increase tissue oxygenation has become widespread, particularly in patients with diabetic foot 
ulcers. However, large, prospective, randomized trials have not been conducted.

 32. What is the definition of wound infection?
It is the product of the entrance, growth, metabolic activities, and resultant pathophysiologic effects of microorganisms 
in the tissues. A wound with bacterial counts greater than 105 organisms per gram of tissue is considered infected and 
unlikely to heal without further treatment.

 33. What causes hypertrophic/keloid scars? What features distinguish them?
Hypertrophic/keloid scars are believed to be due to an excessive inflammatory response during wound healing. Keloids 
usually extend beyond the boundaries of the original tissue injury and become progressively larger. They act similar to 
benign tumors and may extend into surrounding tissue. Hypertrophic scars are elevated but do not extend outside the 
original borders of the wound. Keloids are more common in people with dark complexions. Hypertrophic scarring occurs 
more often in Asian and African skin. Keloid scarring is transmitted in an autosomal dominant pattern in some patients. 
Both conditions are remarkable for overproduction of all components of the extracellular matrix, but absolute numbers 
of fibroblasts are not increased.
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 34. A patient has two burns on his chest, one of which epithelialized in 1 week, the 
other in 3 weeks. The second wound now has a hypertrophic scar. Why?
Partial-thickness burns or abrasions that remain open for more than 2 weeks have a high incidence of hypertrophic 
scarring. Scarring is believed to be secondary to prolonged inflammation and can be minimized by rapidly closing a 
wound primarily, skin grafting, or other techniques.

 35. What treatment options are available for hypertrophic scars?
Pressure garments, topical silicone sheeting, adjunctive use of insoluble steroids, and reexcision may improve 
hypertrophic scars. In general, simple reexcision and closure is a realistic solution if the cause of the scar was poor 
wound closure, inadequate support from wound tension, prolonged inflammation from infection, foreign bodies (excess 
suture), or delayed epithelialization. One should pay particular attention to using permanent sutures to splint the dermis, 
achieve early wound occlusion, and apply silicone gel sheeting.

 36. What treatment options are available for keloid scars?
Proven treatment options include intralesional injection of steroids, radiation therapy, or combination therapy with 
surgical resection. More recently, interferon has shown some benefits in reducing collagen production and keloid 
thickness.

 37. What effect does aging have on wound healing?
Aged patients have slower wound healing, less scarring, less contraction, decreased tensile strength, decreased 
epithelialization, delayed cell migration, and decreased collagen synthesis. Aging can be an advantage in performing 
cosmetic surgery because scarring can be minimized. However, it also can be a disadvantage because wound strength 
is lower, and a wound may easily be separated if placed under tension.

 38. You perform a split-thickness skin graft (12/1000ths of an inch) for burns in a young 
patient and in an elderly patient, using the same technique and equipment. Several 
weeks later the young patient is doing well, but the elderly patient has blisters 
forming on the graft. What may be the cause?
Basal epidermal cells are attached to the underlying dermis by hemidesmosomes. Cells of aged individuals have been 
shown to be ineffective at forming new hemidesmosomes. Without an adequate dermal base, coverage of the wound by 
epidermis is unstable and characterized by chronic and recurrent breakdown. Therefore the skin of elderly patients is 
less tolerant to shearing forces. When shearing occurs, blisters are likely to form.

 39. How does the fetal wound differ from the adult wound?
The main difference is that fetal wounds heal with little to no scar formation. Fetal wounds are bathed in amniotic fluid, 
heal with less inflammation, have increased levels of type III collagen, lack TGF-β, and have a relatively high content 
of hyaluronic acid.
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Techniques and GeomeTry 
of Wound repair

 1. What are important considerations in surgical wound closure?
Surgical wound closure is performed in conjunction with biologic events such as fibroplasia, epithelialization, wound 
contraction, bacterial balance, and host defense mechanisms. All suture materials, including both absorbable and 
nonabsorbable monofilaments, should be considered as foreign bodies that evoke a tissue inflammatory reaction. This 
reaction may result in delayed wound healing, infection, or dehiscence. Selection of suture material should be based 
on the healing properties and requirements of the involved tissue, the biologic and physical properties of the suture 
material, the location of the wound on the body, and individualized patient considerations.

 2. Why is the choice of suture material critical in the early stages of wound healing?
In the early stages of wound healing, the suture is primarily responsible for keeping the wound together. In the first 3 
or 4 days after wound repair, the gain in tensile strength is related to the fibrin clot, which fills the wound cavity. Tensile 
strength is less than 5% of unwounded skin at 1 week, 10% at 2 weeks, 25% at 4 weeks, 40% at 6 weeks, and 80% at 
8 to 10 weeks.

 3. Which layer of a wound repair contributes the most to wound strength?
The dermal layer. Absorbable sutures placed in the dermis, such as poliglecaprone 25 (Monocryl), polyglactin 910 
(Vicryl), polyglycolic acid (Dexon), or polyglyconate (Maxon), provide tensile strength over an extended period prior 
to suture resorption. Sutures placed in the epidermis, usually 5-0 or 6-0 nylon (depending on location), permit fine 
alignment of the skin edges only and should be removed within 5 days.

 4. What are the basic principles of suturing skin wounds?
Skin edges should be débrided when necessary and always everted and approximated without tension. If simple 
stitches are not sufficient, horizontal or vertical mattress stitches may be necessary. After tying a knot, the suture 
appears pear-shaped in cross-section with raised borders. The everted skin edges gradually flatten to produce 
a level surface. It is important to place the suture so that the wound edges just touch each other. Postoperative 
edema creates additional tension with potential strangulation of tissue and resultant ischemia that may lead to 
necrosis.

 5. What are the different methods of suturing skin wounds?
Simple interrupted sutures are placed so that the needle enters and exits the tissue at 90°, grasping identical amounts 
of tissue on each side to permit exact approximation of the wound margins. Of course, this principle applies only when 
the skin edges line up at exactly the same level. Occasionally, one side of the wound is higher and the other lower. To 
approximate the edges at the same level, it is necessary to grasp the tissue “high in the high” (closer to the epidermis) 
and “low in the low” (farther from the epidermis).

Vertical and horizontal mattress sutures are especially useful for everting stubborn wound edges. However, horizontal 
mattress sutures cause more ischemia than either simple interrupted or vertical mattress sutures.

Subcuticular or intradermal continuous sutures obviate the need for external skin sutures; thus, they avoid suture 
marks on the skin and result in the most favorable scar. These sutures should be left in place for 2 to 3 weeks. 
Prolene is often used because it produces little inflammatory reaction, maintains its tensile strength, and can easily be 
removed.

Half-buried mattress sutures (McGregor stitch or three-corner stitch) are especially useful for closing a V-shaped 
wound or approximating skin edges of different textures or thicknesses. This stitch usually prevents necrosis of the tip 
of the V, which is sometimes seen with simple interrupted sutures. By placing the buried portion of the suture within the 
dermis of the flap, ischemia and damage to the overlying skin are avoided.
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Continuous over-and-over or running sutures are most often used for closure of scalp wounds because they can 
be performed rapidly and are hemostatic. Locking these stitches provides additional hemostasis. Nonlocking running 
stitches, using fine nylon, can be used in areas such as the face where the wound is uncomplicated and under no tension.

 6. What is the role of immobilization in wound healing?
Immobilization of the wound is as important in soft tissue healing as it is in bone healing. By immobilizing the wound, 
tension across the skin edges is eliminated, yielding a more favorable scar. Immobilization can be achieved by using 
Steri-Strips, tapes, collodion, or even plaster splinting.

 7. How are suture materials classified?
Suture materials are classified as natural or synthetic, absorbable or nonabsorbable, and braided or 
monofilament. Further classification takes into consideration the time until absorption occurs, extent of tissue 
reaction, and tensile strength.

 8. What are the differences among the various absorbable suture materials?
Catgut, derived from the submucosal layer of sheep intestine, evokes a moderate acute inflammatory reaction and 
is hydrolyzed by proteolytic enzymes within 60 days. Tensile strength is rapidly lost within 7 to 10 days. Chromization 
(chromic catgut suture) slightly prolongs these parameters compared with plain gut. The main indications for use of 
catgut suture include ligation of superficial vessels and closure of tissues that heal rapidly, such as oral mucosa. Catgut 
sutures also can be used in situations where one wishes to avoid suture removal, as in small children.

Vicryl and Dexon are synthetic materials that behave similarly. They produce minimal tissue reactivity and are 
completely absorbed within 90 days. Tensile strength is 60% to 75% at 2 weeks and lost at 1 month. Both are useful 
as intradermal sutures because of their low reactivity, but they should be used judiciously as buried sutures because of 
their tendency to “spit” with inflammation. Monocryl (a monofilament), on the other hand, can be used comparably as 
intradermal or buried sutures. Because the braided structure of Vicryl and Dexon may potentiate infection, neither should 
be used in wounds with potential bacterial contamination.

Polydioxanone (PDS), a synthetic absorbable monofilament, is minimally reactive. Absorption is essentially complete 
within 6 months, although little occurs before 90 days. Because of this slow absorption, “spitting” is a significant 
problem. As a monofilament suture, however, PDS is less prone to bacterial seeding. PDS sutures maintain their tensile 
strength considerably longer: 50% at 4 weeks and 25% at 6 weeks. Absorption is essentially complete at 6 months.

Maxon and Monocryl are absorbable monofilament sutures with qualities and advantages similar to those of PDS. 
However, they retain their tensile strength for only 3 or 4 weeks; absorption of Monocryl is essentially complete between 
3 and 4 months.

 9. What are the differences among the various nonabsorbable suture materials?
Nonabsorbable monofilament (Ethilon/nylon and Prolene) sutures incite minimal inflammatory reaction, slide well, 
and can be easily removed, thus providing ideal running intradermal stitches. Prolene appears to maintain its tensile 
strength longer than nylon, which loses approximately 15% to 20% per year. Nonabsorbable braided materials (Nurolon, 
Ethibond, and silk) elicit an acute inflammatory reaction that is followed by gradual encapsulation of the suture by 
fibrous connective tissue.

Staples cause less inflammatory reaction than sutures, have similar strength up to 21 days, and result in a similar final 
appearance when removed within 1 week postoperatively. Large wounds can be closed faster and more expeditiously 
with staples, which are useful for procedures such as abdominoplasty, reduction mammaplasty, and skin grafting.

 10. What influences the permanent appearance of suture marks?
The key factors influencing scarring due to suture placement are (1) length of time that the skin suture remains in place, 
(2) tension on the wound edges, (3) region of the body, (4) presence of infection, and (5) tendency for hypertrophic 
scarring or keloid formation. The most critical factors in avoiding suture marks in the skin are tension-free closure and 
early removal. Sutures left in place for excessive periods result in severe scarring. Epithelial cells crawl along the path of 
the suture within the skin, resulting in sinus tract formation; cross-hatching occurs from prolonged compression of the 
suture on the epidermal surface. Wounds in which sutures are removed within 7 days usually produce a fine linear scar. 
Wound closure with a running dermal pull-out suture provides the optimal scar without interfering with the development 
of tensile strength. The finest sutures for any given wound should be used. The timing of removal depends on the region 
of the body in which the sutures have been placed and ranges from 3 to 5 days in the face to 10 to 14 days in the back 
and extremities.
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 11. What are Langer’s lines?
Elastic fibers within the dermis maintain the skin in a state of constant tension, as demonstrated by the gaping of wounds 
created by incising the dermis or by the immediate contraction of skin grafts as they are harvested. In 1861, Langer 
demonstrated that puncturing the skin of cadavers with a rounded sharp object resulted in elliptical holes produced by 
the tension of the skin. He stated that human skin was less distensible in the direction of the lines of tension than across 
them. Shortcomings of Langer’s lines are that (1) some tension lines were found to run across natural creases, wrinkles, 
and flexion lines; (2) they exist in excised skin; and (3) they do not correlate with the direction of dermal collagen fiber 
orientation. Nonetheless, Langer’s lines serve as a useful guide in the planning and design of skin incisions and excisions.

 12. What are relaxed skin tension lines?
Relaxed skin tension lines (RSTLs), also known as wrinkle lines, natural skin lines, lines of facial expression, or lines of 
minimal tension, lie perpendicular to the long axis of the underlying facial muscles. They are accentuated by contraction 
of the facial muscles, as occurs with smiling, frowning, grimacing, puckering the lips, or closing the eyes tightly. An 
example is the frontalis muscle, which runs vertically straight up the forehead; RSTLs on the forehead run transversely 
or perpendicular to the underlying frontalis muscle.

 13. What is the optimal scar?
The optimal scar is a fine, flat, concealed linear scar lying within or parallel to a skin wrinkle or natural skin line, 
contour junction, or RSTL. There should be no contour irregularity, distortion of adjacent anatomic or aesthetic units or 
landmarks, or pigmentation changes.

 14. What causes “stretch” marks?
Significant stretch may result in disruption of the dermis with loss of continuity of the elastic fibers. Once this occurs, 
elastic recoil and skin tension in the involved area are lost—the result is a stretch mark.

 15. Which excisional methods can be used for removal of skin lesions?
Skin lesions can be removed by elliptical, wedge, or circular excisions. Most skin lesions are removed by simple 
elliptical excision with the long axis of the ellipse on, or paralleling, a wrinkle, contour line, or RSTL. The ellipse may be 
lenticular in shape with angular edges or have rounded edges. Ideally, the long axis should be four times longer than 
the short axis. Wedge excisions are performed primarily for lesions on the free margins of the ears, lips, eyelids, or 
nostrils. Lip lesions can be excised as either triangular or pentagonal wedges. Pentagonal rather than triangular excision 
often leads to less contracture and shortening along the longitudinal axis of the incision with a more favorable scar. 
Closure of circular defects can be performed by a purse string suture, a skin graft, or a local flap.

 16. What is the purpose of serial excisions?
Large lesions, such as giant nevi, can be removed by serial excisions. This approach takes advantage of the viscoelastic 
properties of skin and the creep and stress–relaxation phenomenon. It has been especially useful for improvement of 
male pattern baldness by excision of non–hair-bearing areas of the scalp. However, with the introduction of soft tissue 
expansion, the technique of serial excision has become less popular.

 17. What are the differences among rotation, transposition, and interpolation flaps?
Each of these flaps has a specific pivot point and an arc through which the flap is rotated. The line of greatest tension 
of the flap is the radius of that arc. The rotation flap is a semicircular flap, whereas the transposition flap is a 
rectangular flap, consisting of skin and subcutaneous tissue that rotates about a pivot point into an immediately 
adjacent defect. The flap donor site can be closed by direct suturing or with a skin graft. A small back-cut from the 
pivot point along the base of the flap can be made to release a flap that is under too much tension. Because a skin flap 
rotated about a pivot point becomes shorter in length the farther it is rotated, the transposition flap usually is designed 
to extend beyond the defect. A sufficient flap design is verified with a cloth template (Fig. 2-1). An interpolation flap, 
although similar in design to the rotation and transposition flaps, is rotated into a nearby but not immediately adjacent 
defect. The pedicle of this flap, therefore, must pass over or under the intervening tissue.

 18. What is a bilobed flap?
A bilobed flap is a transposition flap that consists of two flaps often designed at right angles to each other. The primary 
flap is transposed into the defect, whereas the secondary flap, usually half the diameter of the primary flap, is used to 
close the donor site (Fig. 2-2).

 19. What is a “dog ear”? How can it be eliminated?
In excising a lesion in elliptical fashion, the long axis should be four times the length of the short axis. Dog ears form at 
the ends of a closed wound when either the ellipse is made too short or one side of the ellipse is longer than the other. 
Dog ears may flatten over time, but primary correction is best. If the elliptical excision is too short, the ellipse can be 
lengthened to include the excessive tissue or the redundant tissue excised as two small triangles. If one side of the 



11Fundamental principles oF plastic surgery

incision is longer than the other, the dog ear can be corrected by making a short right-angle or 45° incision at the end of 
the ellipse with removal of the redundant tissue.

 20. When should scar revision be performed? What are the goals?
Scar revision should be performed once the scar has matured—usually 9 months to 2 years after the original procedure. 
The goals of scar revision are to reorient the scar, divide it into smaller segments, and make it level with adjacent tissue.

 21. What is a Z-plasty?
Referred to by Limberg as “converging triangular flaps,” the Z-plasty is a technique in which two triangular flaps are 
interdigitated without tension, producing a gain in length along the direction of the common limb of the Z (useful in 
the management of scar contractures) as well as a change in the direction of the common limb of the Z (useful in the 
management of facial scars).

 22. How is a Z-plasty designed?
A Z-plasty consists of a central limb, usually placed along the scar or line of contracture, and two limbs positioned to 
resemble a Z or reverse Z. The limbs must be equal in length to permit the skin flaps to fit together after transposition. 
The angles of the Z vary from 30° to 90°. The central limb, oriented along the line of contracture, usually is under 
considerable tension. After release or division of this contracture, the shape of the parallelogram immediately changes 
with spontaneous flap transposition and lengthening along the line of the central limb. Lengthening is related to the 
difference between the long and short axes of the parallelogram formed by the Z. The wider the angles of the triangular 
flaps, the greater the difference between the long and short diagonals and thus the greater the lengthening. In designing 
a Z-plasty, sufficient laxity must be available transversely to achieve the appropriate lengthening perpendicular to it. The 
limbs of the Z-plasty should follow the RSTLs (Fig. 2-3).
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Figure 2-1. A skin flap rotated about a pivot point becomes 
shorter in effective length the farther it is rotated. Therefore 
a flap should be designed to extend beyond the defect. 
(From Place MJ, Herber SC, Hardesty RA: Basic techniques 
and principles in plastic surgery. In Aston SJ, Beasley RW, 
Thorne CHM [eds]: Grabb and Smith’s Plastic Surgery, 5th ed. 
Philadelphia, Lippincott-Raven, 1997, p 22, with permission.)
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Figure 2-2. Bilobed flap. After excision of the lesion, 
the primary flap (P) is transposed into the resultant 
defect. The secondary flap (S) is then transposed to 
close the donor site defect. (From Place MJ, Herber 
SC, Hardesty RA: Basic techniques and principles 
in plastic surgery. In Aston SJ, Beasley RW, Thorne 
CHM [eds]: Grabb and Smith’s Plastic Surgery,  
5th ed. Philadelphia, Lippincott-Raven, 1997, p 23, 
with permission.)
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Figure 2-3. Classic Z-plasty using 60° angles. A, B, Flap design and elevation. C, D, Flap transposition and suture 
without tension. (From Weinzweig N, Weinzweig J: Basic principles and techniques in plastic surgery. In Cohen M [ed]: 
Mastery of Plastic and Reconstructive Surgery. Boston, Little, Brown, 1994, p 26, with permission.)
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 23. Why are angle size and limb length important in performing a Z-plasty?
The angle size determines the percentage increase in length. The original limb length controls the absolute increase in 
final limb length. As the angle size increases, the degree of lengthening increases. A 30° angle produces a 25% increase 
in length; a 45° angle, a 50% increase; a 60° angle, a 75% increase; a 75° angle, a 100% increase; and a 90° angle, a 
120% increase. Although the length increase values are only theoretical, they provide a good approximation of the actual 
lengthening. In general, the actual increase in length is slightly less than the theoretical increase.

 24. What is the optimal angle for Z-plasty design?
The optimal angle is 60°. Angles significantly less than 60° do not achieve sufficient lengthening, defeating the purpose 
of the Z-plasty and resulting in flap narrowing and vascular compromise. Angles much greater than 60° produce 
significant tension in the adjacent tissue, preventing transposition of the flaps.

 25. What are the indications for multiple Z-plasties?
A similar degree of lengthening can be produced by a single Z-plasty and multiple Z-plasties, because the total length of 
the central limbs of multiple Z-plasties can equal the length of the single Z-plasty. Multiple Z-plasties, however, produce 
less transverse shortening. Lateral tension is reduced and more equally distributed over the entire length of the central 
limbs. Multiple Z-plasties are useful when insufficient tissue is available for a large single Z-plasty. In addition, multiple 
Z-plasties of facial scars often produce cosmetically superior results.

 26. What is a four-flap Z-plasty?
A four-flap Z-plasty is an effective technique to correct thumb–index web space and axillary contractures. A 90°/90° 
angle or 120°/120° angle Z-plasty is designed. The two-flap Z-plasty is then converted to a four-flap Z-plasty by 
bisecting the angles, creating flaps that are 45° or 60°. This technique produces greater lengthening (124%) with less 
tension on the flaps.

 27. What is a double-opposing Z-plasty?
Also known as the combination five-flap Y-V advancement and Z-plasty, the double-opposing Z-plasty is particularly 
useful for releasing contractures of concave regions of the body, such as the dorsum of the interdigital web spaces and 
the medial canthal region. The central flap is advanced in Y-V fashion while the flaps of the two Z-plasties on each side 
of the central flap are transposed (Fig. 2-4).

 28. What is a W-plasty?
A W-plasty is another technique for reorienting the direction of a linear scar. Triangles of equal size are outlined on either 
side of the scar with the tip of the triangle on one side placed at the midpoint of the base of the triangle on the opposite 
side. At the ends of the scar, the excised triangles should be smaller, with the limbs of the W tapered. The tips of the 
triangles should be sutured with three-corner stitches to prevent necrosis of the flap tips.

 29. What is the main disadvantage of a W-plasty?
A W-plasty does not lengthen a contracted linear scar; a Z-plasty should be used for this purpose. A W-plasty increases 
rather than decreases tension in the area of the scar because of the necessary sacrifice of tissue and should be used 
only when there is an abundance of tissue adjacent to the scar.

 30. What is the V-Y advancement technique?
The V-Y advancement technique allows forward advancement of a triangular flap (V) without rotation or lateral movement 
and closure of the resulting defect in a Y fashion. The skin that is actually advanced is on either side of the V (Fig. 2-5).
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Figure 2-4. Five-flap Y-V advancement and Z-plasty. The central 
flap (C) is advanced in a Y-V fashion. The flaps of the two Z-plasties 
on each side of the central flap are transposed. (From Jankauskas 
S, Cohen IK, Grabb WC: Basic techniques in plastic surgery. In Smith 
JW, Aston SJ [eds]: Grabb and Smith’s Plastic Surgery, 4th ed. Boston, 
Little, Brown, 1991, p 76, with permission.)
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 31. When is a V-Y advancement flap used?
This technique is extremely useful for lengthening the nasal columella, correcting the whistle deformity of the lip, and 
closure of selected soft tissue defects. It also can be used in various other skin and mucosal flaps.

 32. What is a rhombic flap?
The rhombic flap, originally described by Limberg and often referred to as the Limberg flap, is a combination of rotation 
and transposition flaps that borrows adjacent loose skin for coverage of a rhombic defect. A rhombus is an equilateral 
parallelogram with (1) acute angles of 60° and obtuse angles of 120°, (2) long and short diagonals perpendicular to 
each other, and (3) a short diagonal equal in length to each side of the rhombus. The flap is designed as an extension of 
the short diagonal opposite either of the two 120° angles of the rhombus. The short diagonal is extended by a distance 
equal to its length. From this point, a line of equal length is drawn at 60° parallel to either side of the rhombus. Therefore 
four Limberg flaps are possible for any given rhombic defect (Fig. 2-6).

 33. Should lesions be excised to create rhombic defects?
No. Lesions should be excised as circular defects or as necessary to permit adequate excision. A rhombus 
encompassing the defect and the four possible rhombic flaps can then be drawn. The selected flap is incised and 
elevated. Wide undermining beneath the base of the flap is necessary to allow the flap to fall into position in the rhombic 
defect without tension. The initial sutures are placed in the four corners of the defect.

 34. What is the Dufourmental flap?
The Dufourmental flap is a variation of the rhombic flap in which the angles differ from the standard 60° and 120° 
angles in the Limberg flap. Although angles of 30° and 150° usually are used, angles up to 90° are possible. This 
versatile flap is useful for coverage of a defect in the shape of a rhomboid rather than a rhombus. Although the two 
terms are often used interchangeably, a rhomboid differs from a rhombus in several important respects: (1) it has 
acute angles of various degrees, (2) only opposite sides are equal in length, (3) diagonals are not perpendicular, 
(4) diagonals are not equal in length, and (5) diagonals are not necessarily equal in length to the sides of the 
parallelogram. Planning is more complex than for the Limberg flap, and it is often easier simply to convert the defect 
into a rhombus with angles of 60° and 120° (Fig. 2-7).
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Figure 2-5. V-Y advancement 
technique. The central V is advanced 
forward and the defect is closed in 
a Y configuration. (From Weinzweig 
N, Weinzweig J: Basic principles 
and techniques in plastic surgery. In 
Cohen M [ed]: Mastery of Plastic and 
Reconstructive Surgery. Boston, Little, 
Brown, 1994, p 26, with permission.)
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Figure 2-6. Rhombic flap. A, Flap design. B, Elevation of flap with wide undermining of the base to allow transposition. C, Suture 
of the flap without tension. (From Weinzweig N, Weinzweig J: Basic principles and techniques in plastic surgery. In Cohen M [ed]: 
Mastery of Plastic and Reconstructive Surgery. Boston, Little, Brown, 1994, p 26, with permission.)
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AnesthesiA For plAstic surgery 3

 1. What is the maximal dose of lidocaine that can be safely used for local anesthesia?
Lidocaine probably is the most commonly used local anesthetic agent. The maximal safe dose is 4 mg/kg. The addition 
of epinephrine to the anesthetic solution (usually in a 1:100,000 concentration), which slows the absorption of lidocaine 
due to local vasoconstriction, allows a maximal dose of 7 mg/kg.

Although the above answer has typically been given, some anesthesiologists prefer not to discuss a single maximum 
dose. Where the block is administered plays a significant role in the amount and rate of absorption and, therefore, the 
risk of systemic toxicity. For example, the risk of developing systemic toxicity is greater with the same dose of local 
anesthetic with an intercostal block versus a peripheral nerve block.

 2. Which nerves exit the skull through foramina that lie in a sagittal plane?
The supraorbital, infraorbital, and mental nerves exit the skull along a straight line, approximately 2.5 cm from the 
midline of the face, which includes the pupils of the eye in a midgaze position. The ability to identify these nerves by 
surface anatomy is crucial to performing successful regional blocks of the face. Aspiration prior to instillation of an 
anesthetic agent is always advisable to avoid intraarterial injection.

 3. How can the forehead and upper eyelid be blocked to permit excision of a large lipoma?
Regional blocks of the supraorbital and supratrochlear nerves provide effective anesthesia of the forehead area. The 
supraorbital nerve (V1) emerges from the supraorbital foramen to supply sensation to the upper eyelid, conjunctiva, 
forehead, and scalp as far posteriorly as the lambdoid suture. The supratrochlear nerve emerges from the medial aspect 
of the supraorbital rim to supply the medial aspect of the forehead, upper eyelid, skin of the upper nose, and conjunctiva. 
A supraorbital nerve block is performed by inserting the needle just under the midportion of the eyebrow while palpating 
the foramen and injecting 2 to 3 mL of 1% lidocaine with epinephrine. A supratrochlear nerve block is performed similarly 
except that the needle is inserted in the medial portion of the orbital rim just lateral to the root of the nose. Both nerves can 
be blocked by infiltration along a horizontal line extending 2 cm above the eyebrow from the lateral orbital rim to the midline.

 4. Which nerve provides sensation to the lower eyelid and upper lip? How can it be 
blocked?
The infraorbital nerve (V2), after emerging from the infraorbital foramen, divides into four branches: the inferior palpebral, 
external nasal, internal nasal, and superior labial nerves. They supply the lower eyelid and upper lip as well as the 
lateral portion of the nose and ala, cheek, and mucous membranes lining the cheek and upper lip. Regional block of 
the infraorbital nerve is performed by first palpating the infraorbital foramen or notch along the infraorbital rim, which 
should lie below the midline of the pupil with the eye in a straight forward gaze. Instillation of 2 to 5 mL of 1% lidocaine 
with epinephrine at this site provides excellent regional anesthesia for 60 to 90 minutes.

 5. How can the lower lip be anesthetized to permit excision of a basal cell carcinoma?
The mental nerve provides sensation to the lower lip and the submental cutaneous area. This nerve can be blocked 
transorally or transcutaneously as it exits the mental foramen. It can be palpated just below and posterior to the first 
premolar tooth 1 cm below the gum line. Intraorally the needle can be inserted into the mucous membrane between 
the bicuspids at a 45° angle, aimed toward the apex of the root of the second bicuspid, and advanced until bone is 
contacted. The needle is withdrawn 1 to 2 mm, and 2 to 3 mL of lidocaine is injected. An additional 0.5 to 1.0 mL of 
lidocaine can be injected once the foramen is located.

 6. How can the masseter muscle be relaxed in cases of trismus?
A mandibular nerve (V3) block can be performed as the nerve exits the foramen ovale by inserting the needle into the 
retromolar fossa at a point parallel to the mandibular tooth at a 45° angle. The needle is advanced to the posterior 
wall of the mandible, and the injection is instilled. This block anesthetizes the buccal, auriculotemporal, lingual, inferior 
alveolar, and mental nerves, providing adequate surgical anesthesia for the lower face, mandible, mandibular teeth to 
the midline, and anterior two thirds of the tongue for 60 to 90 minutes.
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 7. How can adequate regional anesthesia of the nose be obtained before performing a 
rhinoplasty?
Regional anesthesia of the external nose can be obtained by blocking the infratrochlear, infraorbital, nasal palatine, 
and external nasal nerves. The block is performed by injecting 5 to 10 mL of lidocaine with epinephrine along a line 
that begins at the nasolabial fold, continues just lateral to the ala and along the base of the nasal sidewall, and finally 
advances toward the radix on each side of the nose. Regional anesthesia of the internal nose can be obtained by 
blocking the inferior posterior nasal, nasopalatine, and superior posterior nasal nerves as well as the branches of the 
ethmoidal nerve. The block is performed by placing small cotton applicators dipped in a solution of 4% cocaine directly 
on the areas or by packing the nose with plain gauze dipped into the cocaine solution.

 8. How can a regional block of the external ear be obtained before performing an 
otoplasty?
The external ear is supplied by the auriculotemporal nerve anteriorly and by the great auricular and lesser occipital 
nerves posteriorly. A satisfactory block can be achieved by infiltrating the anesthetic solution (usually 1% lidocaine 
with epinephrine) around the ear in a ringlike fashion or by using a diamond-shaped pattern that encompasses the ear 
anteriorly and posteriorly.

 9. Just before an augmentation mammoplasty, bilateral intercostal nerve blocks are 
given with 30 mL of a 1% Xylocaine solution. The patient soon appears agitated and 
her pulse increases. What is the most likely cause?
Sudden changes in the status of the patient are always a cause for concern. In this situation the most worrisome 
possibility is a pneumothorax. Intercostal blocks are administered close to the pleura. Even a small increase in the depth 
of the penetration may result in injury to the lung. However, the most likely cause of the symptoms is lidocaine toxicity. 
Several areas of the body, including the intercostals areas, have a high degree of vascularity and are known to have 
a much faster uptake of local anesthetics. The proximity of the intercostal vessels to the point of injection frequently 
results in a more rapid systemic uptake than expected. One way to avoid this problem when administering a large dose 
is to fractionate it. Give 5 to 10 mL at a time, shading the lower dose with the longer-acting amide local anesthetics 
(e.g., bupivacaine). Recognizing the situation early on by consistently asking the patient how he or she is doing is 
essential. If there is any change in the patient’s status during the administration, immediate cessation of the local 
administration is necessary. A small dose of a benzodiazepine or propofol (if an anesthesia care provider is available) 
can abort most central nervous system (CNS) reactions.

 10. How long should a patient fast before surgery?
The tradition of nothing to eat or drink after midnight the night before seems to have few objective merits. For adults, 
several studies have shown that solid foods should not be given within 6 hours of surgery but that clear liquids can be 
given up to 3 hours before surgery. However, some believe that if a large meal has been eaten the night before, 6 hours 
may not be enough. For infants, reasonable amounts of fluids up to 3 hours before surgery seem safe. Several hours of 
fasting before surgery does not seem to decrease the amount of gastric contents or to increase the pH of the gastric 
fluid. It does significantly increase the discomfort of the patient. Prophylaxis against aspiration is of merit in high-risk 
patients but is not universally beneficial.

 11. Why does skeletal muscle contract if stimulated when d-tubocurarine is used as the 
paralyzing agent in anesthesia?
d-Tubocurarine blocks muscle contraction by acting as a nondepolarizing agent. As such, it blocks nerve transmission at 
the neuromuscular junction. It does not block direct muscle stimulation by an electrical stimulus such as electrocautery. 
If complete cessation of muscle contraction is needed, succinylcholine should be used because it depolarizes the 
muscle and keeps it depolarized.

 12. Twenty-four hours after suction-assisted lipectomy of the abdomen and upper thighs, 
a patient has become confused and somewhat disoriented. She has a petechial rash 
over the shoulders and anterior chest. Is she possibly allergic to the pain medication?
This presentation is unusual for an allergic reaction to a medication. However, it is a relatively classic presentation for 
fat embolism. A fat embolism involves the blockage of small vessels by small globules of fat. It is seen most commonly 
after long bone fractures but also may be seen under other circumstances, such as after liposuction. Two theories 
address the mechanism. A physiochemical change in the circulating lipids (chylomicrons) may cause them to clump and 
form microemboli (fat droplets). The second theory states that the trauma from pressure or injury allows small veins 
to rupture and fat to enter directly through the area of injury. The emboli lodge in small-caliber vascular structures; 
first the lungs, then the brain and kidneys. Although the cerebral manifestations are often the first noticed (confusion, 
lethargy, disorientation, delirium, and occasionally coma and stupor), the primary problem results with the lungs. The 
diagnosis should be made quickly. It depends on prompt recognition of a pattern of pulmonary, cerebral, and cutaneous 
manifestations. Emboli may appear in retinal vessels. Other abnormalities may include a drop in hemoglobin level and 
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an electrocardiographic (ECG) pattern of myocardial ischemia and right ventricular strain. Lipuria may occur later. Serum 
lipase elevation occurs in half of patients but may not be evident for several days and reaches its height on day 7 or 8.

Once the diagnosis is made, prompt treatment should include vigorous resuscitative measures, splinting of any 
fractures, intensive pulmonary care, oxygen, positive and expiratory pressure (positive end-expiratory pressure [PEEP]), 
intermittent positive pressure breathing, and consideration of digitalization. Corticosteroids usually are recommended 
(approximately 100 mg every 6 hours). Often low-dose heparin is given to increase lipase activity (25 mg every 6 
hours).

 13. What are the appropriate preoperative preparations and intraoperative and 
postoperative considerations for a patient with possible sickle cell disease who is to 
undergo hand surgery?
Before surgery the patient should be well hydrated. Preoperative transfusions are indicated only if blood loss has been 
massive or the hematocrit level is below 20% (hemoglobin less than 7 g/100 mL). Patients with sickle cell disease 
normally tolerate hematocrit levels of 25% to 30%.

During surgery the patient should be well oxygenated. Inspirated oxygen concentrations of 40% to 50% are adequate. 
Ideally, the patient should be preoxygenated. In addition, the body temperature should be kept normal. Hypothermia 
may promote sickling. Many sources advise against the use of tourniquets. However, tourniquets have been safely used 
without evidence of sickling or precipitation of a crisis. If the patient is well hydrated and well oxygenated, tourniquets 
are safe. Postoperatively the same principles apply.

Sickle cell crisis is treated with bed rest, hydration, oxygenation, analgesics, sodium bicarbonate for acidosis, and 
possibly transfusions.

 14. What are the anesthetic considerations for repair of a trochanteric decubitus ulcer in 
the lateral position?
During surgery, the position of the patient causes several changes that may be important to the surgeon. In the lateral 
decubitus position, blood pools in the lower or dependent portion. Pooling may be worsened if the patient also is 
paraplegic because autonomic regulation of the circulatory system is less effective. In addition, the lateral position limits 
expansion of the lungs by restricting chest movement. As the dependent lung is compressed, a ventilation/perfusion 
mismatch occurs, causing increases in physiologic dead space and carbon dioxide retention. Hypoxemia may result. The 
usual treatment is PEEP.

 15. A patient vomits and aspirates during induction of anesthesia. What is the 
appropriate treatment?
Immediately upon consideration of aspiration the patient should be tilted to a head-down position, which allows 
residual gastric contents to drain. The mouth and pharyngeal regions should be suctioned, and endotracheal intubation 
should be performed immediately. Suctioning through the endotracheal tube should precede administration of positive 
pressure oxygen. After endotracheal suctioning, 100% oxygen should be given. The insertion of a nasogastric tube 
should be prompt, and the pH of the aspirate should be determined. The specific pH level is 2.5. A pH above 2.5 yields a 
physiologic response that is not much different from aspiration of water. A pH below 2.5 significantly increases the risk 
of aspiration pneumonia. A pH below 1.5 involves significant risk of pulmonary damage.

Possibly the earliest sign of significant aspiration is hypoxia. If blood gas analysis shows any element of hypoxia, 
positive pressure ventilation should be instituted immediately. Adjunctive measures such as antibiotics and steroids 
have been proposed. Prophylactic antibiotics are not currently recommended. The use of corticosteroids remains 
controversial.

 16. What preoperative instructions should be given to a 10-month-old child before cleft 
lip repair?
In the past, the policy was avoidance of oral ingestion for 8 hours. However, studies of younger children show that 
giving clear fluid to infants up to 3 hours before surgery is safe. This principle applies at least through adolescence. 
Preoperative sedation is possible and sometimes helpful; a typical agent may be Versed 0.5 mg/kg orally or 
pentobarbital 5 mg/kg. For children younger than 12 months, the problem of separation anxiety is minimal, and sedation 
probably is unnecessary.

Intraoperatively the use of lidocaine and epinephrine as a local injection is helpful. Large doses of epinephrine are not 
recommended for patients under halothane anesthesia. With the introduction of sevoflurane, the use of halothane has 
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greatly diminished. Sevoflurane is a much less arrhythmogenic agent than halothane, and its usage with epinephrine is 
much safer. In addition, the maximal dose of epinephrine, 10 mg/kg, is rarely exceeded because of the small volumes 
required. Usually, a 1-mL total of injection solution is adequate.

 17. What is the critical anesthetic problem in a patient with cleft palate? How is it 
managed?
Establishment and protection of the airway are the key issues in repair of the cleft palate. During intubation and 
positioning, frequently with the head and neck hyperextended, maintenance of the airway is crucial, along with 
meticulous attention to positioning of the endotracheal tube. Postoperative attention should be given to monitoring for 
airway obstruction, bleeding, and respiration obstruction. Airway obstruction secondary to edema is possible. Significant 
blood loss may occur with repair of the palate, considering the size of the child. The requirement of blood transfusion 
is unusual, but blood loss up to 200 mL has been reported. Postoperatively careful attention to airway monitoring 
and careful suctioning of the pharynx are necessary. Some physicians recommend placement of a traction suture in 
the tongue in case posterior obstruction due to the tongue occurs. Use of an oral or a nasal airway is contraindicated 
because of the significant risk of disrupting the surgical repair. Either a lateral or prone position with the patient’s head 
turned to one side and dependent is believed to be optimal. This position is easily achieved by placing a small towel or 
blanket under the child’s hips.

 18. A 10-year-old girl is scheduled to undergo a bilateral otoplasty for prominent 
ears. The parents are concerned because an uncle died during anesthesia several 
years ago. During the course of anesthesia the patient develops tachycardia, 
early cyanosis, and some increased rigidity in the muscles. What are the probable 
diagnosis and appropriate treatment?
Preoperative consideration of possible malignant hyperthermia is necessary. The family history of an anesthetic death 
is important. Approximately one third of cases of malignant hyperthermia occur in patients who had previous uneventful 
anesthesia.

Malignant hyperthermia is a clinical syndrome characterized by accelerated metabolism, which usually manifests as 
tachycardia, cyanosis, sweating, rigidity, blood pressure abnormalities, and an increase in end-tidal CO

2. Only 30% of 
patients display an increase in temperature. When elevated, temperature commonly rises as high as 42°C to 43°C. The 
family history frequently is positive for musculoskeletal abnormalities.

If possible, anesthesia should be performed using propofol or occasionally barbiturate sedation and local anesthetics. 
Both ester and amide local anesthetics are safe. All inhalation anesthetics, except nitrous oxide, are considered unsafe. 
Curare and phenothiazines are controversial. Most other drugs, including antibiotics, propofol, barbiturates, opiates, 
antipyretics, and antihistamines, are considered safe.

If malignant hyperthermia is suspected during surgery, all anesthetics should be stopped and 100% oxygen should be 
administered. The patient should be hyperventilated, good access should be obtained for monitoring of central venous 
pressure, and an arterial line should be inserted. Dantrolene sodium should be administered at a dose of 2.5 mg/kg. This 
initial dose may be supplemented with 1-mg boluses to a total of 10 mg/kg. Rapid cooling should be initiated for core 
temperatures above 40°C. Acidosis and hyperkalemia should be treated (sodium bicarbonate 2 mEq/kg). Arrhythmias 
usually respond to procainamide (15 mg/kg). Cardiorespiratory support and monitoring should be available.

Postoperatively, coagulopathy, renal failure, hypothermia, pulmonary edema, hyperkalemia, and recurrence are possible. 
Dantrolene should be given for approximately 3 days after the attacks. In addition, the family and patient should be 
counseled about the event and its significance.

Questioning the family about the death of the uncle under anesthesia is both appropriate and necessary. If there is a 
consideration of malignant hyperthermia, then a nontriggering technique should be used to anesthetize the patient. This 
involves using either propofol or pentothal and a nondepolarizing muscle relaxant (anything but succinylcholine) for the 
initial induction and intubation. A continuous intravenous technique with nitrous oxide and oxygen should be used for 
maintenance of anesthesia. A propofol infusion with small amounts of narcotic along with generous local infiltration by 
the surgeon should suffice for amnesia and analgesia. The key drugs to avoid are succinylcholine and all of the volatile 
anesthetic agents (this does not include nitrous oxide).

 19. Why is sodium bicarbonate sometimes added to local anesthesia?
Local anesthetics are used in a balanced solution between ionized and nonionized forms. The nonionized form goes into 
the nerve tissue more rapidly. Alkalinization of the solution changes the concentration of the nonionized form and 
thereby increases the rapidity of onset and effectiveness. Appropriate doses of sodium bicarbonate are 1 mEq per  
10 mL of lidocaine and 0.1 mEq per 20 mL of bupivacaine.
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 20. A patient with 25% total body surface area burn is taken to the operating room for 
tangential excision and grafting of burn wounds 2 weeks after injury. During induction 
of anesthesia, succinylcholine is given as a muscle relaxant. The patient begins to show 
cardiac irregularities, and the procedure is terminated. What is the probable cause?
Although the exact mechanism of this response is somewhat unclear, a profound release of potassium from 
muscle has been well documented in burn patients after administration of succinylcholine. An increased number 
of muscle receptor sites for acetylcholine has been documented in burn victims. The agonist to acetylcholine, 
succinylcholine, may be responsible for the massive and sometimes fatal release of this potassium. This response 
has been documented almost 1.5 years after the burn. For this reason, succinylcholine is not recommended as a 
muscle relaxant in burn patients for up to 2 years after the injury. Nondepolarizing relaxants, such as d-tubocurarine, 
pancuronium, atracurium, and vecuronium, are recommended but show a variable response in burn patients. Although 
these agents are generally considered safe, patients may show variable degrees of resistance. Monitoring with a nerve 
stimulator is important.

 21. During tangential excision of a 30% full-thickness burn, a patient begins to become 
hypotensive. What are the most likely causes?
Burn wound débridement, although relatively straightforward from a surgical point of view, involves complex anesthetic 
concerns. The patient is metabolically unstable because of the severe injury. Strict attention to fluid and electrolytes 
is required. A massive amount of fluids can be lost not only through the burn itself but also through the exposure of 
injured skin and the heating effect of the dry air in the room. Underestimation of fluid loss is common. In addition, the 
possibility of sensitivity to medications should be considered. In burn patients, one of the most common sensitivities 
is transfusion reaction. Administration of blood intraoperatively is routine, but a hemolytic-type reaction may occur 
when incompatible blood is administered. Although rare because of high blood bank standards, this problem still 
occurs. In awake patients, signs include hypotension, fever, chills, shortness of breath, and pain. However, under general 
anesthesia the only sign is unexplained hypotension. Documentation of free hemoglobin in the urine is helpful, but 
response to the hypotension takes precedence.

Treatment consists of cessation of surgery and of all blood products, hydration, vasopressors, and inotropic agents, 
if necessary. Urine output should be maintained by rapid administration of fluids, and diuretics such as mannitol and 
loop agents should be considered. Historically, sodium bicarbonate has been proposed. The rationale is that alkalinized 
urine improves the solubility of the hemoglobin and its breakdown components. The actual value of this strategy 
has been poorly documented. Another possible cause of hypotension during anesthesia is the overadministration of 
narcotics and sedatives. The proper anesthetic protocol in a burn patient always consists of careful, slow titration of 
agents.

 22. What is the maximal amount of bupivacaine (Marcaine) that can be safely added 
to 50 mL of 0.5% Xylocaine in an intravenous regional anesthetic for the upper 
extremity to prolong duration of action?
None. The long action of bupivacaine on skeletal muscle results in significant risk of cardiotoxicity if it is given 
intravenously. Although there are a few anecdotal reports of its use, intravenous injection is absolutely contraindicated. 
The only local anesthetic used for intravenous regional anesthesia or Bier block is 0.5% lidocaine.

 23. A 63-year-old man is scheduled to undergo general anesthesia for extensive 
resection of an oral cancer 4 months after having a myocardial infarction. Should 
surgery be delayed?
This is a difficult problem. Multiple studies have consistently shown that perioperative morbidity, reinfarction, and 
mortality are significantly greater if general anesthesia is used within 6 months of myocardial infarction. The general 
status of the patient as well as the status of his cardiac disease should be evaluated. If the patient can climb stairs 
and perform simple exercises without becoming short of breath, demonstrating cardiac arrhythmia, developing chest 
pain, or having significant symptoms, he may be considered for surgery if medically necessary. On the other hand, the 
presence of any of the above signs or symptoms is significant. Also important are the expertise of the anesthesiologist 
in dealing with cardiac patients and the severity and duration of the procedure. Many anesthesiologists in this situation 
would like to see the results of a preoperative stress test. Although this surgery must be done sooner rather than later, 
a negative stress test gives some level of comfort, whereas a positive stress test typically would be followed with a 
cardiac catheterization. If any of these tests was performed post myocardial infarction, repeating them would not be 
necessary.

 24. When is it usually considered safe to discharge a patient after outpatient surgery 
under general anesthesia?
Each facility establishes its own criteria, but they usually include stable blood pressure and pulse, respirations within 
20% of preoperative values, alert and oriented mental status, and steady gait with minimal or no assistance. Also 
important are absence of active bleeding, controllable pain, minimal nausea, and discharge with an appropriate, 
trustworthy adult. Importantly, a minimal time requirement is not necessary.
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25. Does the length of anesthesia increase the risk of complications?
Actual data on this subject are few. What has been shown is that, other factors being similar (type of procedure, blood 
loss, etc.), a 4- or 5-hour procedure does not seem to have more complications than a 2-hour procedure. Extremely long 
procedures may have an increased risk. Few plastic surgical procedures last longer than 4 to 6 hours. Surgeries over 8 
hours usually are the result of combining multiple procedures. The surgeon may wish to consider serial procedures on 
separate days. Although at present information is insufficient to rigidly set a standard for the length of surgery, safety 
should always be first on the list of surgical judgment.

 26. If the usual “safe” dose for lidocaine administration is 7 mg/kg, how much can 
“safely” be given during a suction-assisted lipectomy in tumescent fluid?
In spite of the fact that suction-assisted lipectomy is now the most common plastic surgical procedure performed in 
the United States, approaching nearly half a million cases annually, the answer is not known! It is true that instillation 
into the poorly vascularized fat layer delays absorption and thus increases the amount that can be given. However, this 
absorption continues many hours after termination of the procedure and often increases for nearly 24 hours. In addition, 
lidocaine is metabolized in the liver. Alternatives in hepatic blood flow or uptake may delay the process of metabolism. 
The principal lidocaine metabolite, monoethylglycinexylidide, is pharmacologically active and has the potential for 
antiarrhythmic and convulsant reactions. Drug interactions that delay metabolism are possible.

Thus, although current recommendations are 10 to 50 mg/kg, it seems a prudent surgeon would use the minimum 
amount that is effective. The surgeon should be aware of the signs and treatment of lidocaine toxicity and should be 
very aware that these signs may occur hours after termination of the procedure.

 27. Are there any dietary supplements that may interact with anesthesia?
The short answer to this is yes. Many dietary supplements have been shown to have an effect on surgery, modifying 
immunity, bleeding, cardiac response, hepatotoxicity, glycemic response, and some sedation agents. However, there are 
no supplements that would normally be “allowable” for surgery but not for anesthesia, so the use of supplements (e.g., 
Echinacea, ephedra, ginger, ginseng, hawthorn, kava kava, licorice, St. John’s wort, yohimbine) should be avoided. This 
is only a partial list, and surgeons should recognize that an increasing number of supplements are being found to affect 
surgery and anesthesia.

 28. A patient undergoes outpatient suction-assisted lipectomy of the abdomen and 
bilateral thighs. A volume of 3500 mL is removed. The patient calls, complaining of 
significant pain. What are the concerns?
Any unexplained symptom or sign should be a concern for the surgeon. Concerns about vascularity, intraperitoneal 
perforation, hematoma, and poorly placed dressings, padding, and binders are relevant. Liposuction with removal of 
relatively small volumes usually is tolerated well. Larger-volume liposuction (generally defined as greater than 3000 mL) 
usually is painful postoperatively. Strong consideration for overnight observation is recommended for any patient who 
has undergone treatment of several areas, has aspirated volume greater than 3000 mL, or has any predisposing risk 
factors or intraoperative concerns.

The real question is monitoring. Complications can arise. Release of local anesthetic/tumescent fluid systemically can 
cause symptoms such as tinnitus, excitation, dizziness, a metallic taste, and occasionally chest pain and cardiac rhythm 
problems (bradycardia). Lidocaine is very rapidly metabolized, and treatment of any systemic leakage is rarely required.
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Tissue expansion 4

 1. Is controlled tissue expansion a new concept?
No, it is not. Physiologic tissue expansion occurs in pregnancy and weight loss. The custom of soft tissue expansion of 
the earlobes, nose, lips, and other body parts has been practiced by primitive tribes for ages. In this century, Dr. Charles 
G. Neumann of New York was the first to carry out a controlled expansion of periauricular skin using a subcutaneous 
balloon filled with air. This work was reported in 1956, published in 1957, and then forgotten. Soft tissue expansion 
entered plastic and reconstructive surgery through the efforts of the late Dr. Chedomir Radovan. Reviewers resisted his 
idea, and it took 3 years to get his discovery on a national program. His design of a silicone elastomer envelope with 
a remote self-sealing injection port became the first standard device for tissue expansion. Periodic injections of saline 
were used to distend the overlying tissues to create flaps for reconstructive surgery.

 2. Where does the expanded skin come from?
Austad and Pasyk addressed this question. Both short-term immediate factors and long-term changes yield an increase 
in dimension. In the short term, pressure forces interstitial fluid out of the tissues and causes microfragmentation of 
elastic fibers, allowing greater expansion of the skin. Viscoelastic deformation and changes in alignment of collagen, 
termed “creep,” and recruitment of adjacent mobile soft tissue also contribute to the arc of skin over a tissue expansion. 
Long term, however, it is not just stretching but actual growth of the skin flap that occurs with an increase in the area of 
skin and the collagen content and ground substance as dimensions increase.

 3. What physiologic changes occur in the skin during “creep”?
Baker summarized theses changes as dehydration of tissue, microfragmentation of elastic fibers, increasingly parallel 
alignment of random collagen fibers, and adjacent tissue migration in the direction of the vector force.

 4. What is the body’s response to the expander?
A fibrous connective tissue capsule forms around the expander as the tissues react to a foreign body. Expansion 
elicits angiogenesis with an increase in vascularity, particularly at the junction of the capsule and the expanded 
tissue. When an expander is removed, the expander capsule rapidly thins. In the cases of breast reconstruction, 
the tissue expander capsule can be altered, incised, or removed to give the reconstructed breast its optimal 
shape. It may be advantageous to include the expander capsule in the flap at the time of transfer due to its 
contribution to the flap blood supply. Due to the excellent vascularity of the capsule, it can be dissected and used 
as a local or free flap.

 5. What happens to the cellular growth and mitotic index of expanded skin?
Stretch-induced cellular growth initiates interaction of several integrated biochemical cascades that include growth 
factors, cytoskeleton structures, and protein kinases. The mechanical strain triggers deoxyribonucleic acid (DNA) 
synthesis and cellular proliferation. In tissue culture, 20 to 30 minutes of stretch is enough to initiate a round of DNA 
synthesis and cellular mitosis. The mitotic rate of skin has been demonstrated to increase with the application of 
tension. When the expander beneath expanded skin is deflated, the mitotic index falls to a subnormal level. This finding 
is thought to be consistent with clinical observations of skin contraction with weight loss and flattening of dog ears 
after surgery.

 6. What is the effect of expansion on blood flow in the tissues over the expander?
Laser Doppler flowmetry and transcutaneous oxygen monitoring have documented decreased tissue circulation in 
response to an increase in pressure in the expander. Over time, this mild ischemia results in augmentation of blood flow 
in the expanded tissue similar to the changes associated with flap delay. In our studies, the flow in a critical flap was 
doubled when measured with microsphere perfusion experiments. Expanded skin flaps survive to a length at least equal 
to that of a delayed flap. Histologic studies have demonstrated a new network of vessels just above the capsule. These 
vessels involute with time after expander removal.
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 7. What histologic changes occur with expansion?
Histologic changes of note are thinning of the dermis with eventual collagen realignment and deposition. The 
epidermis shows definite thickening. Fat may be compressed and, if subjected to high pressure, may atrophy.  
Thin muscles, such as the frontalis, also may suffer the same injury. Skin appendages are relatively unaffected. 
The hair follicles are moved apart by large scalp expansions and their telogen phase is shortened. Bone may show 
resorption at the outer cortical surface. Typically this defect is repaired and a normal contour restored after removal 
of the expander.

 8. Can the expander envelope rupture because of the internal expander pressure?
No. The expander envelope cannot rupture even when the patient lies on the expander. The expander is contained 
and supported by a tough collagen capsule surrounding the expander. The capsule limits expansion and supports the 
elastomer envelope when external pressure is placed on the expander mound.

 9. What limits the rate of expansion?
The rate of expansion is limited by the relaxation and growth of the tissue overlying the expander. Pain is an important 
signal and must be avoided at all times. There should be absolutely no pain during the process of expansion. Prior 
radiation and scar formation may slow expansion or make it impossible. Tissue undergoing expansion must have the 
capacity for growth. Some tissues elongate more slowly than others and may limit the rate of expansion. Peripheral 
nerves do not tolerate pressure of more than 40 mm Hg for sustained periods, and if a nerve is located in the expanded 
flap, or even immediately under an expander, paresthesias may slow the rate of inflation.

 10. What expanders are available?
Expanders come in a wide variety of sizes and styles. They may be small, perhaps a few cubic centimeters in size, or 
designed to hold a liter or more. The devices may be fitted with a remote injection port or a port integrated into the 
envelopes themselves. The envelopes may be bonded to stiff backers or have no stiff back. The expanders may be 
round, rectangular, oval, or crescent shaped (the croissant expander). A design with an adjustable base that allows the 
surgeon to fit the expander to the defect is available. The envelope may be of uniform thickness and compliance or may 
be constructed to expand differentially or directionally. The envelope may be smooth or textured on its outer surface. 
Although expanders can be of variable shapes depending on the characteristics of the defect, the width of the expander 
base ideally should approach at least twice the width of the defect.

 11. Does a textured surface on an expander make a difference?
Although some authors suggest that using an expander with a textured surface is beneficial in terms of less patient 
discomfort and easier expansion, in at least one double-blind prospective study, no benefit was demonstrated. There is 
evidence that an expander with a textured surface may be less likely to migrate. We have not found a textured surface 
to be of benefit in the process of expansion. When capsular histology was compared, no differences were observed 
when one side of a symmetric expander was textured and the other side was smooth.

 12. What are the new osmotically active hydrogel expanders?
Self-filling osmotic tissue expanders, which contain osmotically active hydrogel N-vinyl-2-pyrrolidone and modified 
copolymer methylmethacrylate was developed by Wiese and produced by Osmed in Elman, Germany. With the 
 first-generation osmotically active hydrogel expander that was devised without an investing silicon membrane, a 
good final result was achieved in 81.5%. The second-generation expander has a silicone membrane with small 
pores enclosing the osmotic hydrogel. With this membrane controlling expansion speed and accurately defining the 
final volume, the success rate of expansion was 91%. Once the expander is implanted, the swelling phase usually 
continues for 6 to 8 weeks. It has been successfully used in delayed breast reconstruction, tubular breast correction, 
and coverage of defects after excision of tumors, scars, burns, and alopecia.

 13. In breast reconstruction after mastectomy, what is the most significant advantage of 
self-filling osmotic tissue expanders over conventional tissue expanders?
The incidence of infection may be decreased because the technique does not rely on external fillings. The small risk 
of deflation also is decreased, and any pain of injections is obviated. As with conventional tissue expander breast 
reconstruction, self-filling osmotic expanders require submuscular placement, 40 to 60 days for filling, and subsequent 
replacement with a permanent prosthesis in four to six months. Although anatomically shaped osmotic expanders are 
available, they are prone to rotation with inferior reconstructive results.

 14. What are the advantages of the various designs?
Expanders with integrated valves are often used for breast reconstruction. They are especially useful in the head 
and neck because no dissection of a pocket for the remote port is required. Differential expansion is used in the 
design of breast reconstruction devices because more tissue is needed at the lower pole of the reconstruction site 
than in the upper infraclavicular area. The croissant expander is well suited for reconstruction of defects on flat or 
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cylindrical surfaces. The defect is half surrounded by the expander, allowing better geometry of expansion with the 
largest expansion developed in the line of greatest advance. The newer adjustable base croissant allows the surgeon 
to fit the expander to the defect so that it will lie flat and be positioned to best prepare the expanded flap needed for 
reconstruction.

 15. What are the options for port placement?
Expander ports can be remote or integrated in the expander. Remote ports can be placed atop the edge of an expander 
if desired; this technique effectively simulates the convenience of an integrated injection port. External port placement 
was pioneered by Ian Jackson and offers advantage in pediatric patients. It decreases the amount of intraoperative 
dissection, shortens operative time, and makes expansions simpler and painless. Complication rates from 5.6% to 
17.6% have been described and are believed to be equivalent to the rates associated with standard internal port 
techniques.

 16. How many times can an expander be used?
Many times, but not in North America. The expander devices available in the North American market are extremely well 
engineered. The U.S. Food and Drug Administration (FDA) has specified that the devices are meant for single use. It is 
our practice to save expanders after their removal. They are washed and wrapped, then sterilized and sent to surgeons 
and plastic surgery units in the developing world where they are reused many times.

 17. What areas are especially suitable for soft tissue expansion reconstruction?
The scalp and breast are especially well suited to reconstruction using soft tissue expansion. Although many nasal 
reconstructions do not require expansion, total nasal reconstruction is made straightforward when the forehead is 
expanded before raising it as a flap. An expanded forehead flap provides complete nasal lining and allows immediate 
closure of the donor site. The capsule and frontalis in the area turned inward to form the alar rims must be removed to 
allow a thin, aesthetic reconstruction.

 18. Where is it difficult or even inadvisable to use tissue expansion?
Defects of the central face seldom require expansion. The bathtub deformity in the facial fat is an untoward outcome, 
even if temporary. The hands and feet are seldom rewarding sites for expansion. The neck remains one of the most 
frustrating sites for expansion. If soft tissue is needed for neck and/or face reconstruction, the best strategy is to expand 
the supraclavicular skin and turn it up as a large flap. The amount of tissue created by expansion on the neck is almost 
always overestimated because of the natural concavity under the jaw line. Upward advancements over the jaw line are 
frequently disappointing in outcome.

 19. What are contraindications and relative contraindications to soft tissue  
expansion?
Contraindications include expansion near a malignancy, under a skin graft, under very tight tissue, near an open leg 
wound, or in an irradiated field. Relative contraindications include expansion near an open wound (not in the leg), near a 
hemangioma, under an incision, or in a psychologically incompetent patient.

 20. Can tissue expansion be used in reconstruction of soft tissue defects following 
excision of malignancy?
Non–breast tissue expansion has a limited role in an irradiated field and probably should not be used if preoperative 
radiation was used or if radiation was used locally in the past and tumor recurred locally. For nonirradiated tumors, 
tissue expanders can be placed at the time of tumor excision after the margins are known to be free of tumor through a 
remote incision, and the defect can be covered with a skin graft as the first-stage reconstruction. After healing has been 
achieved, tissue expansion is performed, followed by expander removal and flap advancement.

In the case of breast reconstruction, expansion is quite effective if the dose of delivered radiation was about  
5000 cGy. The tissues are notably stiffer after doses of 5000 to 6000 cGy, and if the dose of radiation exceeded 
7000 cGy, tissue expansion is very apt to be unrewarding.

 21. What factors should be considered when selecting a patient for tissue expansion?
Not every patient is a suitable candidate for the use of soft tissue expansion as a reconstructive technique. The patient 
must understand that two operations are required, that the temporary deformity may be inconvenient and hard to 
disguise, and that it is impossible to say exactly when the expansion will be complete. Patients must understand that 
the process must be afforded the time required to generate the tissue necessary for reconstruction. Patients who 
specify that the expansion must be completed over the summer are imposing limitations on the technique and may be 
disappointed when the actual advancement falls short of the goal. All patients should be counseled that two expansions 
may be required.
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 22. Where should the expanders be placed?
Expanders should be placed under tissue that best matches the lost tissue; similar tissue yields the best reconstruction. 
Normal landmarks must not be distorted. For example, the eyebrow should not be undermined and moved. It is of 
paramount importance that the surgeon ask, “Where do I want the final scar to lie?” The reconstruction should begin 
with the goal of imposing a minimum of scars. Vascular territories and patterns of innervation should be preserved 
whenever possible.

 23. Where do you place the incision for a tissue expander insertion?
Where to place the incision for expander insertion is somewhat controversial. Some authorities argue for a remote 
incision. Some assert that the incision should be oriented radially to the edge of the expander. We believe that the 
best incision is usually placed at the edge of the defect. The scar in this position will be removed at the time of 
advancement of the expanded flap. If the defect to be replaced is a nevus, the incision should be placed entirely within 
the nevus so that the normal skin is not scarred. The reader is reminded of the question, “Where do I want the final scar 
to lie?” The incision must be made in stable tissue that is expected to heal.

 24. What technical failure at the time of insertion will cause an expansion to fail?
The most common reason for the failure of an expansion is the construction of a pocket of inadequate size for the 
expander that is placed into it. Protrusion of the expander through the incision or projection of envelope through the 
overlying tissue often results from the surgeon’s overestimation of the size of the pocket. The expander must lie flat, 
and the expander back, if one is present, must not be curled or flexed so that the edge pushes into the line of closure.

 25. When do you begin filling an expander? How much saline do you add each time?
It is our practice to begin filling an expander 1 week after surgery if the wound is stable and continue with weekly 
expansions. The process of filling depends on the pressure in the expander. Prescribing a given volume for injection at 
regular intervals is not possible. Often the expansion proceeds fairly rapidly and then becomes more difficult with higher 
ending pressures in the expander and discomfort noted by the patient. At this point the tissues need a rest. You can 
easily forego a weekly injection or simply inject less saline. On every occasion the safest strategy is to inject until the 
patient reports that the expansion is just starting to feel tight.

 26. When is the patient ready to return to the operating room for advancement?
The patient is ready for advancement when the expanded flap will produce the desired result. If the flap is to be 
advanced, it must have sufficient dimensions and suitable geometry to cover the defect. The arc over the top of 
the expander is measured and the width of the expander mass subtracted. The difference is an estimate of the 
advancement that can be made. The difference should equal or exceed the width of the defect.

For breast reconstruction, the expansion should proceed until the distance in the midmammary line from the clavicle 
to the inframammary fold on the expanded side equals or exceeds the same distance on the normal, unoperated side. 
At this point, the overall volume of the reconstructed breast may exceed the target breast volume by 300 to 500 mL. 
The expander is kept overexpanded for at least 6 to 8 weeks and perhaps longer if the patient can tolerate it. The fluid 
then is removed until the volume of the expander resembles that of the normal breast or a target volume if contralateral 
augmentation is desired. The distance from the clavicle to the inframammary fold should be measured again. If the 
distance has shortened because the pressure on the skin and capsule are reduced by partial deflation of the expander, 
the fluid should be returned and expansion continued until the partially deflated dimensions of the reconstructed skin 
envelope equal those of the normal breast or a desired target volume.

 27. How long do you keep the expander after the expansion target has been achieved?
In general, 6 to 8 weeks; however, it depends on the location and reconstructive goals. In breast reconstruction, 
where a pendulous, soft breast needs to be constructed, shrinkage of the previously expanded skin will compromise 
reconstructive results. For this reason, the longer overexpansion is maintained, the more stable the expanded skin 
envelope will be. Some experts have kept their patients overexpanded for as long as 1 year. In other areas where 
retraction of the expanded skin is less critical, 6 weeks usually is acceptable. This period is a balance between the 
benefit of stability of the expanded skin and the risk of implant infection and patient discomfort.

The alternative to persistent overexpansion as described here is expansion followed by periodic deflation continued until 
the skin envelope has the desired dimensions after trial deflation, as described in the section above.

 28. How do you make the advancement?
The advancement should be simple. The skin is incised with a scalpel, and then an electrocautery blade with a round, 
not sharp, tip is used to open the subcutaneous tissues and capsule. A needle point usually results in a punctured 
envelope; avoid using a needle tip. It should not be necessary in most cases—except nasal and ear reconstructions—to 
excise the capsule formed around the expander. Simply advance the expanded flap and determine that it will replace the 
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defect before the defect itself is excised. If the trial advance shows that you come up short, do a subtotal resection of 
the defect, leave an expander in place, and plan to finish the job on another day.

 29. What aftercare is required?
Very little aftercare is required. Patients can shower on the first day after advancement. Drains are managed as usual. 
Do not rush to touch-up surgery, especially for dog ears, which usually resolve with time, particularly in the scalp.

 30. Should families and patients be trusted to do their own expansions at home?
Most certainly. Injection of saline into a tissue expander certainly is less risky than administering insulin. Families can 
learn to perform home expansion safely and effectively for family members.

 31. How can you—or a child’s family—measure the intraluminal pressure of an expander 
during a home inflation?
If using a scalp vein needle with a short length of tubing between the needle and the hub connecting to the syringe, 
you have a built-in manometer. If the syringe is removed from the hub and the tubing is held extended straight up into 
the air, the standing height of saline is equivalent to about 20 mm Hg. If the meniscus falls in the tube, the intraluminal 
expander pressure is less. If the fluid overflows from the hub, the pressure is greater than 20 mm Hg. No tissue is 
injured if a limit of 20 mm Hg is observed.

 32. What touch-up surgery may be required?
The area of the body undergoing surgery determines the size of the final scar. The back usually produces a larger scar 
than the scalp. Infrequently, dog ears may need to be revised; be patient before attempting revision. Local areas of 
alopecia from hair follicles in telogen phase often reverse themselves, and hair density returns to normal. Concavities 
usually disappear, especially the concavities, or bathtub deformities, seen over the skull.

 33. What will the future bring in the way of breast reconstruction? Will autogenous 
tissue reconstruction replace tissue expansion?
As reimbursement for breast reconstruction falls, pressures favoring outpatient reconstruction via soft tissue expansion 
will mount. It seems likely that the proportion of tissue expansion reconstructions will rise and the number of autogenous 
tissue reconstructions will fall. Although some have assessed that the costs of the two approaches were almost the 
same at their institutions, this has not been our experience. We have found the cost of breast reconstruction with tissue 
expansion has been half the cost of a transverse rectus abdominis muscle (TRAM) flap. Some insurers provide lower 
reimbursement for bigger procedures to drive doctors toward less cost-intensive alternatives in reconstructive surgery.

 34. Is there a role for tissue expansion in treatment of abdominal wall hernias?
The physiologic abdominal wall expansion with pregnancy and weight gain are widely known. Similar effects can be 
achieved with tissue expansion of the abdominal wall. An original approach with induction of pneumoperitoneum over 
a period of 6 to 15 days preoperatively starting with 500 mL and continuing to as much as 18,500 mL to achieve 
preoperative expansion of the abdominal cavity has been used successfully. This allows the return of the abdominal 
contents into the abdomen and overcomes the “loss of domain” that is problematic in large abdominal hernias. 
Reports from the Mayo Clinic describe the use of traditional tissue expanders with either subcutaneous or submuscular 
placement (between the external and internal obliques) with excellent results. Prosthetic mash was required in large 
abdominal wall defects.

 35. What are skin stretching devices?
Various approaches to skin stretching have been proposed. Simple closure of wounds under tension may result in heavy 
scarring and wound breakdown. Intraoperative maneuvers in addition to undermining and tissue rearrangement include 
placement of towel clamps and heavy temporary sutures to slowly stretch the tissues. Skin stretching devices ranging 
from vascular loupes stapled to the skin edges to sophisticated mechanisms have been proposed to exert traction on 
the edges of the wound over the period from hours to days to achieve wound closure. The wound vacuum-assisted 
closure (VAC) dressing has been used as an adjunct treatment to decrease tissue edema.

 36. What are the common preexpanded flap designs?
The advancement flap is the most commonly used design in tissue expansion reconstruction. Preexpanded transposition and 
rotational flaps have long-standing track records in meeting reconstructive demands in certain locations. The preexpanding 
free flap increases the amount of transferred tissue, enhances its blood supply, and lessens donor site morbidity.

 37. Where and when do preexpanded transposition flaps play a role?
Bauer and Margulis, based on a review of their experience with 995 expanded flap reconstructions, stress the benefit 
of modifying expanded flap design from the more traditional advancement flap to transposition or rotational flaps. 
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They derived the following conclusions. (1) Limiting flap design to expanded advancement flaps alone with an effort 
to minimize potential scarring restricts the reconstructive capabilities of the added tissue and thus subverts the initial 
reconstructive goals. (2) In contrast to a direct advancement flap in which all tension is taken directly at the apex of the 
flap, with appropriate planning, in transposition and rotation flaps tension is taken off the flap apex and distributed more 
proximally. This design redirects tension lines and minimizes distortion. (3) In the expanded transposition flap, the base 
of the flap is also expanded skin, which allows the base to advance in addition to the normal transposition of tissues, 
providing an additional net gain of tissue for reconstruction of larger defects. (4) The price of additional incisions is worth 
paying to achieve a better final contour of the reconstructed part, decreased risk of anatomic distortion, better position 
of the scars, and lowered risk of scar contracture. (5) In cases having areas of less complex body contour or sufficient 
skin for uncomplicated advancement, advancement flaps are obviously an appropriate choice. It is in the other regions 
(temporal scalp, cheek, neck, proximal or distal trunk) where the expanded transposition flap plays its most powerful role.

Zide and Karp further emphasized the additional gain from single and double back-cut flaps to maximize tissue 
advancement into the defect following expansion with a rectangular tissue expander.

 38. Which patients are the candidates for pretransfer tissue expansion of free flaps?
Three groups of patients may benefit from the use of this technique: those with an absolute or relative lack of local 
and donor tissues, those with a large defect in the recipient site, and those who might otherwise require multiple 
consecutive operations. These include burn patients with an absolute lack of tissue and donor site deformities from 
multiple reconstructions, pediatric patients with relative lack of tissues, patients with large defects, and those with 
pressure ulcers requiring large flaps who previously underwent multiple operations. Another indication for preexpansion 
of the free flap is the requirement for a thin flap in an obese person.

 39. What are the advantages of reconstruction with preexpanded free flaps?
This reconstructive approach carries the advantages of both tissue expansion and microvascular tissue transfer. 
Microvascular tissue transfer allows the harvesting of tissues with a good tissue match from a distant donor site. Tissue 
expansion augments the blood supply of the future free flap. Babovic et al. investigated the effects of tissue expansion 
on free flaps and found a sevenfold increase in perfusion in the preexpanded flaps that increases their tolerance to 
secondary ischemia. This phenomenon also permits the surgeon to harvest a larger flap, even beyond the anatomic 
boundary of the flap’s usual blood supply. This can be carried out with decreased morbidity to the donor site because 
the expansion facilitates direct closure of the donor site that would otherwise require a skin graft. Hallock reported his 
intriguing work on preexpanded radial forearm free flap transfer that permitted linear closure of the donor site in five 
of eight patients in his series. Another major advantage of pretransfer tissue expansion is its ability to thin the free flap, 
which also increases its pliability and elasticity with ever-increasing thickness of the flaps in western patients.

 40. Which free flaps have been preexpanded?
Preexpanded fasciocutaneous flaps include groin, lateral arm, radial forearm, scapular, and extended scapular (scapular–
parascapular) flaps. Preexpanded musculocutaneous flaps include latissimus dorsi, serratus anterior, pectoralis major, 
trapezius, rectus, and tensor fascia lata flaps. Tissue expander capsule has also been reported to be used as a free flap.

 41. What are the disadvantages of pretransfer tissue expansion of free flaps?
There are three serious disadvantages. First, time is required for tissue expansion of the flap, which usually is 
transferred as a second-stage reconstructive operation. This period is, in general, 10 to 20 weeks. This is often not 
an acceptable wait for most oncologic defects and complex wounds. Second, implant complications may necessitate 
aborting the reconstructive plan. Lastly, the preexpanded free flap procedure is technically more difficult due to the 
distorted and compromised anatomy of the vascular pedicle and thus requires greater surgical skills.

 42. What is the role of intraoperative tissue expansion?
Intraoperative tissue expansion is based on early expansion changes, such as fluid displacement, creep, and mobilization 
of the adjacent tissue. Stretching followed by relaxation, termed cyclic loading or acute cycled expansion, as opposed to 
continuous expansion, is more effective in recruitment of tissue. It has been shown to yield 15% to 20% of the length of 
the skin flaps. Although skin undermining remains an important technique in closing small defects, intraoperative tissue 
expansion has been reported to provide lower wound closing tension. Nonetheless, results in the operating room have 
been largely disappointing despite occasional enthusiastic reports of efficacy, and the technique is now seldom used.

 43. What are the complications of tissue expansion?
Potential complications of tissue expansion include pain, infection, seroma, hematoma, skin necrosis, expander 
extrusion and failure, neurapraxia, insufficient expansion, and adverse psychological reactions. Seldom is the tissue 
lost; if an exposure or infection occurs, the expander is removed and replaced in 2 or 3 months in most cases. Reported 
frequency of complications requiring removal of the expander varies widely from 3% to 65%; however, in a survey of 
over 50,000 tissue expansions, no life-threatening or disfiguring complications occurred.
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 44. What are some of the inherent advantages of tissue expansion?
Tissue expansion provides tissue for reconstruction that is most like the lost tissue. It is matched in color, texture, and 
hair-bearing characteristics. The tissue may be sensate. The donor defect is minimal. Usually the contour is superior 
to that achieved with other techniques. Tissue expansion often can be performed entirely on an outpatient basis under 
local anesthesia. In preexpanded flaps, new skin is created in addition to increased vascularity of the flap and the 
expander capsule. It allows more reliable flap transfer with decreased donor site morbidity.
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Stephen Daane, MD

AlloplAstic implAntAtion

 1. What are the advantages of alloplastic materials?
 • No donor site morbidity from a second surgical site
 • Reduced operative time compared with harvesting a graft
 • Unlimited supply of alloplastic materials
 • Prefabricated implants can be tailored to the individual patient
 • Unlike autogenous materials (bone, cartilage, dermis, fat, fascia), there is no scar formation or reabsorption of the 
implant over time

 2. How are biomedical alloplants classified?
Biomedical alloplants are classified as either liquids (injectable silicone, collagen) or solids (metals, polymers, ceramics). 
The physical form of the implants (solid or mesh, smooth or rough) determines whether the implant is encapsulated as 
a whole or whether fibrous tissue will penetrate the interstices of the implant. Selection of specific alloplastic implant 
materials can be advantageous in different clinical situations: vigorous tissue ingrowth into Marlex polypropylene mesh 
provides a strong, long-lasting repair, whereas fibrous encapsulation of a Hunter rod silicone tendon prosthesis ensures 
free gliding of a subsequent tendon graft.

 3. What are properties of the “ideal” implant?
The “ideal” implant should fulfill certain conditions:

 • Biologically compatible
 • Nontoxic
 • Nonallergenic
 • Produces no foreign body inflammatory response
 • Mechanically reliable
 • Resistant to resorption and deformation
 • Nonsupportive of microorganism growth
 • Easy to shape, remove, and sterilize
 • Radiolucent (does not interfere with computed tomography [CT] or magnetic resonance [MR] scans)

 4. What is the goal of alloplastic implantation?
The goal of implantation materials is to simulate a missing part while evoking a minimal reaction from the host. 
Polymers are the implants most commonly used as bulk space fillers for soft tissue contour restoration, as with 
nasal, chin, auricular, and breast implants. The biologic response to the polymer group of materials generally 
consists of a normal inflammatory response, deposition of collagen, and maturation of fibrous connective tissue that 
completely encapsulates the implant in 4 to 6 weeks. In some instances, a restrictive capsular fibrosis occurs, a 
biologic response that may be related to myofibroblast activity and may require surgical correction.

The quality of the “tissue envelope” holding the implant must be considered. If the blood supply is marginal (as with irradiated 
tissues), the chance of extrusion is high. If the implant is placed in a very tight pocket, the chance of bony resorption 
underneath the implant is high. Principles of placing hard implants include the following: (1) shaping the edges to avoid hard 
corners, (2) burying the implant as deeply as possible under the skin and subcutaneous tissues, (3) avoiding tension in adjacent 
tissues or tension against the overlying skin, (4) placing the incision as far as possible from the implant, (5) handling the 
implant gently, and (6) using the proper stiffness of material (hard implants should never be used for soft tissue replacement).

 5. What is the Oppenheimer effect?
In 1948, Oppenheimer reported that metal implants placed in experimental animals could induce tumors. Further 
experiments showed that the composition of the material was unimportant; maximal tumorigenesis occurred when the 
material had a smooth, continuous surface. Other characteristics of this phenomenon were a minimum size requirement 
(0.5 × 0.5 cm in rats) and a minimum time requirement for the implant to remain in situ (6 months in rats). Tumors 
appeared after a latent period of approximately 300 days.
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Rare clinical reports of tumor occurrence adjacent to alloplastic implants in humans is consistent with the Oppenheimer 
effect, although extensive human clinical experience has never demonstrated a strong association between 
carcinogenicity and medical alloplants. However, to rule out the oncogenic potential of implants, a follow-up study period 
of 20 to 50 years would be necessary to match the short latent period of animal tumors.

 6. What are bioabsorbable plates and screws?
Experimentation with absorbable polyesters led to the development of poly-l-lactic acid (PLA) and polyglycolic acid 
(PGA) as resorbable implantable devices. When used alone, poly(l-lactide) forms a strong crystalline lattice that takes 
months or years to undergo hydrolysis; mixtures of poly(l-lactide) with poly (d,l-lactide) resorb more quickly. PGA 
implants lose their tensile strength quickly and are resorbed within weeks to months. Pure PGA was first marketed 
as Dexon suture; Vicryl suture is a mix of 8% PLA and 92% PGA. A chondrocyte-seeded PLA/PGA polymer similar 
to Vicryl has been used in the “tissue engineering” of cartilage scaffolding. A copolymer of PLA (82%) and PGA 
(18%) was developed that consistently demonstrated adequate initial strength and complete resorption after 9 to 
15 months. This combination was introduced as the LactoSorb craniofacial plate fixation system in 1996. Sculptra 
is a newly developed PLA product for midfacial soft tissue augmentation due to the wasting caused by protease 
inhibitors.

The theoretical advantage of absorbable PLA/PGA over titanium hardware in pediatric craniofacial surgery is that 
the plates do not put the patient at risk for intracranial migration of hardware or growth restriction. Metallic fixation 
interferes with postoperative radiographic imaging, oncologic follow-up, and evaluation of fracture healing.

 7. Which metals are suitable for implantation in plastic surgery?
(1) Stainless steel, (2) Vitallium, and (3) titanium. Their uses include plate and screw fixation sets for craniofacial surgery 
and hand surgery and as hemoclips, cranial plates, artificial joints, and dental implants.

The term stainless steel refers to a large group of iron-chromium-nickel alloys that were first used as biomedical 
implants in the 1920s. Orthopedic devices of stainless steel were adapted to craniofacial surgery for rigid fixation; 
however, these implants were found to undergo corrosion with potential for implant failure after several years. 
Compared with stainless steel, Vitallium and titanium have superior corrosion resistance, partially due to a protective 
oxide layer that forms on their surface.

Vitallium is a cobalt-chromium-molybdenum alloy introduced in the 1930s. It has a higher resistance to fatigue or 
fracture than either stainless steel or titanium. Because of its high tensile strength, lower-profile plates that have narrow 
interconnecting bars between the holes can be implanted.

Titanium was introduced as an implant material in Europe in the 1940s. Unalloyed titanium is much more malleable 
than stainless steel or Vitallium. Malleability facilitates bending to fit the complex topography of the facial skeleton (e.g., 
titanium mesh can be useful for orbital floor reconstruction in blowout fractures). Titanium alloy (titanium–aluminum 
6%–vanadium 4%) has a tensile strength similar to that of Vitallium. Titanium is the least corrosive of the metals used 
for implantation and has the least artifact on CT and MR imaging studies.

Biocompatibility of metals depends on whether the metals release ions or particles into the surrounding tissues. In the 
case of deteriorating stainless steel implants, patients may complain of pain and tenderness around the implant. Skin 
tests in patients with metallic implants indicate sensitivity to the constituent metals, cobalt, chromium, and nickel; rare 
allergic reactions have occurred. Detection of metal corrosion products in the hair, blood, and urine are of unknown 
clinical significance.

 8. What is hydroxyapatite?
Ca10(PO4)6(OH)2, or hydroxyapatite (HA), is the major inorganic constituent of bone. Corals of the genus Porites create a 
calcium carbonate exoskeleton resembling human bone with an average pore size of 200 μm. Surgical vendors convert 
the calcium carbonate skeleton into HA through an exchange reaction of the carbonate for phosphate. The resultant 
ceramic has the porous anatomy of bone with an identical chemical composition. HA is capable of strongly bonding to 
adjacent bone, and, compared with onlay bone grafts, HA demonstrates excellent maintenance of contour and volume. 
HA implants elicit no foreign body or inflammatory response.

 9. How is HA used in plastic surgery?
HA is available in block form (porous or solid) and as granules. It is used most commonly to augment the contour of the 
facial skeleton or as a bone graft substitute in orthognathic surgery. Contouring of HA blocks is performed with dental 
burs. Lag screw fixation is suggested when HA blocks are placed in an onlay manner because osteointegration will not 
occur if the blocks are mobile.
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Experimentally, porous HA blocks and HA granules are rapidly invaded by fibrovascular tissue. Histologic evidence 
of direct osseous union between implant and bone is seen within 2 to 3 months. HA is “osteoconductive” in that it 
provides a matrix for deposition of new bone from adjacent living bone. HA is not “osteogenic” because it will not induce 
bone formation when placed in ectopic sites such as muscle or fat. Long-term radiographic follow-up shows a lack of 
resorption of HA implants.

HA blocks are brittle but gain rapidly in strength as the implant pores are invaded by fibrovascular tissue. The ultimate 
compressive strength exceeds the masticatory forces of the jaws. Infection is likely to occur when there is a deficiency 
of soft tissue coverage.

HA granules may be mixed with Avitene or blood and microfibrillar collagen, then placed into a carefully dissected 
subperiosteal pocket to produce a desired contour. Granular HA is somewhat more difficult to handle. Although solid HA 
has a high extrusion rate when used for alveolar ridge augmentation, HA granules have been used successfully for this 
application, where they become strongly anchored by fibrous tissue.

 10. How is synthetic HA used in plastic surgery?
BoneSource is a synthetic HA cement that was first used clinically in 1991 (similar products include Norian and Mimix). 
When mixed with water and a drying agent (sodium phosphate), BoneSource powder forms a paste that hardens to form 
a microporous implant within 15 minutes. It is biocompatible, with no inflammatory tissue response. In addition to its 
ease of application, the infection rate with BoneSource is low.

Although experiments in feline cranial defects and initial anecdotal clinical reports indicated resorption, longer 
follow-up in humans has shown that HA cement maintains shape and volume over time. The wound bed must be 
very dry at closure. Currently, the approved indication for HA cement is for calvarial defects of up to 25 cm2, although 
it is also commonly used for facial skeletal augmentation. Variable bony ingrowth has been reported following the 
use of HA cement for cranioplasty. Experiments mixing HA cement with protein growth factors to enhance bony 
ingrowth are ongoing.

 11. Which polymer is most often used for facial augmentation? Why?
High-density porous polyethylene (Medpor) is replacing silicone as the most often used material for facial augmentation 
procedures. Medpor has a void volume of up to 50%. Pore sizes ranging from 100 to 250 μm allow stabilization of the 
implant through bony and soft tissue ingrowth. The foreign body reaction to Medpor is minimal, with only a thin fibrous 
capsule and very few giant cells. It has low infection and extrusion rates, with no loss of the implant on long-term follow-up.

Medpor is available in sheets and blocks that can be sculpted at the time of surgery. It also is available as preformed 
implants available for chin augmentation, malar augmentation, and microtia reconstruction (placed beneath a 
temporoparietal fascial flap). It is useful for orbital floor blowout fractures and as a columellar strut for cleft rhinoplasty. 
Medpor implants become adherent to the surrounding bone, whereas silicone implants on the facial skeleton undergo 
fibrous capsule formation without fixation to bone.

 12. What are the physical properties of silicone?
Polydimethylsiloxane (PDMS) or silicone is a repeating chain of –Si–O– units, with methyl groups attached to the silicon 
atoms. Silicone can simulate different soft tissues as a liquid, gel, or rubber by varying the length and cross-linking of 
the PDMS chains. Silicone fluids are short, straight chains of PDMS, gels are lightly cross-linked chains of PDMS, and 
elastomers are longer chains of PDMS that are cross-linked to a greater degree. Amorphous silica particles (30 μm) can 
be added to increase the tensile strength of silicone rubber.

Silicone is highly biocompatible, nontoxic, nonallergenic, and resistant to biodegradation. The tissue response is 
limited to a mild foreign body reaction followed by encapsulation. Silicone cannot be rendered porous to improve its 
incorporation into tissues; instead, a fibrous capsule forms around the implant.

 13. What are the disadvantages of using silicone?
Although silicone polymers are considered biologically inert, they may evoke an inflammatory response in humans. 
Silicone gel particles from breast implants may be engulfed by macrophages to incite a chronic inflammatory reaction. 
Silicone synovitis occurs after fragmentation of silicone particles from joint replacement prostheses; the foreign 
body reaction can produce joint space destruction and inflammatory bone resorption. Silicone granulomas are firm, 
erythematous masses in the skin and subcutaneous tissues due to inflammatory reactions around particles of liquid 
silicone. Although an immune response to silicone has been demonstrated in laboratory animals (not humans), an 
association of silicone with “human adjuvant disease” remains unproven.
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Disadvantages of using silicone include (1) a propensity of silicone rubbers to tear easily or fail in heavy stress 
applications (e.g., Swanson finger joint implants), (2) difficulty removing silicone gel from soft tissues in the case of 
implant failure, (3) bone resorption beneath silicone implants placed subperiosteally for augmentation (e.g., chin),  
(4) their “smoothness” makes them prone to extrusion when placed superficially (e.g., Silastic placed in the nose or 
ear), and (5) silicone rubbers are permeable, allowing proteins or lipids to become adsorbed onto the surface of an 
implant, which may alter its physical properties and lead to failure. Complications related to Silastic orbital floor implants 
(extrusion, displacement) account for their high removal rate.

Silicone gel is a composition of low-molecular-weight and oligomeric polymethylsiloxane, although there is also a large 
amount of uncross-linked silicone oil. Silicone gel implants were designed so that a cross-linked silicone rubber shell 
would contain highly cross-linked silicone gels. However, silicone oils within the gel could diffuse through the elastomer 
shell (gel bleed), and swelling of the shell by silicone fluid could reduce the mechanical strength of the shell. Silicone 
gel breast implants were placed under moratorium by the FDA in 1992 because of inadequate safety data. Formation of 
hard fibrous capsules that could be painful or disfiguring remains a major reason for revision.

As an injectable liquid, silicone once was used for augmentation of facial soft tissues and breast enlargement. However, 
silicone injections ultimately were affected by gravity, with loss of the augmentation effect after a period of years. 
Infection and chronic inflammation, migration of the material, and inappropriate usage led to its withdrawal from the 
market. Topical silicones are successfully used in scar therapy.

 14. Are there alternatives to silicone gel for breast implants?
Nonsilicone gel developments include soybean oil, which were used in Europe and the United Kingdom before being 
withdrawn from the market in 1999. Complications were due to inflammatory and toxic properties of soybean oil released 
though the silicone shell of the implants. Polyvinylpyrrolidone (PVP) polysaccharide hydrogel is currently under investigation.

 15. What is methylmethacrylate used for in plastic surgery?
Methylmethacrylate is a self-curing acrylic resin, used for securing joint components to bone and as a craniofacial 
bone substitute. Advantages of this inexpensive material include ease of surgical manipulation, density similar to 
bone, radiolucency, and good long-term tissue tolerance. Methylmethacrylate is available in two forms: a heat-cured, 
preformed implant or a cold-cured implant that can be molded in the operating room and contoured with burs after 
hardening. The body’s response to methylmethacrylate is minimal, consisting of a typical foreign body reaction that 
subsides as the implant becomes enveloped by fibrous tissue.

While curing, methylmethacrylate forms an exothermic reaction that can damage tissues. Cardiac arrest due to absorption 
has been reported during the curing process. The major late problems are infection, extrusion, or mechanical failure due 
to deterioration of the bone–polymer interface. Risks of infection are decreased by keeping the edge of the implant at 
least 1 cm away from a skin incision and by avoiding the use of methylmethacrylate under skin grafts or scarred tissues. 
Cranioplexx is a methylmethacrylate product that is mixed in a sealed pouch, minimizing the odor and exothermic reaction.

Methylmethacrylate is used in orthopedics as a bone cement for joint replacements, in neurosurgery for reconstruction 
of cranial defects, and in dentistry for dental plates. Often small screws are placed in the skull or facial skeleton to 
anchor the material. In plastic surgery, gentamicin-impregnated methylmethacrylate beads are used in conjunction with 
muscle flaps to treat infected long bone fractures. Methylmethacrylate is also used for forehead augmentation and chest 
wall reconstruction. For difficult reconstructions, implants can be created before an operation based on a moulage or 
from CT scan data and computer-assisted milling. HTR is a recently available composite of methylmethacrylate that is 
porous and negatively charged to stimulate bony ingrowth. A meta-analysis of 45 studies using methylmethacrylate for 
routine cranioplasty revealed an infection rate of 5%.

 16. What is cyanoacrylate? How is it used?
Cyanoacrylate (“Superglue”) is a strong, biodegradable tissue adhesive that polymerizes upon contact with tissues. 
It can be used as a hemostatic agent or to “glue” tissues together in a surgical wound. Its binding is not affected by 
moisture or blood. Cyanoacrylate is widely used in orthopedics for hardware fixation, but it has been of only limited use 
in plastic surgery for blood vessel anastomoses, wound closure, application of skin grafts, or hemostasis. In strength 
comparison studies, cyanoacrylate is comparable to plate and screw fixation in the facial skeleton and comparable 
to suture for wound closure. Cyanoacrylate is easy to handle in the operating room. There is a mild toxicity from the 
degradation products, formaldehyde and cyanoacetate, which can be detected in the urine.

Dermabond is an FDA-approved cyanoacrylate “topical skin cohesive.” In a multicenter trial of more than 800 patients, 
Dermabond compared favorably with sutures in the emergency repair of lacerations and punctures, general surgical 
incisions, and facial plastic procedures. Dermabond polymerizes within 1 minute and begins to peel off in 7 to 10 days.
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 17. Which fluorocarbon polymers are used in plastic surgery?
Fluorocarbon polymers as a group are resistant to chemical degradation and are minimally reactive when placed in the 
body. Of the fluorocarbon polymers used in plastic surgery, Teflon is limited to vocal cord reconstruction and Proplast 
was withdrawn from the market in 1990. Only polytetrafluoroethylene (PTFE; Gore-Tex) is in common use today.

Polytetrafluoroethylene (PTFE) consists of non–cross-linked linear polymers of fluorinated carbon units with molecular 
weights of 6 to 10 million. The carbon–fluorine bonds are highly resistant to degradation. PTFE is inert, nonadhesive, 
and nonfrictional and elicits virtually no inflammatory response within the body. It is nonallergenic and noncarcinogenic 
and has no immune reactivity. Gore-Tex is a polymer sheet of “expanded” PTFE interconnected by Teflon fibrils, yielding 
tremendous strength. Pores of up to 30 μm result from the expansion, allowing a small amount of tissue ingrowth. 
Gore-Tex is useful for vascular reconstruction and soft tissue augmentation. Gore-Tex has been used in the face for 
correction of wrinkles and has been used for lip, chin, nasal, and forehead augmentation. It is used for ligament repair, 
chest wall or abdominal wall reconstruction, static suspension of the paralyzed face, and guided tissue regeneration 
(GTR). Problems with extrusion or migration of Gore-Tex implants are reduced when the implants are properly fixed to 
the tissues. Infection rates with Gore-Tex implants are very low.

 18. What are osseointegrated implants?
Osseointegration is the harmonious coexistence of implant, bone, and soft tissue. Osseointegrated percutaneous 
implants give the ability to attach a prosthesis to an implant that is anchored to bone but is penetrating the skin or 
mucosa. In the first stage, a titanium implant is placed into bone and buried underneath the periosteum or soft tissues 
for 3 months to provide osseointegration. At a second stage, the implant is uncovered and a permanent prosthesis is 
made for fixation to the implant. The implant must be absolutely stable during the first 3 to 6 months of healing, or 
connective tissue rather than bone may form at the implant surface. Threaded implants with small pores are more likely 
to establish initial stability, and titanium is used because the oxide layer that readily forms on the implant’s surface is 
important to the implant’s tissue interaction. More recently, HA-coated titanium implants have been used. Success rates 
greater than 95% have been reported using osseointegrated implants for dental restoration and for prosthetic facial 
parts on long-term follow-up.

 19. What is AlloDerm?
AlloDerm is acellular dermal matrix (“cadaver skin”) commonly used in cosmetic procedures such as lip grafting. It is 
rendered immunologically compatible by chemically removing all immunoreactive components (epidermis, antigenic 
cell components) while leaving the collagen/elastin structure of skin intact. It has been used in reconstructive surgery to 
induce granulation tissue over exposed bone and tendon in refractory wounds.

 20. Should patients with implants undergo antibiotic prophylaxis?
The potential of an implant material to potentiate infection is an important consideration. For example, experiments have 
shown that the requirement of 106 organisms to produce a pus-forming infection is lowered to just 100 organisms in the 
presence of a braided silk suture. Although studies have shown a beneficial effect of perioperative antibiotic prophylaxis 
in patients undergoing implantation with alloplastic materials, usually only patients with prosthetic heart valves or hips 
receive antibiotics when undergoing dental procedures that can cause a transient bacteremia. It seems possible that 
breast implants or other materials could serve as a nidus for bacterial colonization, although formal recommendations 
for antibiotic prophylaxis in these patients have never been made.
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The ProblemaTic Wound 6

 1. What is a problematic wound? What causes it?
The goal of wound healing is to obtain successful closure of the wound with an intact epithelial layer. A wound becomes 
problematic when it presents unusual difficulty in obtaining such closure. The difficulty may relate to the configuration of 
the wound in which the technique or mechanics of closure is the main issue. The difficulty also may relate to problems 
intrinsic to the wound itself. Systemic (e.g., sickle cell anemia, administration of steroids) or local (e.g., bacterial 
contamination) factors may affect wound healing.

 2. What are primary, secondary, and tertiary wound closure?
Closure of wounds in which the edges can be directly approximated is referred to as first intention or primary closure. 
The typical example is a surgical wound. Closure with sutures, staples, tape, or other means brings the edges together 
and maintains approximation while the wound experiences the healing stages of inflammation and early fibroplasia. In 
certain wounds, such as burn wounds, primary closure cannot be achieved. The surgeon awaits and promotes spontaneous 
reepithelialization of the wound from viable epithelial elements in the wound itself or from the epithelium at the margin. This 
approach, called second intention or secondary closure, is associated with the potential problems created by a wound 
that remains open: intense and prolonged inflammation, which in turn promotes excessive contraction and excessive 
fibroplasia. Secondary closure may result in an unsightly scar and, when across a joint, may limit motion due to contracture. 
One approach to the wound that otherwise would be closed only by secondary means is to close the wound surgically by 
bringing tissue from elsewhere in the form of a flap or graft. This technique is third intention or tertiary closure.

 3. What systemic problems may make a wound problematic?
Systemic problems may affect the wound directly or indirectly. For example, in patients with Ehlers-Danlos syndrome, 
a defect in collagen deposition results in less tensile strength and more elasticity. A deficiency in vitamin C (scurvy) 
makes the hydroxylation of proline to hydroxyproline impossible and causes a collagen cross-linking deficiency. Sickle 
cell anemia has profound local effects on healing. Chronic administration of steroids interferes with fibroplasia. It is 
important to recognize how few systemic conditions result in wound closure difficulty. Factors such as malnutrition, 
anemia, age, and other systemic factors are clinically relevant only at their extremes and only marginally so; the body 
recognizes wound closure as a biologic priority.

 4. What local factors may make a wound problematic?
Far more frequent are local wound problems that render the wound biologically rather than technically problematic. The most 
common examples include ischemia, pressure, radiation, foreign material/traumatic wounds, and bacterial contamination.

 5. What are the guidelines for handling ischemic wounds?
Ischemic wounds must be evaluated for reversible vascular problems (e.g., bypass surgery). Venous wounds also are 
ischemic, perhaps from functional shunting of blood from the arterial to the venous side of circulation, bypassing the 
ulcerated area. Some evidence suggests that microvascular free tissue transfer from the arm or scapular area provides 
venous drainage. Closure with tissue containing valves makes recurrence less severe than closure merely with grafts. 
Lymphatic disease is particularly difficult because, as in venous wounds, edema is an ongoing problem. Edematous 
tissue is particularly prone to streptococcal infection, which, when it heals, results in more lymphatic scarring and 
thus more edema. Unna boots (containing calamine, zinc oxide, and gelatin), elastic support, and prophylaxis against 
streptococci are of long-term value. Growth factors may soon be commercially available for use in diabetic arterial 
disease and other wounds. Sickle cell ulcers, when skin grafted, usually recur promptly if the patient is allowed to have 
a crisis during the healing phase. If the hematocrit is maintained above 35% or so, crisis will not occur, and the grafted 
skin has a chance to mature and become less easily traumatized.

 6. What are the guidelines for handling pressure wounds?
Wounds resulting from unrelieved pressure, usually in patients without sensation (quadriplegics, paraplegics, 
neuropathics, and patients with chronic debilitating central neurologic problems) are extremely difficult and cannot be 
successfully managed unless the underlying cause is corrected. Successful wound closure in unselected patients, even 
with sophisticated muscle flaps, probably is less than 10%. With careful education and limitation of surgery to the most 
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compliant patients, muscle closure of pressure sores is successful in about 75% of cases. Many problematic pressure 
wounds are best managed by creating a controlled wound, namely, a wound without excessive contamination that can 
be maintained indefinitely by local wound care. The wound, if not excessively large, is of no danger to the patient; this 
approach is useful in patients in whom the success of surgery is small. The use of growth factors in compliant patients 
may result in successful closure of pressure wounds by second intention to a degree formerly thought impossible.

 7. How are radiated wounds managed?
Radiation injuries may be acute or chronic. Acute injury, which is seen only in industrial accidents, is rare because the 
dangers are so well known. Chronic injury may occur from industrial exposure or formerly from therapeutic treatment 
of acne or other benign conditions. Fortunately the generation of patients so injured has largely passed, and no new 
patients are being added. Most problematic wounds that we encounter are due to therapeutic radiation for malignancy 
and fall into the category of subacute injury. The ultimate effect of radiation on the tissue is not necessarily to produce 
ischemia; in fact, radiated wounds usually are quite well vascularized and bleed easily. Instead, the radiation destroys 
stem cells necessary for both revascularization and fibroplasia. In many radiation wounds a split-thickness skin graft 
will close the wound nicely. In others, vascularized tissue in the form of muscular or musculocutaneous flaps or free 
microvascular flaps gives the wound a new start with tissue that brings its own blood supply and stem cells.

 8. What about traumatic wounds?
Sir James Learmonth, surgeon to the Queen of England, provided guidelines on which it is hard to improve. The key to 
managing such wounds is adequate débridement:

Of the edge of the skin,
take a piece very thin.
The tighter the fascia,
the more you should slash’er.
And muscle much more,
until you see fresh gore,
And the bundles contract,
at the least impact.
Leave intact the bone,
except bits quite alone.

Learmonth emphasized the value of accurate débridement as the single most important factor in preparing the traumatic/
contaminated wound for closure. The skin is highly vascular, and excessive removal is unnecessary. Intravenous 
fluorescein and examination of skin with a Wood’s lamp offer accurate delineation of vascular compared with devitalized 
skin. Foreign bodies must be removed before closure. Wounds should be explored for metallic foreign bodies, such as 
needles, only if radiographic control is available. The needle in the haystack is easier to find than the needle in the sole of 
the foot. In addition to accurate débridement and removal of foreign bodies, irrigation is essential. Débridement, irrigation, 
and bacterial balance are critical to the successful management of the grossly contaminated wound. When these goals 
are accomplished, our technical virtuosity will be used to close it. But first, débride the wound (Fig. 6-1).

Figure 6-1. Open tibial fracture with contaminated wound. The wound needs to be débrided and irrigated under pressure, and 
bacterial flora in soft tissue and bone should be determined by quantitative microbiologic techniques. Only when bacterial control 
can be documented is the technical virtuosity of the reconstructive surgeon used to close the wound.
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 9. Which irrigation fluid should be used? How much?
Most irrigation is designed to remove particulate matter, which often is difficult to see, and bacteria, which cannot be 
seen. If you measure particulate matter and bacterial flora in an open wound quantitatively, before and after irrigation, 
you have an excellent model to study the effect of irrigation. Surface irrigation (e.g., with a bulb syringe) is only 
marginally effective and then only for surface bacteria. Bacteria lodged in the tissue are not reduced by this technique 
whether you use 1 L or 20 L. “Dilution is the solution to pollution” only when irrigation is performed with pressure; 
pressure irrigation with the jet lavage or Systec-like systems at about 70 psi reduces bacteria counts and the amount of 
particulate matter. Although saline is readily available, Ringer’s lactate probably is a better choice. The amount depends 
on the nature of the wound. Small wounds irrigated in the emergency department with a syringe and fine needle require 
only a few ounces, whereas large wounds require proportionately more.

 10. What about bacterial contamination?
Humans are not germ-free. Our skin is contaminated by bacterial flora that are both transient and resident. Transient 
flora, which reflect contact with the environment, may be extremely high after contact with heavily contaminated 
material or relatively low if they are exposed to the air, dry up, and die from lack of nourishment. We remove transient 
bacteria when we wash our hands before patient contact or before we enter the operating room. Resident flora, 
which reside in the hair follicles and skin glands, are “normal.” A biopsy culture of normal skin identifies about 103 
microorganisms per gram of skin. Similarly the mucous membrane of the oral cavity and the mucosa of the bowel are 
colonized. The mere presence of bacteria does not constitute infection. Rather than being free of bacteria, we live in 
delicate balance with them—a balance that can be identified and measured with great precision.

 11. What is quantitative microbiology?
All microbiology laboratories routinely culture urine to determine whether a level of 100,000 (105) microorganisms 
is present. A level less than 105 microorganisms indicates contamination, whereas a level more than 105 
microorganisms indicates invasive infection. For the past 40 years surgical biologists have used the same 
technology to measure bacterial contamination in the tissue of open wounds. A specimen is obtained, weighed, and 
converted to liquid on a weight/volume basis and then cultured in the same fashion as urine cultures. The number 
of microorganisms per gram of tissue is determined. The surface bacteria in a wound are insignificant because they 
are so easily eliminated. Surface swabs for culture fail to recognize the bacteria in the depths of the wound, which 
makes the difference.

The rapid slide test provides information about whether the wound has more than 105 microorganisms per gram of 
tissue in less than 30 minutes. It does not identify the exact organisms or their sensitivities, but it is useful in screening 
contaminated wounds.

 12. Does quantitative microbiology make a difference?
Gertrude Stein has been quoted as saying, “A difference, to be a difference, must make a difference.” All 
differences are not necessarily important, but quantitative microbiology makes a difference. When fewer than 105 
microorganisms are present in the tissue, invasive infection will not occur, wounds will close spontaneously, and 
skin grafts will take with uniform success. When the counts are greater than 105 microorganisms per gram of tissue, 
skin grafts will not take and invasive infection will occur. Streptococci, which are dangerous in any quantity, are the 
exception that proves the rule.

Of interest, 108 to 109 microorganisms per gram of tissue are necessary to produce clinical evidence of pus; 
therefore, the difference between what can be seen with the naked eye and the critical level of bacteria is a 
difference of almost 1000-fold. In a clinical study of random wounds in the emergency department, the number 
of wounds with more than 105 microorganisms per gram was 20%. This is the average infection rate in wounds 
managed in emergency departments nationwide. When wounds with fewer than 105 microorganisms were closed, 
the infection rate dropped to less than 1%.

The importance of quantitative microbiology in bone also has been demonstrated. When sternal wounds are 
débrided and closed only when bone cultures show fewer than 105 microorganisms per gram, the infection 
rate for wounds is all but eliminated. Quantitative microbiology adds scientific precision to the measurement of 
soft tissue contamination and makes wound closure, by any modality, a matter of clinical accuracy rather than 
guesswork.

 13. Should quantitative microbiology be used before closing all wounds?
No. The use of any test in every case, no matter how inexpensive or readily available, is as inappropriate as 
never using it. Neither approach is biologically sound. Clean surgical wounds and traumatic wounds under clean 
conditions (e.g., cuts around the home) are most likely free of unusual contamination. Our studies have shown that 
almost 80% of unselected wounds presenting to the emergency department fall into the clean category. It is the 
other 20% that cause the infections. Quantitative microbiology is indicated in wounds that are known, by history, to 
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be contaminated. Human bites involve major bacterial contamination. Most dog bites are “clean” because the dog’s 
mouth has fewer than 103 bacteria per gram unless the dog has eaten meat in the previous 8 hours. In this case, 
the counts go as high as 107 bacteria per gram. The imaginative surgeon will ask about the dog’s eating pattern, 
recognizing the effect of meat (biscuits and dry food do not raise counts), and discern which wounds will benefit 
from quantitative counts (Fig. 6-2).

 14. What is the value of antibacterial agents in problematic wounds?
Antibacterial agents must be appropriate for the organism most likely to cause the infection and must be given at the 
proper time, in the proper dose, and by the proper route to be effective.

Time. The proper time to give an antibacterial is before the contamination occurs so that an effective level is  present in 
the tissue when bacterial contamination occurs. Most persons do not walk around on antibacterial therapy. In patients 
with lymphedema or edema of a healing burn, however, long-term prophylaxis against streptococcal  infection 
is appropriate, and a narrow-spectrum agent (penicillin) is indicated. In many elective operations, intravenous 
 administration of an antibacterial as surgery begins is appropriate and should be repeated at intervals if the opera-
tion is  prolonged. Contaminated traumatic wounds also are appropriately treated with systemic antibacterials if the 
danger of contamination is high and if the antibacterial can be delivered within the golden period of about 3 hours. 
Most clean lacerations have minimal contamination, and in large series of patients systemic antibacterials show no 
advantage. It cannot be emphasized enough that the widespread emerging resistance of microorganisms to most, in 
some cases even all, antibacterials can largely be traced to the indiscriminate, broad-spectrum use of antibacterials 
when they are not indicated.

Route. The bloodstream is the finest delivery system yet invented and is to be preferred for all antibacterials unless 
scientific evidence indicates otherwise. After about 3 to 4 hours, antibacterials in the bloodstream no longer reach 
the wound. An open wound can be measured by quantitative bacterial culture before and during administration of 
systemic antibacterials. When systemic administration of the antibacterial at many times the normal dosage has no 
effect on the bacterial level in the wound, you can conclude only that the route is not appropriate. This, of course, is 
the scientific and biologic basis for the use of topical antibacterials, which reach the wound and, in fact, reduce the 
bacterial count. It is logical, therefore, when managing a contaminated wound to use the following steps:

More than 105/g

More than 105/gLess than 105/g

Less than 105/g

Close wound

Débride, irrigate,
close wound

Quantitative microbiologic bacterial count

Example: surgical wound in
contaminated field

Contaminated Wound

Débride, irrigate, close wound

Example: elective surgical incision,
traumatic wound from clean knife

Clean Wound

Débride, irrigate, leave
open, use topical antibacterials

Repeat quantitative
microbiology

Repeat débridement, irrigate
under pressure, apply topicals
until count is less than 105/g

Figure 6-2. Algorithm for managing clean and contaminated wounds.
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1. Culture the wound by quantitative microbiologic techniques and determine the microorganism that is present, at 
what level, and which antibacterial is appropriate. If the count is more than 105 microorganisms per gram of tissue, 
it is not safe to close the wound; if fewer than 105 microorganisms per gram of tissue are present, close the wound.

2. Use the antibacterial by the proper route until you can demonstrate that the bacterial count has been reduced to a 
safe level of fewer than 105 microorganisms per gram of tissue. Then close the wound. The documented success 
rate for closure of wounds managed in this fashion is greater than 98%.

 15. My laboratory does not perform quantitative microbiology. Please comment.
Hogwash. Every microbiologic laboratory in the United States performs quantitative bacterial cultures on urine on a daily 
basis. With simple equipment (costing less than $100.00), laboratory workers can weigh, crush, and dilute soft tissue 
and perform the test in about 30 minutes (rapid slide). They also can give you accurate cultures and sensitivities in 24 
hours, as they do with urine samples. They do not perform quantitative analysis because you did not ask them to do so. 
Hospitals that spend millions of dollars on expensive equipment, such as magnetic resonance imaging (MRI) machines, 
will gladly perform the test free of charge if you show them that you can prevent even one wound infection or save even 
one patient a single day in the hospital. There are more resistant surgeons than there are resistant microorganisms.
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PrinciPles and aPPlications of 
Vacuum-assisted closure (Vac)

 1. What is vacuum-assisted closure (VAC)?
Vacuum-assisted closure (VAC) is a system that promotes the healing of wounds. VAC is based on the principal that 
negative pressure applied to the wound will promote an improved environment for wound healing.

The concept of a vacuum was first presented by Evangelista Torriculli in the early seventeenth century. In 1993, 
Fleischmann described his technique of porous polyvinyl alcohol foam wrapped around suction drains, which was 
introduced into a wound sealed with a polyurethane drape and attached to a suction apparatus at 600 mm Hg. His 
description in German presented 15 patients. In 1997, Drs. Louis Argenta and Michael Morykwas presented their 
experience using the V.A.C. device, which was licensed by Kinetic Concepts of San Antonio, Texas. They presented 
their experience at Wake Forest University in North Carolina with 175 chronic wounds, 94 subacute wounds, and  
31 acute wounds over a 9-year period. In a second paper published at the same time, they presented their animal study 
experience over the same 9-year period.

 2. How is the VAC applied and managed while treating a wound?
VAC requires placement of a sponge material on or into the wound. The sponge is made of reticulated polyurethane 
ether foam that is cut to fit the wound. An occlusive drape then is placed over the sponge and onto the surrounding skin. 
An opening is made in the drape, and tubing is fixed to the exposed sponge with an occlusive seal. The suction tube is 
attached to a collection canister, which is attached to an adjustable vacuum pump (Fig. 7-1).

Foam made of polyvinyl alcohol (white foam) also can be used in VAC. The vacuum pump can be used as continuous or 
intermittent vacuum using pressures of 75 to 125 mm Hg when using the polyurethane foam and as higher continuous 
pressures of 125 to 175 mm Hg when using the polyvinyl alcohol foam. The foam dressing is changed every 48 hours. 
At the time of foam change, other traditional wound healing modalities, such as pulse lavage, can be used. Silver-
impregnated foam sponge has been introduced recently to provide a bacteriocidal sponge in patients with colonized 
wounds.

 3. How does the VAC work?
Although clinical and laboratory experience to date has been exhaustive, the exact mechanism explaining why VAC 
management is so effective in treating wounds is not fully understood. It is evident that suction on the wound results in 
the following:
1. Removal of interstitial fluid
2. Decrease in bacterial colonization of the wound
3. Increase in wound vascularity

It is also postulated that tissue and cellular deformation creates a steady-state stress on the cell walls, which in turn 
stimulates growth factor pathways.

 4. What have laboratory studies shown?
Morykwas demonstrated in a pig model an increase in blood flow, increased granulation tissue formation, increased 
bacterial clearance, and increased length of survival in random pattern flaps subjected to negative pressure. He showed 
an increase in blood flow in both subcutaneous tissue and muscle with a peak blood flow of four times baseline 
values when 125 mm Hg was applied to the vacuum. The increase in local blood flow declined after 5 to 7 minutes of 
continuous subatmospheric pressure and finally returned to baseline. With pressures of 400 mm Hg and greater, a fall in 
blood flow to below that seen in baseline values when applying intermittent subatmospheric pressure was noted  
(Fig. 7-2). An increase in local blood flow was observed when negative pressure was applied, with a return to baseline 
when vacuum application was turned off. Wounds treated with VAC were noted to fill with granulation tissue at 
a significantly increased rate compared with control wounds treated with saline dressing changes. This increase 
in granulation tissue was noted with continuous suction and was even more significant with intermittent suction. 
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Bacterial clearance studies showed a significant drop in organisms per gram of tissue between the fourth and fifth days, 
with bacterial levels remaining low throughout the duration of VAC treatment. Bacterial levels in the control wounds 
peaked at day 5 and dropped after a mean of 11 days.

 5. What are the indications for use of the VAC?
VAC is indicated in any patient who would benefit from this device, which promotes wound healing. VAC is indicated for 
chronic open wounds, diabetic ulcers, stasis ulcers, acute and traumatic wounds, and dehisced wounds. It has been 
shown to be of immense benefit in stabilizing acute skin grafts. It is beneficial in the treatment of venomous bites and 
extravasation injuries. It is useful in soft tissue decompression in extremities after fasciotomy.

VAC treatment is advantageous compared with traditional dressing changes for a number of reasons. The sponge must be 
changed every 2 to 3 days compared with traditional dressing, which must be changed daily at a minimum and often two 
or three times each day. VAC sponges need to be changed only every 2 to 3 days because a closed, moist environment is 
maintained during the course of vacuum application. The wounds heal more rapidly, resulting in either a more expeditiously 
healed wound or a shorter time lag between initial injury or débridement and definitive surgical wound closure.

 6. What are contraindications to VAC?
The VAC should not be used under several circumstances. It is contraindicated if hemostasis is not adequate. If a 
wound is bleeding or oozing, the negative pressure may continue removing blood into the collection system. VAC also 
is not indicated if necrotic or sloughing tissue is present in the wound. The wounds must be surgically débrided prior 
to application of the sponge, and VAC treatment does not preclude the need for sound surgical principles of adequate 
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Figure 7-1. The V.A.C. system suction machine and schematic of the sponge filling the dead space of a wound. 
(From WFUSM Plastic Surgery Collection.)
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Figure 7-2. A, Foam dressing is cut to fit the wound and the wound sealed with adhesive drape. B, When suction is applied the 
foam dressing collapses into the contours of the wound. (From WFUSM Plastic Surgery Collection.)
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débridement and hemostasis. The sponge should not be placed directly over major exposed blood vessels and 
organs. If vasculature or major organs are exposed, a petroleum-impregnated gauze should be interposed between 
the vital structure and sponge. If the vital structure is compromised with any question of viability of a vascular wall, 
VAC treatment probably is not indicated. Instances of exsanguination in situations where the VAC was inappropriately 
applied to compromised vasculature have been reported. The system should not be used in nonenteric fistulae that are 
unexplored without knowing what may lie at the base of the fistula.

 7. What are the complications of vacuum-assisted therapy?
The skin surrounding the treated wound may develop sensitivity and irritation from the sponge or overlying occlusive 
drape, yeast infection due to prolonged moisture under or adjacent to the drape may develop, or pressure necrosis 
of the skin, which is most commonly caused by poorly placed tubing compressed too tightly against the skin, may 
occur. Hematoma and hemorrhage may occur in wounds with inadequate hemostasis. Wound infection may develop in 
inadequately débrided wounds. Intermittent débridement, pulse lavage, and standard wound management modalities 
must be incorporated into the VAC management protocol. Toxic shock when the negative pressure was not maintained 
has been reported. If the wound fails to respond to VAC management, then other modalities should be instituted. Patients 
may experience pain. Lowering the suction pressure will often alleviate the pain, but clearly if pain cannot be controlled 
with analgesia, VAC management may have to be abandoned.

 8. What role does the VAC have in the management of chronic nonhealing  
wounds?
Chronic wounds are those that fail to heal in the orderly phases of inflammation, proliferation, and maturation. 
Common chronic wounds include pressure ulcers, diabetic ulcers, venous stasis ulcers, vasculitic ulcers, and chronic 
nonhealing wounds resulting from trauma or dehisced surgical wounds. Systemic reasons such as chronic debilitation, 
malnourishment, diabetes, and sepsis may be present, but in all cases a local phenomenon inhibits or fails to stimulate 
the wound healing cascade. The chronic wound develops progressive edema, compromise of perfusion, and protease 
imbalances. These wounds have elevated levels of proteolytic enzymes and cytokines, which inhibit granulation tissue 
formation and epithelialization. This unfavorable environment is ideal for bacterial colonization and development of a 
vicious cycle with inability of the wound to heal.

The fluid that is drawn from the wound by the VAC system is rich in cytokines, acute phase proteins, and proteolytic 
enzymes, which suggests that inhibiting factors are removed from the wound. As the wound develops increased 
blood flow resulting from removal of interstitial fluid and a less favorable environment for bacterial proliferation, 
chronic nonhealing wounds begin to behave more like acute wounds with rapid healing. Wounds that previously 
were stagnant for weeks, months, and in some instances years usually demonstrate a steady progression to a 
healed state.

 9. What is the role of the VAC in the management of acute wounds?
The VAC provides an ideal wound dressing and can be used either for healing the acute wound or as a bridging and 
preparatory modality until definitive wound closure is accomplished. The VAC maintains a moist stable wound while 
minimizing edema formation and maximizing arterial inflow. Prior to application of the VAC the acute wound must be 
appropriately managed with débridement of nonviable tissues, irrigation, and hemostasis. Because VAC sponges are 
changed only every 2 to 3 days, patients experience less pain with fewer dressing changes and, in the case of massive 
wounds where dressings must be changed intraoperatively, operative visits and frequent administrations of anesthesia 
are minimized.

 10. Is the VAC system efficacious in the management of wounds in children?
The VAC device enables earlier coverage with local tissue and skin grafts in children with complex tissue injuries 
as it does in adult patients. This minimizes the need for microvascular tissue transfers and other local flaps 
with the attendant donor site scarring and morbidity. Children are more sensitive to the pain and discomfort 
associated with VAC changes and are more likely to require anesthesia or heavy sedation for VAC changes. 
Therefore, children are less likely to be good candidates for outpatient VAC. However, the VAC does minimize the 
need for daily dressing changes and expedites the time from injury to satisfactory wound healing or definitive 
wound closure.

 11. How is the VAC used to treat acute wounds with exposure of bone, tendon, and vital 
structures?
The VAC is extremely useful for wounds in which bone is exposed, especially when the periosteum is intact. The VAC 
system promotes granulation tissue, either bridging the time for definitive wound closure or enabling a simpler surgical 
option such as Integra and a split-thickness skin graft. If healthy tendon is exposed in the wound, a nonadherent 
dressing beneath the foam may minimize desiccation and trauma to the tendon.
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 12. How is the VAC used to salvage exposed orthopedic hardware?
If hardware is exposed in the wound, VAC therapy often promotes healthy granulation tissue, enabling secondary wound 
closure or flap coverage without the need to remove the hardware. Sound surgical principles must be followed, and if loose 
screws, large plate exposure, or infection is present, hardware must be removed and alternative fixation established.

 13. How is the VAC used to manage the open abdominal wound and abdominal 
compartment syndrome?
If an open abdominal wound is exposed to the fascial level, the VAC system is applied as with any soft tissue wound. If 
the fascia is open following a fascial dehiscence, care must be taken to avoid injury to the underlying bowel and vital 
structures.

Exposure of intraabdominal contents will be seen in the abdominal compartment syndrome. Bowel edema due to abdominal 
trauma from lengthy intraabdominal operations can be significant such that the abdominal wall cannot be closed.

A fenestrated nonstick dressing should be placed over the bowel to act as an interface between bowel and overlying 
sponges. The VAC will remove intraabdominal fluid, with resolution of bowel edema while aiding skin and fascial 
approximation. The patient can be returned to the operating room for reexploration as needed. As bowel edema resolves 
and the defect narrows, the wound will be amenable to secondary closure. If the wound cannot be closed secondarily, 
for example, following loss of abdominal wall soft tissues in a traumatic injury, usually sufficient granulation tissue will 
be present on the bowel to enable performance of a temporizing skin graft.

 14. What is the role of the VAC in the management of sternal wounds?
Cardiac surgeons have accepted the VAC as an effective method for managing a sternal wound dehiscence. When the 
vacuum pump draws air from the porous sponge, the sponge collapses, pulling the edges of the sternum toward the 
midline (Fig. 7-3). This stabilizes the chest wall, minimizing the need for ventilator support in acutely ill patients. Once 
the wound is adequately débrided, definitive closure of the sternum or defect can be accomplished. Patients with open 
sternal wounds are at risk for right ventricular rupture as well as leakage of fresh vascular grafts. Care must be taken to 
interface the heart and overlying sponge with petroleum gauze.

The VAC is efficacious in the management of superficial sternal infections and partial dehiscences. In many instances, 
appropriate débridement, removal of wires, and VAC management will lead to a healed situation.

 15. What is the role of the VAC in extravasation injuries and toxic bites?
We know that the efflux in VAC collecting systems is rich in wound fluids, including cytokines and other wound healing 
factors. Morykwas showed the efflux to be rich in myoglobin in patients with crush injuries and myoglobinuria. 
Morykwas also demonstrated that early application of the VAC to a site of doxorubicin injection in a pig model prevented 
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Figure 7-3. A, Recording from laser Doppler needle flow probe placed into subcutaneous tissue at edge of wound. Flow 
(perfusion units) measured over time (minutes) increased from baseline on cyclical application of 125 mm Hg and returned to 
baseline during off cycle (5 minutes on, 2 minutes off cycle). B, Recording from laser Doppler needle flow probe placed into 
subcutaneous tissue at edge of wound. Flow (perfusion units) measured over time (minutes) decreased from baseline levels on 
cyclical application of 400 mm Hg and returned to baseline during off cycle (5 minutes on, 2 minutes off cycle). (Reprinted with 
permission from Morykwas MJ, Argenta LC, Shelton-Brown EI, McGuirt W: Vacuum-assisted closure: A new method for wound 
control and treatment: Animal studies and basic foundations. Ann Plast Surg 38:553–562, 1997.)
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ulcer formation. It is evident from these experiences that the VAC withdraws fluids from the wound environment. The 
vacuum system applied to extravasation of toxic medications and venomous bites is an effective means to aspirate toxic 
materials that remain in the wound environment after débridement. Our group has used this method after extravasation 
injuries and brown recluse spider bites, with excellent response.

 16. How does the VAC benefit patients requiring decompression fasciotomy?
VAC dressings are an ideal way to manage wounds following a decompression fasciotomy. With VAC treatment the 
edematous muscle and tissue are decompressed rapidly over a period of 2 to 3 days. The interval between fasciotomy 
and wound closure is lessened. In most instances the fasciotomy wound can be closed secondarily rather than requiring 
a skin graft for wound coverage, which has been the traditional method for management of fasciotomy wounds treated 
with daily saline dressing changes.

 17. What role can the VAC play in skin grafting?
The VAC is an ideal method with which to stent a skin graft. When the air is withdrawn from the sponge, the firm sponge 
serves as a stent that holds the graft in place for revascularization. The negative pressure also seems to stimulate more 
rapid neovascularization, providing a better bed for full-thickness skin grafts, dermal substitutes, and grafts on the 
diploic layer of bone with little granulation tissue.

 18. How is the VAC helpful in managing wounds with artificial dermal substitutes such 
as Integra?
An advantage of using the VAC in skin grafting is that the sponge conforms to the wound, providing an optimal 
splint of the underlying skin. This is also true in the case of dermal substitutes such as Integra. Molnar showed both 
experimentally and clinically that the VAC promotes more rapid vascularization of Integra. Traditionally, Integra is not 
ready for a secondary skin graft for 2 to 3 weeks, but when managed with the VAC a secondary skin graft can be 
applied in 1 week or less with 93% skin graft take (Fig. 7-4).

 19. How is the VAC used in the management of acute burns?
Morykwas showed in a swine model that the VAC decreases burn wound progression (Figs. 7-5 and 7-6). This is 
likely due to removal of edema fluid allowing improved blood flow into the burn wound environment. This in turn 
minimizes tissues in the zone of stasis progressing to the zone of coagulation with resultant tissue necrosis. When 
applied to hand burns, the VAC results in more rapid reduction of hand edema, allowing improved physical therapy 
and hand mobility.

 20. Can the VAC be placed over a fresh wound closure or fresh flap?
The collapsed VAC sponge does not traumatize a fresh wound closure or a fresh flap. During the first 24 hours after 
wound closure the wound is not yet sealed, and the VAC is beneficial in drawing serous ooze from between the suture 
line. It can be applied over a fresh flap and does not result in any compromise to the underlying flap. Indeed, the 
negative pressure likely enhances blood flow to the distal aspects of the flap.
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Figure 7-4. Percent increase (mean ± 
SD) in rate of granulation tissue formation 
of acute wounds in pigs compared to 
conventional wet to moist saline gauze 
dressing changes (control). Both continuous 
(N = 10) and intermittent (N = 5) application 
of subatmospheric pressure to the wounds 
resulted in a significant increase (P ≤.01) 
in the rate of granulation tissue formation. 
(Reprinted with permission from Morykwas 
MJ, Argenta LC, Shelton-Brown EI, McGuirt 
W: Vacuum-assisted closure: A new method 
for wound control and treatment: Animal 
studies and basic foundations. Ann Plast 
Surg 38:553–562, 1997.)
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 21. Does the VAC require prolonged hospitalization and how is it used in outpatient 
management?
If the patient’s general medical condition lends itself to outpatient care, the patient can be managed with the VAC 
on an outpatient basis. The Freedom VAC is a small battery-operated vacuum pump that enables the patient to be 
mobile at home. Nurses who are trained in VAC management only need to visit the home every 2 to 3 days for VAC 
dressing changes rather than daily or even twice daily for saline dressing changes. This minimizes the need for 
lengthy hospitalizations of patients who otherwise can be managed at home, with a reduction in the cost of wound 
management.
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Figure 7-5. Daily quantitative bacterial 
loads (mean ± SD) (log number of organisms 
per gram of tissue) of deliberately infected 
wound tissues. Wounds treated with 
vacuum-assisted closure (VAC) exhibited 
a significant decrease in the number of 
microorganisms after 4 days of treatment 
(N = 5). (Reprinted with permission from 
Morykwas MJ, Argenta LC, Shelton-Brown EI, 
McGuirt W: Vacuum-assisted closure: A new 
method for wound control and treatment: 
Animal studies and basic foundations. Ann 
Plast Surg 38:553–562, 1997.)

Figure 7-6. Vacuum-assisted closure foam dressing filling a sternal wound. The tubing is attached to the vacuum pump, which is collapsing  
the foam beneath the occlusive drape. (From WFUSM Plastic Surgery Collection.)
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 22. Is VAC management of a wound cost-effective?
VAC management of a wound has higher costs for the materials, which include the sponges, occlusive drapes, and the 
vacuum machine, which must be rented per diem. However, because the VAC system promotes more rapid healing, 
the duration of dressing changes until final wound healing or definitive wound closure is shorter, which more than 
compensates for the costs of the materials. As physicians, outpatient nurses, and home care specialists become more 
experienced and adept at managing the VAC, patients are discharged to home VAC treatment, which reduces the need 
for prolonged inpatient care and these inherent costs.
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The FeTal Wound 8

 1. What is the major phenotypic difference that distinguishes fetal from adult wound 
healing?
Adult cutaneous wound healing involves the process of scar formation. However, fetal cutaneous wound healing is 
scarless, appearing more like tissue regeneration than wound repair.

 2. How was scarless fetal wound healing discovered?
Scarless fetal wound healing was originally described by Rowlatt in 1979 following his observations of wounds 
sustained in utero. Later, in the early 1980s, Harrison and his team of pediatric surgeons at the University of California 
San Francisco made the observation that patients who underwent fetal surgery healed without scar. This second 
observation sparked the interest of a multitude of scientists around the world and led to a deeper investigation into the 
process of fetal wound healing.

 3. What surgical approaches are used to access the fetus?
The open approach involves performing surgery in a manner very similar to a cesarean section. A hysterotomy is made 
and the fetus is exposed. At the conclusion of the procedure the fetus is returned to the uterus and the hysterotomy is 
repaired. The ultimate delivery requires a formal cesarean section. More recently, minimal fetal access surgery, also 
known as fetoscopy or FETENDO, has developed into a viable alternative for a number of fetal procedures. Endoscopes 
as small as 1 mm have been developed to assist in these procedures. Trocars often can be inserted directly through 
the abdominal wall and uterus percutaneously with ultrasound guidance to assist in locating a safe area of the uterus 
through which to enter. Depending on the position of the uterus, a minilaparotomy may be needed to access a safe 
portion of the uterus. Transuteral fetal fixation with fixation sutures is often used to position the fetus in the ideal position 
within the amniotic cavity.

 4. What potential complication is considered the major limiting factor to fetal surgery, 
and what is done to attempt to prevent it?
Preterm labor is considered the greatest limiting factor when performing fetal surgery. To reduce the likelihood of 
inducing preterm labor, indomethacin frequently is given to the mother preoperatively. Several inhalational agents may 
be used to maintain uterine relaxation. Intravenous agents such as nitroglycerine, magnesium, and terbutaline also may 
help reduce uterine tone. Agents used to achieve uterine relaxation must be balanced against maternal hypotension to 
avoid decreasing placental perfusion.

 5. Does the process of fetal wound healing follow the same patterns as adult wound 
healing?
No. Adult wound repair is characterized by five stages: hemostasis, inflammation, proliferation, early remodeling, and 
late remodeling. The first three stages take several weeks to be completed, and the final remodeling stages may last for 
months to years. In contrast, the scarless fetal wound repair process occurs at an accelerated rate, with restoration of 
normal tissue architecture within 5 to 7 days after injury. The acute inflammatory stage of healing is absent.

 6. Is the ability of the fetus to heal without scar purely a function of being in the womb, 
bathed by amnionic fluid?
No. Three experiments prove that such is not the case. First, fetal marsupials, which move outside the womb and 
develop in a maternal pouch, heal without scar. Second, human fetal skin transplanted onto the backs of adult mice with 
severe combined immunodeficiency regenerates. Neither of these cutaneous tissues is in contact with amnionic fluid 
during or after the time of wounding, indicating that the process is intrinsic to the fetal cells. Finally, a study in which 
adult sheep skin was transplanted onto fetal lambs at a point during gestation when scarless repair normally would 
occur instead healed with scar and fibrosis indistinguishable from adult wound healing.

 7. Is there a time limit to the process of fetal cutaneous wound healing?
Yes. The fetus is able to heal its wounds without scar only up to the early third trimester of gestation. After this point, 
cutaneous wounds develop an increasing amount of scar.
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 8. Do all fetal cutaneous wounds heal without scar?
No. Excisional wounds greater than 9 mm contract and heal with scar at all gestational ages. However, during the second 
trimester, excisional wounds less than 9 cm in size will heal scarlessly. From the beginning of the second trimester and 
onward, the size limit for scarless healing is inversely proportional to gestational age. This period, termed the transition 
phase, continues until the third trimester when the ability to heal scarlessly is completely lost for even the smallest wounds.

 9. How do the inflammatory cell mediators differ in fetal and adult wound healing?
The relative number of cells and the functional state of the individual cells differ in fetal wounds. Fewer neutrophils are 
present during the early fetal wound healing period in comparison to the adult wound, with fetal neutrophils possessing 
a diminished ability to phagocytize bacteria. Similarly, platelet aggregatory affinity to collagen is lower in the early 
fetal period, and a developmental ontogeny is evident with a transition to mature platelet aggregatory ability in the 
third trimester. The function of fetal macrophages has yet to be fully elucidated, but they may demonstrate a similar 
developmental change that further contributes to the loss of scarless wound healing capability in the third trimester.

 10. What effect does inflammation have on the fetal wound?
The induction of inflammation in fetal cutaneous wounds induces adult-like scar formation. Part of the observed effect 
of inflammation is the increased number of neutrophils and macrophages and the increased collagen deposition in 
the wound. The same effect is seen regardless of the type of inflammatory stimulus, indicating that inflammatory cells 
somehow alter the function of the fetal fibroblast and make it respond in a more adult-like manner.

 11. How does collagen synthesis differ within the fetal wound?
Fetal collagen synthesis occurs at an accelerated rate with apparently little to no excess deposition. The fetal wound is 
repaired primarily by the rapid and highly organized deposition of type III collagen. The ratio of type III to type I collagen 
is 3:1. In contrast, the adult wound type III collagen is laid down early in the healing process but is replaced primarily 
by type I collagen. At the end of adult wound remodeling, the ratio of type III to type I collagen is 1:3, the opposite of the 
fetal wound.

 12. What are the differences between fetal fibroblasts and adult fibroblasts?
Fetal fibroblasts have been shown to have greater migratory ability. This may be due, in part, to a greater number of 
hyaluronic acid (HA) receptors on fetal fibroblasts. Fetal fibroblasts synthesize more type III and type IV collagen than do 
their adult counterparts. Additionally, fetal fibroblasts have no delay in collagen synthesis during the proliferation phase, 
as is the case in the adult wound.

 13. What is the role of the extracellular matrix in fetal wound healing?
Several features of the extracellular matrix (ECM) characterize the fetal wound healing process. First, HA is abundant in 
the fetal wound, and it is produced 2 weeks longer than in adults. The abundance of HA is thought to aid in fibroblast 
movement, to promote cellular proliferation, and to inhibit cellular differentiation. Second, fibronectin is deposited faster 
in fetal wounds (4 hours vs 12 hours in adult wounds), rapidly providing a good scaffolding for epithelial cell migration. 
Finally, sulfated glycosaminoglycans (GAGs), such as decorin and heparin sulfate, are expressed at low levels in fetal 
wounds but increase with gestational age. This increase correlates with the development of scar formation after 
cutaneous wounding. It is thought that GAGs may play a role in the induction of cytodifferentiation.

 14. How may HA provide the matrix signal that coordinates healing by regeneration 
rather than by scarring?
HA is a key structural and functional component of the ECM in instances of rapid tissue proliferation, regeneration, and 
repair. HA is laid down early in the matrix of both fetal and adult wounds; however, sustained deposition of HA ensues 
in the fetal wound. Although the mechanism for prolonged HA deposition in fetal wounds remains unclear, the presence 
of HA–protein complexes in the fetal matrix may provide the signal responsible for promoting healing by regeneration 
rather than by scarring.

 15. Do all fetal tissues heal scarlessly?
No. To date, fetal skin, bone, and palatal mucoperiosteum are the only elements of the mammalian fetus that appear to 
be able to regenerate after wounding. Studies of tendon, diaphragm, nerve, and gastrointestinal tract have shown 
scar formation in response to wounding in both fetuses and adults.

 16. Do fetal wounds heal differently in congenital models versus surgically created 
models?
No. Models of dilantin-induced cleft lip in mice and anabasine-induced cleft palate in goats heal in the same manner 
as analogous surgically created models in both species—scarlessly. However, attributes characteristic of a congenital 
model, such as inherent facial dysmorphology yielding impaired midfacial growth in the congenital caprine cleft palate 
model, will not be seen in surgically created models.
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 17. Does amniotic fluid play a role in wound contraction?
Yes. Both fetal and adult fibroblast contraction are inhibited by human amniotic fluid. This effect progressively decreases 
with increasing wound size and advancing fetal age.

 18. Is the lack of wound contracture in the fetus due to lack of myofibroblasts in the skin?
No. Multiple studies using immunohistochemistry and transmission electron microscopy have demonstrated the 
presence of myofibroblasts in the fetal wound. However, the mere presence of these cells does not correlate with the 
ability to form a scar contracture. Studies have demonstrated that, in the fetal wound, myofibroblasts appear earlier 
after wounding than in the adult wound and, in contrast to adult wounds, disappear completely as healing progresses.

 19. Can adult skin placed into a fetal environment heal without scar?
No. Adult skin wounds always heal with scar regardless of their location. Experimental work in a fetal lamb model, in 
which adult maternal skin was placed as a graft within a fetal cutaneous defect, demonstrated healing by scar formation 
consistent with typical adult wound healing.

 20. How do growth factor profiles differ between fetal and adult wounds?
The fetal wound is characterized by a decrease in the activity of various growth factors, including transforming growth 
factor beta-1 and beta-2 (TGF-β1 and TGF-β2), platelet-derived growth factor (PDGF), and basic fibroblast growth factor 
(bFGF), compared with adult wounds. When activated in the fetus, these growth factors are expressed rapidly and for 
a short time. Experiments have shown that addition of exogenous TGF-β1 and TGF-β2 to the fetal wound induces scar 
formation, whereas inhibition of TGF-β1 and TGF-β2 through the use of neutralizing antibodies reduces cutaneous 
scarring in adult rats. This may explain why the presence of growth factor–secreting inflammatory cells in the fetal 
wound affects fibroblast function such that scar formation results. Another recent observation is that the proportion of 
growth factor isoforms and not the absolute amount of any single growth factor may alter scar formation. For example, 
TGF-β3 expression has been noted to be relatively increased in relation to TGF-β1 in the fetal wound, whereas the 
inverse is true in adult scarring wound: TGF-β1 is increased and TGF-β3 is decreased.

 21. What is the role of cyclooxygenase-2 and prostaglandin E2 in fetal wound healing?
The cyclooxygenase-2 (COX-2) pathway and its enzymatic product prostaglandin E2 (PGE2) are known to be critical 
mediators of the inflammatory response. Studies have demonstrated elevated levels of COX-2 and PGE2 in wounded 
adult skin compared with normal adult skin. It has been demonstrated that COX-2 expression levels become higher in 
fetal fibroblasts as gestational age increases. Additionally, fetal wounds created later in gestation have been found to 
contain higher levels of PGE2. A normally scarless fetal wound healing model has been shown to heal with scar when 
injected with PGE2. This collection of findings strongly implicates differences in the level of COX-2 expression as a factor 
in scarless fetal wound healing.

 22. How do the levels of the growth factors, interleukins, collagen, ECM modulators, and 
cell types involved in wound healing differ between fetal and adult wounds?
See Table 8-1.

CONTROVERSIES

 23. What regulates the process of fetal wound healing?
Current theories range from growth factor regulation to the coordinated expression of deoxyribonucleic acid (DNA)-
binding proteins such as homeobox genes. Whatever the mechanism, it probably involves the process of decreased 
inflammation and regulation of increased fibroblast and epidermal proliferation.

 24. What is the potential advantage of scarless fetal wound healing in the treatment of 
congenital craniofacial anomalies?
Scarless healing in utero may minimize or prevent facial dysmorphology associated with anomalies such as cleft lip and 
palate. Maxillary hypoplasia, with resultant midface retrusion and relative prognathism, is often the result of surgically 
induced scar formation after repair of cleft lip and/or palate. Increased lip pressure after postnatal repair of cleft lip in 
animals is also associated with progressive midface hypoplasia. Thus, the major advantage of scarless fetal wound 
healing is unimpaired facial growth without the adverse effect of the lip and/or palate scar.

 25. Can scarless healing after in utero repair of cleft lip and palate completely eliminate the 
facial growth abnormality associated with postnatal, surgically induced scar formation?
Not likely. An intrinsic factor contributes to facial growth impairment in repaired as well as unrepaired congenital clefts. 
The incidence of this factor is unpredictable and variably expressed. This intrinsic component of facial dysmorphology is 
unrelated to scar formation and, thus, is largely unaffected by the nature of the healing process. However, the presence of 
scar may adversely affect the expression of this intrinsic factor, resulting in a greater degree of facial growth impairment.
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elements FetAl: ADUlt leVels

Growth Factors

TGF-β1 ↓
TGF-β2 ↓
TGF-β3 ↑
PDGF ↓
FGF ↓
VEGF ↑
Interleukins

IL-6 ↓

IL-8 ↓
IL-10 ↑
Collagen

Type I ↓
Type III ↑
Type IV ↑
eCm modulators

HA ↑
Decorin ↓
Lysyl oxidase ↓
MMP ↓
Fibromodulin ↑
Cells

Platelets ↓
Neutrophils ↓
Myofibroblasts ↓

table 8-1. Elements Involved in Wound Healing
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Mark Gorney, MD, FACS

LiabiLity issues in PLastic surgery

 1. What makes plastic surgeons such frequent targets for malpractice lawsuits?
It is a combination of factors:

 • If your practice is primarily aesthetic surgery, you are not trying to make sick patients well. You are making well 
patients temporarily “unwell” to make them better, clearly a heavy responsibility.

 • The result of our treatment, unlike that of any other physician’s, is always in the eye of the beholder; there are no 
exact parameters.

 • Except for psychiatrists, plastic surgeons face a greater variety of hidden patient agendas and psychological barriers 
affecting the evaluation of the “final product” than any other physician in practice.

 • Like it or not, plastic surgeons are physicians not only of flesh and blood but, in a manner of speaking, also of the 
soul. Our best results can have explosively positive effects and improve the quality of life for the patient, whereas 
unfavorable results can destroy it, sometimes forever.

 2. Can you enumerate those qualities that make one doctor less prone to lawsuit than 
others?
I can identify at least five:

1. Competence
2. The ability to communicate clearly, which includes careful listening
3. The wisdom to select patients who are appropriate to the procedure they seek and the courage to reject those 

who are not good candidates
4. The pursuit of valid informed disclosure and accurate documentation in well-kept records
5. An engaging personality

 3. Can you expound on what constitutes “competence”?
Three dimensions are important: (1) knowledge and training, (2) natural manual dexterity, and (3) imagination plus 
flexibility of the brain. Any person who possesses a valid certificate from the American Board of Plastic Surgeons (ABPS) 
is presumed to have sufficient knowledge and training. Manual dexterity is important for obvious reasons. Imagination 
and flexibility of the mind, however, gives one a wider range of possibilities and keeps one out of trouble. In other words, 
if Plan A fails, how quickly can you come up with Plan B? Further, as Luis Vasconez would advise, if Plan A fails, Plan B 
should not be the same as Plan A.

 4. What about “communication”? That covers a lot of ground, doesn’t it?
Although many factors enter into the creation of that ephemeral state called “rapport,” none is more critical than being 
able to deliver information clearly and to verify that it has been understood. Remember that you are often talking 
to a patient who may be maximally distracted by preoperative apprehension or postoperative narcosis. Sometimes 
communication is impaired by concern or anger at what the patient perceives has happened. It is necessary to maintain 
a constant demeanor of confident calm and caring, no matter how badly your colon is constricting at the sight of a 
purple areola. It has been repeatedly noted by your most successful peers that patients who actually feel your touch 
(within the strictest ethical limitations) will never refer to you later as “cold” or “arrogant.” Remember that lawsuits are 
seldom filed against friends or someone you like.

 5. Can you explain the rules of the game in “patient selection”?
A normal temperature and a valid credit card, per se, are totally inadequate criteria for accepting a patient seeking 
aesthetic surgery. Figure 9-1 gives the breakdown in percentage distribution of all claims at The Doctors Company 
against plastic and reconstructive surgeons. The pie graph shows the distribution by procedures for the year 2005. 
Remember that this graphic represents more than 80% of claims of any sort filed against our membership, all deriving 
from aesthetic operations. All statistics represent only ABPS-certified surgeons. The heavy majority involve surgery 
of the breast. There is little disagreement between plastic surgeons and psychiatrists that patients exhibiting signs of 
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inappropriate motivation are inevitably poor candidates for aesthetic surgery. Unfortunately for us, these patients seldom 
walk into the examination room with a label on their lapel. Before you say “yes,” take the trouble to investigate whether 
the problem lies in the anatomic part complained about or inside their head. You must listen “between the lines,” read 
body language, and follow what your gut is telling you. Also listen to the comments of the people at the outside desk.

 6. Are there any reliable signs by which one can identify potentially problematic patients?
There are three categories of questionable surgical candidates:

1. Anatomic unsuitability
2. Questionable motivation
3. Psychological inadequacy

The first of these should be obvious and need no discussion. No matter how adroit you may be, you cannot make a 
Dior gown out of sack cloth. The second can be established but needs some probing. Find out why the patient is really 
there. The third is the one that carries the riskiest prospect for the unaware surgeon and one that should be considered 
carefully before deciding whether or not to proceed.

Many years ago we decided to put this into practical application. Although in our discipline there are no Ouija boards, 
Figure 9-2 shows a chart that I and many other colleagues have found extremely useful. In classifying prospective 
patients, it helps to contrast the patient’s complaint through the surgeon’s eyes along the horizontal axis versus the 
degree of concern, as expressed by the patient, along the vertical axis. Two obvious extremes emerge. The patient with 
a significant problem but little concern is indicated in the lower right corner, and the patient with a minimal deformity 
but disproportionate concern is shown in the upper left. You can virtually depend on the probability that the patient on 
the lower right will regard any degree of improvement with satisfaction, whereas the one in the contralateral upper 
corner likely will never be satisfied no matter what you do. The reason is simple. This patient probably is manifesting 
unexpressed, inner turmoil by focusing on a minor imperfection. In its serious manifestation it is called body dysmorphic 
syndrome. He or she is far better served by a psychiatrist’s couch than a surgeon’s table. Most of your patients will fall 
along the diagonal axis. The closer they are to the upper left corner, the less you should consider operating. The more 
they tend to the lower right corner, the likelier you are to emerge with a happy patient. In our office, within the patients’ 
charts a checkered diagram is found on the inside of the back cover of the record with the check mark of my initial 
impression at first consultation. Then if the patient who is “shopping” calls back, we know immediately whether to 
make an appointment or find an excuse. Whatever you decide, I strongly urge that you not be swayed by the prospect 
of a substantial fee or your weak ego. If you err, or an act of God ensues, I can guarantee you that the final price you 
will eventually pay will be far costlier than forfeited income. Your heaviest cost will be experienced through personal 
 stress-induced consequences you never imagined possible.

 7. One hears so much about the importance of “informed consent.” What does that 
mean, and how different is that from plain vanilla consent?
The short answer is that it may be quite simply the difference between winning or losing a malpractice lawsuit if a 
dispute involves adequate disclosure. A plain consent, the sort they use in hospitals or surgi-centers (and, unfortunately, 
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by some of our more cavalier colleagues), is invariably a nonspecific, boiler-plate document that seldom refers to the 
specific procedure to be done. It is an attempt at obtaining sweeping absolution from just about anything and almost 
never refers to the event in question. It can easily be made irrelevant by plaintiffs’ attorneys. Plastic surgeons must 
adhere to a much more specific and tighter format. You have an “affirmative duty.” You are required to disclose the most 
common risks and the appropriate information that applies; not wait until the patient asks. This type of informed consent 
does not have to include an orgy of mindless disclosure that will scare the patients out of scheduling a desired surgery. 
However, in medical situations, patients must be given sufficient information to make an intelligent decision. The U.S. 
Supreme Court, long ago, established that it is the patient’s prerogative, not the physician’s, to decide where his or her 
best interests lie.

Figure 9-3 shows a typical consent format that will differ for each type of procedure. It is unique in that every 
item requires the patient’s initials next to it. At the bottom, both patient or guardian and doctor sign a confirmation 
statement. A copy then goes into the office record, a second one with the patient preoperatively to take home, and 
a third one into the hospital record if needed. In our experience, when this format was used, not a single claim of 
inadequate disclosure succeeded. Also, it tends to discourage plaintiffs’ attorneys from taking such cases. Please 
understand that no permit is guaranteed to protect you without exception, regardless of how elaborate, but this 
format comes as close as any.

You can tailor this form according to the way you do the procedure, or you can request copies of The Doctors 
Company’s informed consent form whether or not you are an insured member. Just remember one thing: 
Information delivered and documented before the event is valid consent. Information delivered after the fact is a 
lame excuse.

 8. Just how much and what sort of information is needed to fully qualify the consent as 
“informed”?
The extent of disclosure varies with the condition being treated. In situations in which the contemplated procedure is 
purely elective, as in aesthetic operations, the range of disclosure may have to expand. It should include a description 
of the proposed procedure (in layman’s terms), reasonable risks, possibility of untoward consequence, possibility of 
side effects, degree of anticipated discomfort, anticipated range of improvement, time required for complete healing 
and disappearance of inflammatory effects, degree and length of social disability, and so on according to your own 
criteria and estimation of the patient’s hunger for information. By sharing the uncertainty of clinical practice, this 
exercise can actually draw the patient and doctor closer together instead of creating two adversaries confronting 
each other.

 9. Can you specify how a surgeon’s personality and attitude are factors in malpractice 
claims?
Certain personal characteristics that are in common among claims-free surgeons help them avoid lawsuits. First, and 
foremost, is a warm, engaging personality. Obviously, someone who has a sensitive, caring attitude, a cordial demeanor, 
and a sense of humor will be a less likely target for claims than someone whose demeanor comes across as reserved, 
distant, and/or arrogant. The ability to communicate well and listen carefully, about which we have already spoken, is an 
attribute commonly seen in the claims-free surgeon.

10. What can be done to prevent things going from bad to worse?
Once the rapport is damaged, you must put yourself in the patient’s head. That patient feels a sense of helplessness 
and frustration that may quickly convert to uncertainty and then, inevitably, to anger if you do not intervene. “If 
this is the doctor’s fault,” the thinking goes, “then the responsibility for fixing it falls on the doctor.” Whether or not 
this perception conflicts with actual facts is another story. This is the time when you should intervene with visible 
concern, not self-flagellating guilt. Unquestionably, this may clash with your own anxieties and ego loss. You have to 
put aside your understandable reactions and do what you can to arrest the progress of what will otherwise become 
a progressive chain of events leading to the lawyer’s doorstep. Once misfortune strikes and things begin turning 
sour, you must do your utmost to make that patient understand what happened, why it happened, and what you 
plan to do and what you can do to help. Resist the tendency to avoid the patient. To the contrary, insist on seeing 
him or her regularly. The phone is one of your best friends here. Talk with the family. Get a second opinion. Do not 
let the patient get billed. Do this, not with the aura of being afraid of a claim but openly because you stand by your 
patients in their uncertainty and anxiety and simply because it is the right thing to do. The conversion catalyst in a 
crumbling doctor–patient relationship is fear of the unknown. This, plus a few spoonfuls of elixir of abandonment, 
is the perfect prescription for a call to the lawyer. You can prevent this if you successfully convey to the patient that 
you understand the dynamics of uncertainty and will join him or her to help to overcome it. If you do that in a timely 
fashion, you may just have pulled the right lever and it might be the deciding factor as to whether or not that call to 
the attorney is made.
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Figure 9-3. Informed consent form.

SAM
PLE

Breast reduction is usually performed to relieve back, neck, and shoulder pain, and skin irritation that
women with large breasts sometimes experience, rather than to enhance the appearance of the breast.
The best candidates for this procedure are those who are mature enough to understand and have
realistic expectations about the results.

REDUCTION MAMMOPLASTY
(Breast Reduction)

Patient's
Initials

The details of the procedure have been explained to me in terms I understand.
Alternative methods and their benefits and disadvantages have been  explained to me.
I understand and accept possible risks and complications include  but are not limited to:

•  asymmetry
•  bleeding
•  change in nipple and skin sensation
•  delayed healing
•  different size than expected
•  discoloration/swelling
•  discomfort (pain/sensitivity)

•  failure to improve symptoms
•  infection
•  nipple retraction/poor  contour
•  restricted activity
•  skin, nipple, flap loss
•  unsatisfactory results
•  wound separation

I understand and accept that there are complications, including the remote risk of death or
serious disability, that exist with any surgical procedure.
I understand and accept the risks of blood transfusion(s) that may be necessary.
I understand that tissue cannot heal without scarring and that how one scars is dependent on
individual genetic characteristics. The physician will do his/her best to minimize scarring but
cannot control its ultimate appearance.
I am aware that smoking during the pre-and postoperative periods could increase chances of
complications.
I have informed the doctor of all my known allergies.
I have informed the doctor of all medications I am currently taking, including prescriptions,
over-the-counter remedies, herbal therapies and supplements, aspirin, and any other
recreational drug or alcohol use.
I have been advised whether I should avoid taking any or all of these medications on the days
surrounding the procedure.
I am aware and accept that no guarantees about the results of the procedure have been made.
I have been informed of what to expect postoperatively, including but not limited to:
estimated recovery time, anticipated activity level, and the possibility of additional procedures.
I understand that any tissue/specimen removed during the surgery may be sent to pathology
for evaluation.
The doctor has answered all of my questions regarding this procedure.

I certify that I have read and understand this treatment agreement and that all blanks were filled in
prior to my signature.

I authorize and direct                                            , M.D., with associates or assistants of his or her
choice, to perform breast reduction mammoplasty on                                                                     .

(patient name)

right breast

continued

3/03
Revised 9/05, 12/05, 1/06

This form is for reference purposes only. It is a general guideline and not a statement of standard of care and should be edited
and amended to reflect policy requirements of your practice site(s) and legal requirements of your individual state(s).

left breast
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SAM
PLE

3/03
Revised 9/05, 12/05, 1/06

This form is for reference purposes only. It is a general guideline and not a statement of standard of care and should be edited
and amended to reflect policy requirements of your practice site(s) and legal requirements of your individual state(s).

initial initial

I further authorize the physician(s) and assistants to do any other procedure that in their judgment may
be necessary or advisable should unforeseen circumstances arise during the procedure.

Patient or Legal Representative Signature/Date Relationship to Patient

Print Patient or Legal Representative Name Witness Signature/Date

I certify that I have explained the nature, purpose, benefits, risks, complications, and alternatives to the
proposed procedure to the patient or the patient's legal  representative. I have answered all questions
fully, and I believe that the patient/legal representative (circle one) fully understands what I have
explained.

Physician Signature/Date

           copy given to patient            original placed in chart

Figure 9-3.—cont’d.
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11. If you were offering claims avoidance “pearls” to surgeons new to practice,  
what would they be?
These “pearls” are as follows:

 1. If you like to use imaging devices, or if you advertise, be very careful what you promise. You may regret it. You 
have no idea how that enticing image you put on the screen converts into a firm image in the patient’s brain. 
If you can translate the image on the screen into reality 100% of the time you deserve the Nobel prize. Some 
attorneys are beginning to file lawsuits for breach of warranty when the final result is significantly different 
from the image that you manipulated on the screen. I strongly recommend you install a running legend in tall 
red letters across the bottom of your monitor that says something like: WARNING: FOR DISCUSSION ONLY. YOUR 
RESULTS MAY VARY!

 2. Never tell a patient that a procedure is simple. Never minimize the risks.
 3. Never “throw in” additional procedures for which you have no specific consent, short of an emergency situation.
 4. Always involve the “significant other” or immediate family. They can turn out to be your best allies or your most 

tenacious detractors, often based on your behavior rather than your result. Go out in your scrubs and talk to 
them after the procedure. Call the patient the evening of surgery, if he or she is home. You cannot imagine how 
much that strengthens the rapport.

 5. Always provide time for questions. Do not answer in “doctorese.” Answer plainly. If there is a language barrier, 
get an interpreter. Never talk to patients with your hand on the doorknob. Take the time to listen.

 6. Encourage patients to make notes after the consultation and to call if they have questions. Give them a copy of 
the consent form prior to surgery so that they can digest it at home and share it with significant others.

 7. Always disclose the identity of all the surgeons in the operating room before the sedation hits. Reassure the 
patient that you are the responsible surgeon; all the others are there to help because you cannot do it all alone. 
If feasible, hold the patient’s hand so that the last thing he or she sees before medication hits is your confident 
face smiling down at him or her.

 8. There is absolutely no excuse for failing to document your work visually. Take many, many photographs. Ours 
is a totally graphic specialty. I cannot exaggerate the number of cases won or lost by virtue of photographic 
evidence. Or lack of it. There is no quicker way of sealing your destiny and causing irreversible harm than by 
having no visual evidence.

 9. Doctors’ penmanship is notoriously bad. If yours is in that category, spend the money to have someone type for 
you. Save yourself a lot of agony by not having your handwritten notation “had no carcinoma” transcribed as 
“adenocarcinoma.”

10. Resist the temptation to be the first kid on the block to try that dazzling new French procedure you saw at 
the last meeting so that reporters will come banging on your door. Wait until it is proven. Learn the technical 
procedure from others and then do it yourself.

Whether you believe in “karma,” or destiny, or luck, is up to you. You are, in fact, exhibiting the temerity to challenge 
nature by defying the hand that genetic inheritance dealt. That is pretty awesome! However, I have little doubt that it is 
possible for you to do this for the 30 to 40 years following your emergence from the academic womb without having to 
look back in sorrow or in anger. That there will be bumps along the way is inevitable; the game is called “life.” There are 
no guarantees, but we can promise you that by apportioning a reasonable segment of your attention on the rules of the 
game, as we have tried to outline them, there is a pretty good chance you will be able to finish and come out winners.
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Raymond V. Janevicius, MD, FACS

CPT Coding STraTegieS

 1. What is the appropriate CPT coding for the excision of a 10-mm basal cell carcinoma 
of the cheek with 2-mm margins followed by a layered closure of 3 cm?
A 10-mm lesion excised with 2-mm margins results in an “excised diameter” of 14 mm. An excised diameter is defined 
as the “greatest clinical diameter of the apparent lesion plus that margin required for complete excision.” The lesion 
diameter (10 mm) plus 2 mm on each side of the lesion is 10 + 2 + 2 = 14 mm. Use code 11642 for the excision of this 
malignancy.

The closure is reported in addition to the excision. A layered closure constitutes an intermediate repair, 12052. Thus the 
entire procedure is reported as follows:

12052  Layer closure of wound of face, ears, eyelids, nose, lips, and/or mucous membranes; 2.6 cm to 5.0 cm
11642-51 Excision malignant lesion including margins, face, ears, eyelids, nose, lips; excised diameter 1.1 to 2.0 cm

 2. Three full-thickness ragged lacerations of the face are repaired. Each requires 
débridement of contused tissues, undermining, and layered closure: 3 cm on the 
nose, 2 cm on the lip, and 4 cm on the cheek. How is this procedure reported?
13152  Repair, complex, eyelids, nose, ears, and/or lips; 2.6 cm to 7.5 cm
13132-59 Repair, complex, forehead, cheeks, chin, mouth, neck, axillae, genitalia, hands, and/or feet; 2.6 to 7.5 cm

Débridement with undermining and layered closure constitutes a complex repair. Total lengths of repair within 
the same classification are added together. The nose and lips are grouped together, so the total length of repair 
in this classification is 3 + 2 = 5 cm. The cheek is a different anatomic area by CPT definitions and is reported 
separately, 13132. Modifier “-59” indicates separate, distinct procedures and is appended to the secondary 
procedure.

 3. A 10-cm basal cell carcinoma of the scalp extends into the skull. The lesion is 
excised with 1-cm margins, and the outer table of the skull is removed. Does the 
malignant lesion excision code (11646) include the bone resection?
No. The 116XX series appears in the Integumentary Section of the CPT Book and is used to report the excision of 
soft tissue lesions involving the skin and subcutaneous tissues. This skin lesion excision series (116XX) belies the 
extent of the procedure described; this soft tissue resection is better described with the “radical resection” code, 
21015. This is a soft tissue code and does not include the resection of bone, which is reported with an additional 
code, 61500.

61500  Craniectomy, with excision of tumor or other bone lesion of skull
21015-51 Radical resection of tumor (e.g., malignant neoplasm), soft tissue of face or scalp

 4. How is the removal of an injection port of a permanent expander reported?
The appropriate code is 11971 (“Removal of tissue expander without insertion of prosthesis”) with modifier “-52.” 11971 
includes removal of an expander and its port. Because only the port is removed, use the “reduced services” modifier: 
11971-52.

 5. Is “division and inset” of the flap included in the cross finger flap code?
No. Division and inset of a flap is not included in the initial flap code, as this is a separate stage of the reconstruction, as 
is a delay of a flap, for example. Skin grafting of the donor site of a cross finger flap is also separately reported:

15574  Cross finger flap
15240-51 Full-thickness skin graft of donor site
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Because this is a planned, staged procedure, append modifier “-58” to the division and inset code, as the second 
procedure occurs during the 90-day global period of the cross finger flap code:

15620-58 Division and inset cross finger flap.

 6. When a transverse rectus abdominis myocutaneous flap is harvested, how is closure 
of the abdominal fascia with synthetic mesh coded?
The repair of the abdominal wall, with or without mesh, is included in the global transverse rectus abdominis 
myocutaneous (TRAM) flap codes and is not separately reportable. The three TRAM flap codes, 19367, 19368, and 
19369, are global and include the following (“GLOBAL COMPONENTS OF TRAM FLAP CODES”):

 • Creation of the breast pocket
 • Elevation of the abdominal flap
 • Muscle dissection
 • Flap transfer
 • Fascial closure with or without mesh
 • Abdominal closure including umbilicoplasty
 • Breast contouring

 7. When several skin lesions are removed, why does the insurance company reimburse 
for only one lesion and disallow the rest?
This occurs if the insurance company does not recognize that multiple lesions are excised. Even though a claim lists 
multiple procedures with “-51” modifiers as per CPT guidelines, some payers require the use of the “distinct procedural 
service” modifier “-59” to indicate that separate lesions are excised at the same operative session. Thus the excisions 
of three facial nevi, each measuring 4 mm, is reported as follows: 11440, 11440-59, 11440-59. Some payers require the 
use of both modifiers in these situations: 11440, 11440-59-51, 11440-59-51.

 8. How many CPT codes are required to report the open reduction internal fixation of a 
comminuted malar complex fracture with reconstruction of an orbital floor blowout 
fracture using an implant?
Code 21365 (Open treatment of complicated malar fracture, including zygomatic arch and malar complex) describes the 
open reduction and internal fixation of a malar complex fracture. This includes exploration of the zygomaticotemporal 
suture line and the orbital rim, with reduction and fixation of the fractures at these sites. Malar fractures can occur 
without orbital floor blowout fractures, and code 21365 does not include reconstruction of an orbital blowout fracture, 
which is separately reported. If an implant is used in the orbital floor, the appropriate code is 21390. Thus, an open 
reduction internal fixation (ORIF) of a malar complex fracture with reconstruction of a blowout fracture with an implant is 
reported with two codes: 21365, 21390-51. Some payer software “edit packages” incorrectly overbundle codes 21390 
and 21365, so the “distinct procedure” modifier is necessary in such cases: 21365, 21390-59.

 9. Is there a code for the “separation of components” technique of abdominal wall 
reconstruction?
“Separation of components” involves incision of the external oblique muscles and their dissection off the internal oblique 
muscles laterally. The underlying rectus abdominis, internal oblique, and transversalis muscles are then advanced to 
the midline to close the abdominal defect. The muscle flap elevation requires preservation of vascular and nerve supply 
to all the involved muscles and is reported as a muscle flap of the trunk, 15734. When separation of components is 
performed bilaterally, 15734 is reported twice.

 10. Can add-on codes ever be used alone?
By definition, add-on codes are always used with another code and can never be reported alone. The surgical procedures 
described by add-on codes cannot be performed unless another procedure is also performed. Consider code 15101, “Split 
thickness autograft, trunk, arms, legs; each additional 100 sq cm.” An “additional 100 sq cm” of skin cannot be grafted 
unless 100 sq cm of skin has already been grafted. Thus, 15101 must always be used with 15100 (“Split thickness 
autograft, trunk, arms, legs; first 100 sq cm”). Add-on codes do not take the “multiple procedure” modifier “-51”.

11. When more than one muscle flap is used to close a single defect, should each 
muscle flap be reported separately?
Yes. Although only one defect may be present, each muscle flap involves a distinct surgical procedure and should 
be separately reported. CPT guidelines and the “global surgery” concept do not state that one code describes 
more than one muscle flap. If a total sternectomy is performed for sternal osteomyelitis and the defect closed with 
bilateral pectoralis major muscle flaps and a right rectus abdominis muscle flap, each flap is reported separately:
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15734  Right pectoralis major muscle flap
15734-51 Left pectoralis major muscle flap
15734-51 Right rectus abdominis muscle flap
21630-51 Sternectomy

12. What is considered global in free flap coding?
Global components of an operation are those parts of the procedure that are included in a CPT code and that are not 
separately coded. Free flap codes include the following (“GLOBAL COMPONENTS OF FREE FLAP CODES”):

 • Elevation of the flap
 • Isolation of donor flap vessels used for microvascular anastomosis
 • Transfer of the flap to the recipient site
 • Isolation of recipient vessels used for microvascular anastomosis
 • Microvascular anastomosis of one artery
 • Microvascular anastomosis of one or two veins
 • Inset of flap in recipient site
 • Primary closure of the donor site

Reporting any of these components separately would be unbundling.

13. The CPT code for tissue expander placement (11960) reads “Insertion of tissue 
expander(s) for other than breast, including subsequent expansion.” If two expanders 
are placed in two different areas, should the code be reported only once?
The text “expander(s)” in the CPT book has led to some confusion in interpretation. If one pocket is created and two tissue 
expanders are placed in the same pocket, 11960 is reported only once. If two separate pockets are created (essentially 
twice the work of one pocket), then it is appropriate to report 11960 twice. Modifier “-59” should be appended after the 
second procedure to indicate that two separate distinct procedures are performed: 11960, 11960-59.

14. Medicare does not reimburse for excisions of benign lesions. How does one code 
these procedures so that Medicare will pay?
Medicare considers the excisions of benign lesions “cosmetic” and not “medically necessary” unless certain strict 
criteria are met. The excisions, removals, shavings, or destructions of lesions such as nevi, skin tags, inclusion cysts, 
seborrheic keratoses, and scars are deemed “cosmetic” and will not be covered unless certain specific conditions are 
met. For these procedures to be covered by Medicare the medical record must document that the lesion bleeds, itches 
intensely, is painful, has physical evidence of inflammation, or obstructs an orifice. Appropriate ICD-9 codes must be 
used to substantiate excisions of these lesions.

15. How does one code for repeated skin grafts that are performed during the global 
postoperative period?
When multiple skin graft procedures are planned, for example, as in the course of burn reconstruction, these are 
considered “planned” or “staged” procedures. Modifier “-58” should be appended to procedures subsequent to the 
original procedures so that they will not be disallowed as part of the global surgery package. “-58” is not appended to 
the procedures performed on the first day. If, for example, a 400 sq cm STSG of the trunk is performed and then 1 week 
later another area of the trunk is grafted 500 sq cm, the procedures are reported as follows:

First date: 15100, 15101, 15101, 15101
One week later: 15100-58, 15101-58, 15101-58, 15101-58, 15101-58

16. A Dupuytren’s contracture requires a fasciectomy of the palm, middle, ring, and small 
fingers. Y-V flaps are performed to provide extra skin length. How is this coded?
Three codes describe Dupuytren’s surgery, and each includes the use of flaps and/or grafts during the reconstruction. 
26121 is used to report fasciectomy involving the palm only, with no digital involvement. 26123 describes palmar 
fasciectomy, including fasciectomy of a single digit. 26125 is an add-on code used to report each additional digit 
operated on after the initial digit. 26125 is always used with code 26123. Thus, in the previous example, the 
fasciectomy of the palm and the middle finger are reported with code 26123. The fasciectomies of the ring and small 
fingers are each reported with code 26125: 25123, 26125, 26125. Because 26125 is an add-on code, it does not take 
the “-51” modifier.
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17. A pediatrician refers a child to the plastic surgeon with a Salter fracture of the index 
finger. The plastic surgeon assumes treatment that requires 3 weeks of splinting.  
Is this considered a consultation?
Not all patients referred by another physician are considered consultations. CPT requirements to report a patient 
encounter as a “consultation” require three components:

1. A written or verbal request by the referring physician must be documented in the medical record
2. The consulting physician’s findings and treatment must be documented in the medical record
3. The consultant’s findings must be communicated “by written report” to the referring physician

The consulting physician may initiate diagnostic and/or therapeutic services at the time of the consultation. In the 
previous example, if the three criteria are met, then the encounter is considered a consultation, even if the plastic 
surgeon has initiated treatment at the time of consultation.

18. When multiple tendons are repaired in the hand, should each tendon repair be 
reported separately?
Yes. Each tenorrhaphy CPT code includes the repair of one tendon. Listing each tenorrhaphy is appropriate in reporting 
multiple tendon repairs. This itemizing of procedures performed is not unbundling, and multiple tendon repairs reported 
with the same CPT code should not be bundled together by payers. If a wrist laceration transects seven flexor tendons, 
all of which are repaired, each is listed separately: 25260, 25260-51, 25260-51, 25260-51, 25260-51, 25260-51, 
25260-51. Some payers may require use of modifier “-59” rather than “-51” (25260-59). Still others may require  
both “-51” and “-59” (25260-59-51).

19. A 1-cm basal cell carcinoma below the eyelid margin is excised with 5-mm margins. 
An inferomedially based rotation flap measuring 5 × 5 cm is used to reconstruct the 
defect. How is the proper code selected?
This is an adjacent tissue transfer used to reconstruct an eyelid defect, so 14060 or 14061 is used. The adjacent tissue 
transfer code is selected by the size of the surgical defect, which is defined as the primary defect (that from the excision 
of the lesion) plus the secondary defect (that created by flap design and elevation). The primary defect measures 
approximately 3 sq cm. The flap elevation results in a defect measuring 25 sq cm (5 × 5 cm). Total defect is 28 sq cm, so 
code 14061 (10.1 to 30 sq cm) is selected. Adjacent tissue transfer codes include the excision of the lesion, so this is not 
separately reported.

20. A sacral decubitus is débrided, including bone débridement, and the defect is 
reconstructed with bilateral gluteus maximus V-Y flaps. What codes are used?
The 11040–11044 series of débridement codes belies the extent of decubitus ulcer débridements and is inappropriate 
in reporting this case. The 159XX series of codes is used to report procedures on decubitus ulcers. Because the 
débridement involves ostectomy, 15937 is the appropriate code. Two separate myocutaneous flaps are performed, 
and each is reported with a separate code.

15734  Right gluteus maximus myocutaneous flap
15734-51 Left gluteus maximus myocutaneous flap
15937-51 Excision sacral decubitus, including ostectomy

21. If wound edges are undermined and then advanced to close a defect, is this a flap 
reconstruction?
A flap by definition almost always requires an incision and results in a secondary defect. Undermining does not create 
a secondary defect, nor does it constitute flap closure. Undermining followed by layered closure constitutes a complex 
repair. Undermining and a layered closure should be reported as a complex repair (131XX series) and should not be 
reported as a flap (14XXX series, “adjacent tissue transfer”).

22. In a carpal tunnel release, can incision of the fascia proximally be reported 
separately with 25020?
No. Carpal tunnel release, whether open or endoscopic, includes incising forearm fascia proximally as part of median 
nerve decompression. This maneuver is included in the global codes for carpal tunnel release (29848, 64721). 
Code 25020 is used to report decompression of forearm fascia, an extensive procedure performed for compartment 
syndrome. It is not appropriate to report 25020 in the management of carpal tunnel syndrome.
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23. How long has CPT coding been in existence?
The American Medical Association first published CPT in 1966 in a volume containing four-digit codes mostly describing 
surgical procedures. In 1970 the second edition of CPT was published, using five-digit codes (as today) to describe 
not only surgical procedures but also diagnostic and therapeutic procedures in medicine and other specialties. In the 
mid-1980s, the Health Care Financing Administration (HCFA, now CMS [Centers for Medicare and Medicaid Services]) 
mandated the use of CPT codes for reporting outpatient hospital surgical procedures.
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Thomas J. Krizek, MD

Ethics in Plastic surgEry

 1. What is ethics?
Ethics is the discipline devoted to the study of the principles and processes of determining right and wrong behavior. 
Ethics deals with what is good and bad, with moral duty and moral obligation. For plastic surgeons, ethics and its 
moral duty and obligation deal primarily with our responsibilities to our patients. Additionally, we owe ethical duty and 
responsibility to our colleagues, to our profession, and to society in general. These duties largely derive from the fact 
that we are part of the “profession” of medicine.

 2. What do you mean by a “profession”?
Professions have a long and enviable history and tradition. They have characteristics and responsibilities that transcend 
and exceed those of most occupations or “jobs.” Professions involve the following characteristics:

1. They have actions that require specialized knowledge or ability.
2. They require long and arduous training and discipline.
3. They are more like a “calling” or vocation.
4. They have internal standards that lead to self-governing.

Plastic surgery is a true “specialty” within the profession of medicine. It is most aptly characterized for its specialized 
conceptual and scientific body of knowledge and for the artistic and technical facility necessary to practice its art and 
science. Acquisition of excellence involves long and arduous training and discipline under the guidance and supervision 
of experienced practitioners and teachers. Plastic surgery is not what we do; rather, it is “who we are.” It does not 
involve a mere series of technical maneuvers, nor does it involve a mere “repertoire” of aesthetic and reconstructive 
procedures, no matter how great the virtuosity of the practitioner. Finally, it has internal standards that are self-
governing, from the Residency Review Committee, which assures the quality of the educational process, to the American 
Board of Plastic Surgery, which assures the competence and quality of practitioners at both the entry level and ongoing, 
and the American Society of Plastic Surgeons, which has a major responsibility to society.

Being a “professional” implies far more than merely being paid. Those in religious life or the ministry, those in the military, 
and those involved in elementary-level education are paid very little but still are professionals. Plastic surgeons who 
contribute time to residency programs or to missionary or charitable work may receive little if any compensation. In 
contrast, many activities, both legal and illegal, may be immensely lucrative but may not fulfill the definition of “profession.”

The activities of professionals, the “what we do,” are called practices. The term carries connotations quite different from 
what might be meant by practicing to ready a team for a big game or to improve one’s golf swing.

 3. What specifically is meant by a “practice”?
A most influential modern philosopher, Alasdair MacIntyre, described qualities in his definition of practices that seem 
complex but are illustrative. To him a practice is:

Any coherent and complex form of socially established cooperative human activity through which goods internal to that 
form of activity are realized in the course of trying to achieve those standards of excellence which are appropriate to, 
and partially definitive of, that form of activity with the result that human powers to achieve excellence, and human 
conception of the ends and goods involved systematically extended.

These qualities are important to our understanding the ethics of what our practices involve.

Any coherent and complex form of socially established cooperative activity refers to the fact that we are privileged 
by society to be allowed to perform this practice, and we, in turn, owe responsibilities to our patients and society 
for that privilege. It embodies a coherent, albeit complex, approach to patient care that differentiates it from others 
in the profession of medicine.
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…that produces goods internal to that form of activity refers to those characteristics that allow us to be fine plastic 
surgeons. These internal goods are qualities that lead to “virtues” such as knowledge, courage, honesty, stead-
fastness, charity, and practical wisdom, which complement our surgical judgment and skill. These internal goods 
are the basis for professionalism and moral behavior and are distinguished from and challenged by external goods 
such as money, power, and prestige, which, although seductive, do not a better plastic surgeon make.

…by participants striving to excel by the standards of the activity means that we as individual plastic sur-
geons must “internalize” those standards of excellence for which we have been taught to strive and must 
hold ourselves responsible. The acquisition and maintenance of judgment and technical skills are internal to 
the individual surgeon, and no outside review agency nor monitoring committee can replace our individual 
responsibilities.

…that systematically extend the participants’ skills and their concepts of the goods and purposes of the activity. Our 
specialty attracts persons of intelligence, intuition, three-dimensional skill, and, in some, extraordinary technical or 
artistic talents that provide immense natural advantages. These talents must be honed in the residency programs 
but must be the ongoing quest for excellence of practitioners during a lifetime of “practice.”

 4. What is meant by “internal goods” or virtues?
Aristotle described the ultimate human goal to be happiness. Such happiness extends beyond the joy experienced from 
sex or the pleasure of a good meal to involve a more transcendent and sublime tranquility. Happiness at the personal 
level and that of the larger society (polis) could best be achieved by the acquisition and expression of virtues. These 
were characterized by the cardinal virtues of prudence, justice, temperance, and fortitude. Even greater than these 
was phronesis, a practical wisdom that would allow one to use these virtues productively. Subsequently, we have 
added religious virtues such as faith, hope, and charity and practical virtues such as honesty, dependability, constancy, 
and caring. Caring is a special type of ethics that is likened to the unqualified concern that a mother offers to her infant 
or the dependable care that military personnel or members of athletic teams offer to each other.

These can be summed up in the word character. Casey Stengel, the legendary baseball manager, observed that there 
were three things that can’t be taught: speed, luck, and character. I believe he was wrong on all three. Speed can be 
improved by coaching and training, and luck certainly favors those prepared. Character is largely learned at a parent’s 
knee but can be solidified, deepened, and finally organized and incorporated into the practice of a profession. All 
educators from the preschool level to final entry into plastic surgery residencies endeavor to identify those who may 
be antisocial or otherwise lacking in character or virtue. Despite all efforts, there will be those with character defects 
who find their way into our specialty. Sadly, no compilations of rules or written “codes of ethics,” no matter how 
comprehensive or detailed, can ever compensate for deficiencies in character, and such persons will exhibit behavior 
that we recognize as unethical, morally deficient, or illegal.

 5. What are the “external goods”?
There are external goods that tend to detract from these virtues. One example of an external good is fame. Although few 
surgeons truly become famous, there are many examples of how fame influences those in the entertainment industry; 
movie stars, musicians, rock stars, and some athletes achieve true fame. These persons may possess immense talent 
that the public recognizes and values but does not necessarily require or involve the virtue expected from physicians, 
teachers, attorneys, and other professionals. It would seem that such fame detracts from internal goods and virtue and 
is incompatible with professionalism. We tend to be a bit skeptical of the most famous surgeon or lawyer in town and 
know that they are not necessarily the best.

Another external good that may detract from professionalism is power. Power may take a number of forms. The 
surgeon’s relationship with a patient always represents a discrepancy in power. The surgeon has immense knowledge 
and skills that the patient lacks. The patient is always dependent on the surgeon to use this knowledge and skill 
prudently and to not exploit or misuse this power financially or for sexual favor.

Plastic surgeons may also possess power and influence in their hospitals or residency programs. This power should 
not be misused, for instance, to limit access to facilities or to restrict legitimate opportunities for other professionals. 
Most in our specialty assume positions of responsibility in training programs or in professional organizations in a spirit 
of altruism or service. Even so, we know that such power does not necessarily mean that these persons are better 
surgeons and does not necessarily ensure that their patient care is better.

Finally, money is an obvious potential challenge to internal goods and virtue. The richest business persons, the richest 
entertainers, and certainly the richest surgeons are not necessarily the best nor the most virtuous professionals. All 
professionals should be compensated appropriately and fairly for their professional services. Plastic surgeons often have 
control over a scarce resource, often being the only ones in the community who can provide the service. However, an 
ethical constraint limits charging whatever the market can bear, particularly when the procedure is a medical necessity 
or emergency.
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All surgeons share a potential conflict of interest when a patient is evaluated for a surgical procedure. There is an 
obvious substantial financial difference between performing and not performing an operation. Immanuel Kant pointed 
out that persons should always be treated as an “end and not a means.” Any operation must be done for the primary 
benefit of the patient, and considerations of financial reward (even if it is needed to pay the rent) must, ethically, be 
secondary.

Indications for surgery, particularly in aesthetic procedures, usually are somewhat subjective, as are measurements 
of the final outcome. Perhaps nowhere, other than in psychiatric practice, are patients more insecure and vulnerable. 
There are, of course, those patients who are sophisticated and knowledgeable for whom there is no danger of 
exploitation. For many, however, their goals from surgery often are ill defined and incompletely shaped. The virtuous 
surgeon will never step beyond the responsibility to provide no more or no less than what can be determined as 
“best” for the patient.

Only in the last century has there been much question about what was the best treatment for a patient. Intervention, 
particularly surgical, was fraught with problems and unpredictable results. Physicians did what they thought was 
best. Two occurrences in the middle of the last century changed medical ethics forever. The first was the invention of 
respirators that could sustain patients long beyond the time when death otherwise would have naturally occurred. The 
other was the despicable behavior of physicians during the Holocaust involving experimentation, which cried out for new 
rules and standards of behavior.

 6. What are the “rules” of ethical care?
The four principles of “rules-based” ethical care are as follows:

1. Beneficence: To do good
2. Nonmaleficence: To keep from harm
3. Autonomy: To recognize a person’s individual integrity
4. Justice: To recognize responsibilities to society

 7. This sounds like the Hippocratic Oath!
It certainly does. Some variation of the Hippocratic Oath is still recited at graduation by most medical students. For 
two millennia the oath has served to articulate the responsibilities of virtuous physicians for all to see. Pertinently, only 
beneficence and nonmaleficence are specifically included in the oath. Beneficence is recognized as the charge to do 
good. Although good seemed intuitively obvious, modern technology raised issues such as whether sustaining a patient 
on life support was really “good.” Extensive palliative operations and repeated cycles of chemotherapy for cancer 
may, for many, not be considered a good. People live almost twice as long as a century ago. They bring many different 
religious, ethnic, and cultural considerations about the goals of any treatment and what is good.

Nonmaleficence is often referred to as do no harm. This is incomplete because the term also includes the concept 
of keeping a person from harm, which in many ways is equally important. Technical mistakes as a cause of 
medical error are rather infrequent. More common are errors in judgment or errors or omissions that place patients 
in harm’s way. Beneficence and nonmaleficence, although still of primary importance, are no longer ethically 
sufficient, and additions to the Hippocratic Oath have become necessary. These additional rules involve the 
concepts of autonomy and justice.

 8. What is meant by “autonomy”?
Autonomy is derived from the Greek word for self-rule or self-determination. The “doctor knows best” paternalism has 
been replaced by the recognition that persons have individual rights and responsibilities; their decisions about their 
own bodies must be respected. The concept of autonomy has evolved into the legal and moral standard that all medical 
intervention must devolve from the informed consent of the patient or of the legally defined representative if the patient 
is unable to give such consent. This concept is more than a legal requirement, it is also an ethical challenge.

Patients must

1. have adequate information about any proposed intervention, including the risks and the implications of 
nonintervention and alternative therapy;

2. have information, which must be presented in a form that they can understand (e.g., at a minimum, the 
information must be in the patient’s native language); and

3. have the “capacity” to understand and make a decision, that is, they must be old enough, have sufficient mental 
acuity, and

4. be free from coercion and be able to refuse the treatment.
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We have heard these standards mentioned so often that they have become routine, and the process of documenting 
consent is often delegated to others who assist us in our practices. However, the responsibility extends beyond 
mere presentation of the information; ethical standards demand that we be sure the patient truly does understand. 
Aesthetic patients in particular are often so enamored of the possible benefits that they are unable to adequately 
hear and incorporate the downside of the proposed procedure. The challenge of consent is particularly difficult when 
the surgeon is involved in residency programs in which the surgeon may not have adequate opportunity to meet 
with the patient and in a situation where the patient often has no alternative way of gaining access to the treatment. 
The autonomy of the poor or disadvantaged, particularly in other cultures, is of no less ethical significance.

An additional consideration of autonomy is the responsibility of the surgeon and all of the surgeon’s personnel to hold 
private material in the utmost confidence—confidentiality. There are seemingly endless and intrusive demands, usually 
legitimate, for release of very private information about a patient’s condition. The uniform medical record of many 
hospitals provides access to such information of as many as a hundred people. The private office of a psychiatrist or 
aesthetic surgeon is one of the last places where such information may have sanctuary, but even this is not absolute. 
On the other hand, most breaches of confidence are accidental and involve discussion of patients in elevators, lounges, 
or cocktail parties. Most surgeons are now conscious of the need to gain patient’s consent to use pictures or other 
representations of patient information at professional meetings or in publications.

 9. How does “justice” apply to these ethical principles?
Justice may take several forms but fundamentally refers to what is owed to others. Perhaps the golden rule 
encapsulates the concept of providing to others that which we would wish for ourselves. Justice involves what is termed 
constitutive justice—the contractual arrangements that we have with others. A patient is responsible for the agreed-on 
professional fee for services; the surgeon in turn is responsible for providing such goods and services.

Distributive justice is more broadly the responsibility of society to assure the freedoms of life, liberty, and the pursuit 
of happiness. Our society has chosen to add other rights such as education, housing, adequate access to food, and, 
pertinently, health care. The degree of health care to which persons are entitled as a right is an ongoing political issue; 
it is also one of ethics. Persons who have a right to something have the right to possess that object or service, and 
those who may hold that object or service in turn have a responsibility to honor that right. Society has offered greater 
access to health care, which has become ever more complex and expensive, and often involves tragic choices of how to 
distribute scarce resources such as organs for transplantation. In plastic surgery, major craniofacial procedures, severe 
facial trauma, and major burns may require a level of care that challenges the human resources available and for which 
compensation is not proportional or even available. Economics has been described as the “rational distribution of scarce 
resource.” As such, it is a true ethical challenge for our society to meet almost insatiable demand for services, almost as 
a right, in the face of limited resources.

10. How is it determined what is ethical? Who says?
All final determinations about right and wrong become the responsibility of some authority. Our Declaration of 
Independence states that:

We hold these truths to be self-evident, that all men are created equal, that they are endowed by their Creator with 
 certain inalienable Rights, that among these are Life, Liberty and the pursuit of Happiness.

The Declaration defined the authority as a Creator. For Aristotle the pursuit of happiness rested in individual citizens 
and together as the polis, or citizen-state, which became the authority. At other times the authority has been a king 
or queen, an emperor, the pope, some other representative of religion, or, in our country, the rule of Law. All are 
designed to allow persons to live together in some sort of order. What constituted right and wrong was determined by 
this authority.

In modern times all authority has been questioned, and there is a rather widespread acceptance of the culture of moral 
relativism. Moral relativism implies that human behavior is largely determined by the culture in which one is raised 
and in which one lives. What would be unacceptable to us may be acceptable in other cultures, and “who are we to tell 
others what to do?” Despite this relativism, most societies, certainly in Europe and America, consider some behavior 
to be normatively and absolutely evil. Such actions as genocide, slavery, murder, and rape are evil, no matter what the 
society or culture in which they occur. They are violations of human dignity and are not acceptable in a peaceful society.

In our multicultural society, we have determined that the final common ethical pathway is the Law. We are a 
government, not of executives, not of legislators nor even judges, but of Law. To a large extent the law reflects 
our common ethic and morality. Although unanimity toward individual situations such as the right to life and 
determinations of death may not be possible, we have established processes whereby disagreements may be 
resolved peacefully.
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11. How does one apply ethical issues to practice?
We apply “ethics” to practice largely as a mirror to our application of ethics in Law in our society. Not everything that 
is legal is ethical to everyone and not everything that is unethical is illegal, but the overlap is significant. For instance, 
driving on a deserted country road 10 miles over the posted speed limit may be illegal but probably is not unethical; 
10 miles over the speed limit in a school zone is both illegal and unethical. Similarly, having a sexual relationship with 
an adult patient may not be illegal but usually is unethical.

Ethical process involves several steps, and these steps are equally applicable to whether the surgeon is dealing with a 
patient, with other professionals, or with society. It applies also to individuals, groups (ethics committees), and society 
(law). The three steps of ethical process are as follows:

1. Impartiality
2. Discernment
3. Precedent-setting

12. What is the role of “impartiality” in the ethical process?
Those involved in making ethical decisions must be impartial. John Rawls referred to this impartiality as the “veil of 
ignorance.” This did not imply lack of information or blindness to facts but just the opposite, namely, that those deciding 
must consider the interests of all stakeholders involved in such a decision. An operation on a patient involves others: 
family, dependents, facilities, and resources. Rawls said we should make our decisions as if we were to unexpectedly 
find ourselves in the position of one of those stakeholders. Families long since have learned that the way to assure 
impartial distribution of slices of a pie was to assign the last piece to the one doing the slicing. Because the surgeon has 
a stake in the decision on whether to operate or not to operate, it is an ethical challenge to be impartial in the decision. 
The possible conflict is obvious; it is incumbent on the surgeon to attempt impartiality from personal interests. Would 
another surgeon in similar circumstance make the same decision? Should this patient even undergo surgery? If so, is 
this really the proper operation for this patient?

13. Is “discernment” an important component of the ethical process?
Absolutely! When making ethical decisions, one does not have to approach every situation as if it had never occurred 
before. One of my teachers observed that we don’t have to begin every patient decision with Hippocrates. Surgical 
science is based on the reproducibility of phenomena in nature. This use of previous situations or previous cases in 
ethics is called casuistry. It is the desirability of incorporating paradigmatic cases or situations into our deliberations. 
This is best seen, of course, in the Law in which Brown v. Board of Education of Topeka, Roe v. Wade, and others are 
among the most recognized paradigmatic cases.

Plastic surgery provides more individuality than most other surgical disciplines, but not everything that is new is an 
improvement, and the best standard may not necessarily be the newest. It is the responsibility of the surgeon to remain 
up to date and to incorporate new approaches and technology into his or her practice. The responsibility to be self-
evaluative and self-critical is good practice; it is also good ethics.

14. What is meant by “precedent-setting,” and what does that have to do with ethics?
In the Law, not every judicial decision establishes new precedent. Actually, when a court enters a judgment that seems 
to conflict with similar cases previously decided by others, there is very likely to be judicial review, up to the level of the 
Supreme Court.

When the Supreme Court rules, it charges all to now follow this new precedent. Kant referred to this as the categorical 
imperative. The categorical imperative challenges us to consider that, should this case or situation fit into a certain 
category, we have a responsibility, if not an imperative, to act in the same way as we or others have previously acted 
and, were it to arise again, we should again act in the same way. This is a caution against using subjective ethical 
approaches based on intuition or hedonism. Intuition would ask us to use hunches or guesses as a substitute of 
objective ethical standards based on rules or virtue. Hedonism is even more subjective and leads to behavior based on 
feelings, particularly the saw that “if it feels good, do it.” We would not be pleased to encounter a judge who wished to 
establish our guilt or innocence on the basis of a hunch or how he happened to feel about us that day.

15. How do the “three steps of ethical process” apply to providing expert testimony?
There is a temptation to believe that we have insights that may be lacking in others and a surgical truth that only we 
possess. Such a posture may inappropriately dispose us to judgment about the decisions and performance of others. 
Before such conclusions are presented in private or public forum, much less in court, it is ethically appropriate that we 
consider impartiality, discernment, and precedent. Have we impartially considered all the stakeholders and the effect of 
our decision on them? Are we absolutely sure that we are not influenced by anger, jealousy, or financial considerations? 
Have we discerned the facts in an objective fashion to the degree that we might conclude that no person could possibly 
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have acted in such fashion other than by criteria of negligence? We have a responsibility to be reflective and to not 
criticize or testify against another on the basis of our personal feelings or intuition. The criterion should not be whether 
the action was deviation from “the way I would have done it” but whether it was deviation from science and acceptable 
practice. Finally, the categorical imperative requires that, should the same situation present again, but this time involving 
a friend or colleague, we would act in the same fashion.

16. What are the three levels of professional contact?
1. Surgeon and patient. We have a responsibility to be impartial with our patients. This does not imply lack of caring 

or insensitivity; rather, it implies the responsibility to put aside our feelings, hunches, needs, and wants and to 
impartially determine what is best for the patient. To be reflective means to have at our disposal all relevant 
scientific information. It demands that surgeons be up to date and not use such intuitive approaches as “it always 
worked for me” or “I’ve always done it that way.” Finally, if we decide to perform an operation, we should be able 
to stand back and say that the decision would have been equally appropriate were the patient our spouse or one 
of our children.

2. Surgeon and profession. We are part of a tradition that we are proud to date back to the tile-makers of India, 
the reconstructive efforts of Tagliacozzi in the sixteenth century, and the modern scientific efforts of those who 
developed microsurgery, flap transfer, and craniofacial surgery. We are indebted to those who made the scientific 
contributions as well as to those who, through their political efforts, strove to establish the scientific safety of implant 
materials. None of us individually deserved to be plastic surgeons nor did we earn the opportunity in isolation. 
We owe, as the Hippocratic Oath states, a debt and responsibility to those teachers who have gone before us. We 
have an ethical responsibility to share discoveries and new technology with our colleagues and with those in other 
specialties who might usefully incorporate such advances for the betterment of their patients. We owe an ethical 
responsibility not only to colleagues in our specialty but to all those in the profession of medicine.

3. Surgeon and society. We live in and among, and not separate from, society. We have a major responsibility toward 
a society that has provided us the privilege of practicing our profession. A wag once observed that the difference 
between God and a surgeon is that God does not think he is a surgeon. The ethical responsibilities include such 
obvious mandates to pay our taxes and obey other laws and statutes. It carries other responsibilities, such as the 
responsibility to provide appropriate information to insurance companies and government agencies even though it 
may seem as though the insurance company is large and impersonal and we are only being a bit like Robin Hood if 
we shade the information so that a patient can receive coverage for an operation.

We must approach all patients with equivalent degrees of respect for human dignity irrespective of race, gender, or 
ability to pay. No one can ethically mandate a responsibility to society, but virtue would seem to mandate that some 
return to society is appropriate.

17. What about human experimentation?
The doctors associated with the Nazis demonstrated a staggering level of professional depravity, and most of these 
physicians had taken the same Hippocratic Oath as most of us did. The Nuremberg Trials and subsequent meetings at 
Helsinki established international criteria for human experimentation. These emphasized the keystone place of autonomy 
as an ethical criterion. A patient’s capacity to agree to an operation, much less an experimental procedure, remains a 
complex issue. No matter the level of education, one’s ability to understand scientific information is of necessity limited 
and in a sense incomplete. No patient can possibly achieve anywhere near the degree of understanding that the surgeon 
possesses. The process of informing is not a mere exchange of information among scientific colleagues but a process 
of education that remains imperfect at best and dependent on the virtue of the person counseling the patient. Although 
theoretically desirable, the process can never be totally free from coercion because many patients want to please the 
doctor and be good patients. Prisoners in particular have been determined to always be in such a conflicted position 
as to be unsuitable candidates for experiments, so surgical programs using prisons have largely been discontinued. 
There are serious challenges to assure the ability of patients or participants in studies to refuse without penalty. This has 
placed immense responsibilities on investigators.

On the other hand, it has not prevented the specialty from being involved in investigation. In particular, two situations are 
most commonly subjected to ethical scrutiny: (1) aesthetic surgery and (2) use of implant materials.

18. What is the most important ethical challenge to plastic surgeons?
Aesthetic surgery is perhaps the most important and common scientific and ethical challenge to plastic surgeons. 
Because the same apparent disfigurement, distortion, or merely disagreeable features can have such different meaning 
to different patients, the ability to establish objective criteria for correcting such problems is a true challenge. Although 
many studies have been done to interpret the psychological implications of such aesthetic problems, the best that has 
come from such studies are general patterns of patient concerns. Even more challenging is the problem of determining 
the actual degree of improvement or satisfaction that an operation accomplishes. The concept of impartiality is 
particularly true in these circumstances. Every surgeon anticipates and dearly wishes the end result to be happy and 
pleasing to both surgeon and patient. It makes scientific objectivity very difficult.
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The scientific gold standard for clinical evaluation of surgical or other treatment modalities is the randomized double-
blind study. In such studies, the patients are randomly distributed among possible treatment groups. After the treatment 
the evaluation is accomplished by impartial persons not involved in the study and who themselves have no stake in 
profiting from the results, no matter what the outcome. Particularly with medications, neither the physicians nor the 
patients are aware of which drug is being administered lest any placebo effect be introduced. Such studies are ethically 
and scientifically difficult when surgical procedures are involved. “Sham” operations, involving only skin incisions as the 
control group, are ethically challenging. And yet, in several situations such as ligation of internal mammary operations 
for angina and some reconstructive procedures on the knee, the sham operation was equally effective.

Sham operations likely will not be acceptable in aesthetic procedures. However, aesthetic patients present a special 
opportunity for clinical investigation. Many of the procedures are bilateral and symmetrical, and they minimize 
variables because patients may possibly serve as their own control. A series comparing two approaches to face lifts 
was conducted in which a different procedure was performed on each side of a single patient; there was no difference 
between procedures. One of the ongoing issues with aesthetic science is that patients are unique, and it is dauntingly 
difficult to compare patients even when controlled for sex, age, body habitus, and other variables. There is a scientific 
truism that a series of anecdotes does not constitute data. There is a certain professional arrogance that suggests 
controlled clinical studies cannot be done and that the nature of our practice makes it impossible. Although challenging, 
it is not ethically impossible to conduct such studies. There is no ethical proscription against using the patient as 
both experiment and control in bilateral procedures. For instance, it was not unethical to perform different face lifts 
on two sides of the same patient nor, for that matter, would it have been unethical to use two different implants for 
augmentation. Appropriate scientific and ethical criteria can be met.

1. The procedures being evaluated must be comparable.
2. The patients must be fully informed of risks and benefits.
3. The patients must have full capacity to consent without coercion and must be able to refuse without penalty.

19. Elaborate on these “ethical criteria.”
The procedures must be comparable, for example, use comparable variations on approaches to face lift or presumably 
comparable implants. The data must not be so overwhelming in favor of one or the other approach that no reasonably 
prudent surgeon would ever perform it. However, few such procedures come to mind.

The patient must be fully informed that two different procedures are to be performed and that there is risk of one side 
having a better aesthetic result such that subsequent corrective surgery might be required.

The patient must be able to understand and must be able to refuse without penalty. For instance, it would not be 
appropriate to offer such an approach only to patients who otherwise might not be able to afford a procedure or for 
whom failure to participate would deprive them of any operation.

Years ago, it was argued that no informed consent was possible and that patients should merely trust their physicians 
to do whatever they thought was best. This has proven to be incorrect, and such consent is standard. To now suggest 
that persons cannot be fully informed about investigative procedures is equally implausible. The early planning for 
surgery for gender reassignment presented challenges that were met, and the discussions regarding issues in facial 
transplantation are models for preparation for human experimentation.

20. Does the use of implant materials present a special ethical situation for plastic surgeons?
The use of implant materials is common, but not unique, to plastic surgery. Some materials have an anticipated lifetime 
presence that makes their lasting effects on the body difficult to predict with any degree of scientific certainty. The very 
difficulty makes the challenge and ethical concern of determining their safety more pertinent.

Silicone Implants. I served as a member of the scientific advisory committee of the Food and Drug Administration 
during the silicone controversy almost 2 decades ago. Liquid silicone was not (and still is not) approved because of the 
inadequacy of the scientific data confirming “safety and efficacy.”

With regard to breast implants, there is no question that the scientific data were woefully inadequate. Fifteen years have 
shown that, in fact, acceptable data can be obtained, and gel implants have been released for commercial use. The 
mandated collection of long-term data is not an irritating bureaucratic imposition but rather application of good science.

The experience with silicone breast implants serves as a lesson and an ongoing challenge to plastic surgeons to be 
involved in scientifically rigorous evaluation of all new procedures and materials. This ethical challenge is not one 
restricted to the organized specialty but to each individual surgeon who has the responsibility to be aware of, and 
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use only, what is the best for the patients, even if it means referral to another surgeon. I recall evaluating residency 
programs years ago that announced, rather defiantly, that “we don’t do microsurgery here.” Such a statement now 
would be preposterous, and yet a surgeon who, for whatever reason, does not perform microsurgery and does not refer 
a patient for a microsurgical procedure, if it is the best approach, is acting unethically.

21. Do international surgery programs that provide care in developing countries have 
special ethical considerations?
A specific area for consideration is the noble involvement of plastic surgeons in international programs. The world’s 
disadvantaged are richly served by the generosity and dedication of many. It is an ethical imperative that patients 
so served be approached with the same ethical considerations and standards that would be afforded to patients in 
our private practice. Such patients possess human dignity, and this dignity is no less in poverty or lack of education. 
However, the challenges of providing informed consent are immense. The issue of coercion is almost intrinsic to 
the situation; how could a parent in such circumstances ever refuse? There is a temptation to use such patients to 
“upgrade” our personal abilities by performing procedures that we would not otherwise perform in our practice. It 
presents a tempting situation to “innovate” on the grounds that no matter what we do the patient is going to be better 
off than if we did nothing. There is a temptation to use such situations as a training ground with material for educating 
residents, a mutually acceptable situation only if the supervision is comparable to what would be afforded in our own 
institutions back home. Ethical standards are curiously transportable and universal.

22. Where does one find ethical standards for plastic surgery?
The American Society of Plastic Surgeons has a wonderful Code of Ethics. It has been observed that professionals who 
act in a way to promote the internal goods of a practice and thus are acting in a virtuous fashion do not need many 
additional rules. The Code, in fact, has only 11 general principles that charge us to practice scientifically, with constant 
upgrading of knowledge, for the primary benefit of the patient. It charges us to assure the competence of our colleagues 
and to assist in safeguarding the public from those who would behave “unethically.”

Surgeons should be compensated only for services actually rendered or performed under our direct supervision and 
should sell or distribute products that we have approved. The sale or distribution of products results in financial reward, 
and it places responsibility on the surgeon to be assured that such products are safe and effective and that the patient 
is free from coercion of having to purchase such products as the price of a successful outcome.

23. What are the most common ethical violations?
The most common public violations of ethical standards fall into three categories.

1. Illegal actions. Physicians are licensed by society and thus granted the privilege of being a member of the medical 
profession. This in no way absolves practitioners from their responsibilities to obey the law. Our Code of Ethics 
specifically charges us with carrying out disciplinary actions against surgeons whose licenses have been limited, 
suspended, or terminated. There are those who have been convicted of murder and other crimes that are not 
specifically associated with role as physicians. More specifically, there are those who have committed fraud with 
regard to income tax or dealing with Medicare or other third party carriers.

2. Sexual misconduct. The Hippocratic Oath specifically addresses the fact that physicians are in a special relationship 
with persons who are particularly vulnerable to sexual or other exploitation. Such a differential in power between 
physician and patient blurs the normal standards for what otherwise would be consensual sexual conduct. A number 
of variables determine the propriety of a surgeon developing a sexual relationship with a patient. These include 
the nature of the relationship, the type of procedure, if any, and the time interval involved. For comparison, many 
psychiatrists would argue that in their specialty, there is no time interval beyond which patients are no longer patients.

3. The impaired surgeon. The plastic surgeon is no more protected from age, illness, or addictive disorders than are 
others in society. A conservative estimate is that more than 10% of all plastic surgeons will be so affected.

24. How does one categorize the “impaired surgeon”?
The “impaired surgeon” falls into one of three categories:

1. Illness or injury. Surgeons who have been ill or injured may not be able to practice safely or effectively during 
recovery. The ethical goal is to assure patient safety; the problems with determining surgeon competence are 
immensely complicated. Young surgeons in training are closely monitored for several years and then are formally 
examined by outside agencies. Such a sophisticated process is not readily available to those charged with 
evaluating the reentry of those who have been temporarily disabled.

2. Aging surgeon. Age is not a disability in and of itself. The aging process is, however, accompanied by mental 
and physical challenges that may compromise a surgeon’s ability to practice safely. It is easier to affirm that 
we have a responsibility to society to assure the competence of our colleagues than to outline how this is to be 
accomplished. An ethical dilemma is that limiting a colleague’s privileges for whatever reason may gain us an 
economic advantage and, therefore, is always a potentially difficult ethical issue.
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3. Addictive disorders. The ethical issues pertaining to disorders involving alcohol or other addictive drugs fall 
into two categories. The first category consists of those surgeons whose addiction has become manifest by 
dereliction of duty, criminal action while intoxicated or under the influence of drugs, or even actual injury of a 
patient. Such actions are not acceptable even if the underlying disease can be approached sympathetically. Such 
action appropriately results in some judicial action that in turn limits the surgeon’s ability to practice. This should 
be addressed by authorities in our states and by the American Society of Plastic Surgeons. Unfortunately, those 
whose addictive problems have surfaced in the public sphere are the tip of the iceberg and the ones with whom 
authority can most easily deal. Treatment programs can be mandated, and reentry is monitored by state agencies.

The second, and perhaps most dangerous, category is that large group of surgeons whose addiction has not yet 
surfaced. Their addiction may or may not yet be recognized and admitted (“denial is not just a river in Egypt”). Their 
addiction has not resulted in arrests or disciplinary actions. And yet, we know that their addiction will inexorably lead 
to diminished abilities, impairment, and, if untreated, often personal or public humiliation and tragedy. All states have 
assistance programs, and surgeons have a moral and ethical responsibility, if not to themselves, then at least to their 
patients and society, to initiate or help facilitate intervention that can lead to treatment. Addiction is not itself unethical, 
but the consequences of addiction lead to unethical behavior.

25. What about advertising?
Few professional activities in medicine lend themselves as readily to advertising as aesthetic plastic surgery. Medicine 
has become a commodity in a number of areas, and the public is bombarded with direct commercials to encourage 
them to seek pharmacologic help for everything from nasal congestion to erectile dysfunction. The line between patient 
information and efforts to entice persons to use a product or undergo some form of treatment is not clearly defined. It 
is a medical reality that few patients actually need aesthetic procedures. Even though our society seems insatiable in 
seeking such treatment, it is conflicted about whether such treatment should be provided by government or other third 
party insurers. The very concept of advertising or practice enhancement by commercialization seems unsavory to many, 
particularly older practitioners.

Although the big principles of ethics require only a few paragraphs in the Code of Ethics, addressing the issues of 
advertising and solicitation requires several pages of fine print. Virtuous physicians acting in a virtuous fashion require 
only general principles. The closer practitioners and their actions come to the edge of unethical behavior, the more 
specificity is demanded and the greater are the temptations to mischief. So much of the new technology of improvement 
in appearance involves applications or injections of materials and other procedures that do not involve traditional 
surgical expertise. Such technology does not require the degree of surgical judgment or technology as other areas of 
plastic surgery, and the economic opportunities tend to attract those whose training and expertise are marginal. Access 
to materials for injection and other skin care products is almost unlimited, and it will be difficult for plastic surgery to 
claim exclusivity in the use of such substances or techniques.

Immanuel Kant addressed the issue using other terms when he articulated the ethical maxim that persons are to be used 
as ends and not as a means. The ultimate test of ethical behavior, whether in specific treatment or in efforts to expand or 
enhance the business aspects of practice, is whether the best interests of the patient are the main consideration.

26. Are there ethical concerns for plastic surgery education?
Until the turn into the twentieth century, medical education was largely entrepreneurial, and there were hundreds 
of medical schools, some with curricula as long as 1 year. The last century formalized education for the protection 
of society, and this was voluntarily expanded into graduate medical education. The residency review committees 
reviewed the training programs, and the American Board of Plastic Surgery assessed the initial and ongoing “quality” of 
practitioners to the degree that such testing was reflective of ability. Finally, the various state boards of medical quality 
assured that practitioners met the minimum standards of qualification to practice medicine, including disciplining those 
who failed moral, legal, or quality standards.

Such “licensure” was de jure (force of law) for the states and de facto (in fact) for board certification. Such a situation 
was looked upon by many, particularly on the inside, as maintaining quality in the name of society. Many others, 
particularly those outside in other specialties, believed that the situation was an effort to restrict trade and legitimate 
access to patients. A medical license is broadly defined and usually does not restrict scope of practice. Such limitations 
on scope are largely the function of hospitals and their criteria for privileges. Because aesthetic surgery is largely 
conducted on an outpatient basis and most skin resurfacing procedures can be office based, organized plastic surgery 
is no longer in a position to assure quality or claim exclusivity, at least in these areas.

Plastic surgery education has undergone substantial changes as well. Many of the early plastic surgeons possessed 
a background in oral and maxillofacial surgery. Since World War II, most plastic surgeons have gained entry through 
general surgery, orthopedic surgery, or otolaryngology, and many training programs were broadly based, providing 
expertise across a spectrum of the specialty and often involving 7 to 8 years for completion. As the scope of the 
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specialty seems to be contracting, with a preponderance of interest in aesthetic surgery, such broad-based and 
lengthy programs will become more unattractive and seem less relevant to prospective candidates than dermatology 
or other disciplines with more focused interests. This will create a major ethical issue for the entire specialty of 
plastic surgery. Efforts to continue asserting competence and skill in areas such as burns, head and neck surgery, 
hand surgery, and other more focused areas will be almost impossible, particularly because these areas are more 
logically the province of the anatomically oriented specialties. Classic and paradigmatic plastic surgery procedures 
such as repairs of cleft lip and palate have become difficult to teach in residency programs and for surgeons in 
practice to maintain competence.

A plastic surgery residency program has an ethical responsibility to assure that graduates are, in fact, skilled in all 
areas claimed to be within the purview of the specialty. More importantly, it is the moral and ethical responsibility of the 
practicing plastic surgeon to maintain knowledge and technical skills in those areas in which they hold themselves as 
specialists.

27. Case analysis: A 17-year-old female requests that you implant a tennis ball in the 
middle of her forehead. What is your response, and what are the ethical issues?
You chuckle of course and dismiss this situation as out of hand. Although the patient may seem competent, her request 
is bizarre and you promptly discard it. However, with additional information and history provided by the patient, her 
request no longer seems bizarre, and real issues arise.

The patient is the same 17-year-old female who requested that you implant a tennis ball in the middle of her forehead. 
She has a 10-year history of epilepsy that is only partially controlled by medication. During seizures she  uncontrollably 
falls forward, repeatedly striking her forehead. She has sustained contusions and hematomas, which have required 
aspiration. The helmet that she now must wear is unsightly and a social handicap.

Your imagination soars, and it occurs to you that some variation on the tennis ball theme may actually be of benefit 
and you work with fabricators to fashion a silicone gel padding for her forehead that can easily be inserted. Your 
ethical intuition also soared as you applied all the virtues and rules to the situation. You approached her with a 
sense of impartiality, discernment, and a willingness to be precedent-setting. You understood that to do good in her 
circumstance was different from most, and the nonmaleficence or keeping her from harm was literal as well as 
figurative. She is old enough to understand and express her own autonomy. With the involvement and support of her 
parents, adequate informed consent can be obtained even though such a procedure may never have been done before. 
You might choose to request consultation from colleagues and even discuss it with the ethics committee of your 
institution. Because of its unique characteristics you would clear it with your committee on human investigation; it is a 
form of individual human experimentation in which all stakeholders have been respected. Finally, it is a procedure that, 
were she your daughter, you would have found it acceptable—the categorical imperative. In the midst of what seemed 
to be manure, there was a pony.

28. You have said that “Ethics is like manure!” What do you mean?
One immersed in a manure pile may dig furiously in the hopes that, because there is so much manure, there must be 
a pony in there somewhere. More reasonably, one can attack the manure pile and distribute it widely over the field, 
expecting that rich growth will result. The metaphor applies to ethical dilemmas.

Whereas morality is largely an individual matter of conscience, ethics involves the entire profession, the patients 
and society in general. When ethical problems arise, they should be shared. Ethics transcends individual disciplines 
and encompasses religion, philosophy, law, sociology, and anthropology. Profound ethical issues such as stem 
cell research are national and not merely personal issues. Over the last decades, our societies, our hospitals, and 
our licensing agencies all have come to incorporate ethics codes, committees, or principles into their decisions. 
This also applies to individual practitioners who may be faced with ethical dilemmas. Like manure, spreading the 
problem around and obtaining advice and consultation can resolve many ethical issues before they become ethical 
problems.
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Distraction osteogenesis

 1. How is distraction osteogenesis used to generate new bone?
Distraction osteogenesis is a powerful form of endogenous tissue engineering that promotes bone formation through 
the gradual separation of osteogenic fronts. The principles of distraction osteogenesis were first described by Ilizarov, 
who demonstrated this modality could be consistently applied to long bone reconstruction with acceptable morbidity. 
Translation to the bones of the craniofacial skeleton first occurred in the mandible. Since that time, this technique has 
become a standard tool for craniofacial surgeons to achieve both significant midface and mandibular advancement.

 2. What are the phases of distraction osteogenesis?
As described by Ilizarov, following the osteotomy or corticotomy, distraction osteogenesis incorporates an early 
rigid fixation phase, referred to as latency, followed by gradual distraction. The third and final phase (referred to as 
consolidation) entails stable fixation until radiographic and/or clinical assessment demonstrates the formation of a 
robust, mineralized bony regenerate.

 3. What are common complications associated with craniofacial distraction 
osteogenesis?
Overall morbidity has been reported to be as high as 35%. Most commonly, soft tissue infection, osteomyelitis, 
and pin-tract infection have been reported. Loosening of the distraction device has been reported secondary to 
daily manipulation. Patient discomfort and poor compliance remain salient considerations. Lastly, fibrous nonunion, 
permanent inferior alveolar nerve injury (mandibular distraction), and relapse of the original condition (typically within 
the first 6 months following initial distraction) are significant complications.

 4. Describe the mechanical forces involved in distraction osteogenesis.
Studies correlating histologic findings with measurements of tensile force have found that the highest rates of bone 
formation occur during active distraction, with typical strain patterns ranging between 10% and 12.5% across the 
regenerate. Work with finite element analysis has suggested mesenchymal tissues within the gap experience moderate 
hydrostatic stress predictive of intramembranous bone formation. In contrast, mild compressive stress has been 
observed in the periphery, compatible with endochondral bone formation around the periosteal edges. These predictions 
mirror histologic findings in multiple models of mandibular distraction, with direct intramembranous bone formation 
within the distraction gap and endochondral bone formation adjacent to osteotomized fronts.

 5. Can the period of latency be potentially reduced to shorten the overall course of 
distraction osteogenesis?
Several studies have raised doubt over the necessity of a latency period. Investigations using ovine and porcine models 
have demonstrated no differences in mechanical strength, radiographic appearance, or bone density of the regenerate 
when no latency was used relative to a latency period of 4 or 7 days. Furthermore, retrospective studies have revealed 
similar results in the clinical setting, suggesting the traditional practice of latency may not be critically important. 
Thus, reduction and/or elimination of latency may potentially allow for shortening of the total duration of distraction 
osteogenesis without any detriment to the quality of bony regenerate.

 6. How can the period of consolidation be shortened?
The greatest reduction in time to the overall course of distraction osteogenesis may be made by hastening the period 
of consolidation. Consequently, several studies have specifically evaluated the effects of callus stimulation. Long bone 
fracture models have already shown that mechanical loading can increase callus bulk, promote fracture healing, and 
hasten the onset of bony union. Adapting this principle to mandibular distraction, cyclical loading of the regenerate 
during early consolidation has been found to increase callus size, cortical density, and mineral apposition rate. 
Alternatively, callus stimulation has also been achieved through pulsed ultrasound in a rabbit model, with analogous 
proosteogenic effects on the distraction regenerate observed.
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 7. How may bone morphogenetic proteins improve results of distraction 
osteogenesis?
Temporospatial histologic and immunohistochemical studies have demonstrated up-regulation in bone morphogenetic 
proteins (BMPs) 2, 4, and 7 by osteoblasts within the distraction gap. Chondrocytes likewise have been found to 
increase BMP expression, particularly during the period of consolidation. Based on these findings, several investigations 
have evaluated the effects of augmenting local BMP levels on the distraction regenerate. Adenoviral-mediated delivery 
of BMP-2 into the gap during early consolidation has been shown to improve ultimate bone deposition, as assessed 
by radiographic, histologic, and histomorphometric analyses. Such results suggest BMP-2 to be a potential biologic 
modality for enhancing clinical distraction outcomes.

 8. Which pro-angiogenic cytokines are involved in distraction osteogenesis?
Expression of both vascular endothelial growth factor (VEGF) and fibroblast growth factor-2 (FGF-2) has been found to 
increase within the regenerate of mice and goats during the period of active mandibular distraction. Quantitative real-time 
reverse transcriptase polymerase chain reaction (RT-PCR) has demonstrated a fourfold increase in expression of both of 
these angiogenic factors during bone formation with gradual distraction compared with other models of nonhealing or 
unsuccessful distraction.

 9. How critical is angiogenesis for successful bone formation during distraction 
osteogenesis?
Studies evaluating the necessity of angiogenesis have found that suppression of new blood vessel formation, through 
the administration of TNP-470, significantly impairs bone formation during distraction osteogenesis. Platelet/endothelial 
cell adhesion molecule (PECAM) staining of the distraction gap in mice given TNP-470 revealed an absence of blood 
vessel formation within the regenerate, suggesting the failure of angiogenesis may have contributed to the failure in 
osteogenesis observed. These findings support the notion that angiogenesis may be as important as proper mechanical 
environment for successful distraction.

craniosynostosis

10. Mutations in which growth factor receptors have been implicated in several forms of 
syndromic craniosynostosis?
Of the four known fibroblast growth factor receptors (FGFRs), mutations in three (FGFR-1, FGFR-2, FGFR-3) have been 
implicated in several forms of syndromic craniosynostosis. Mutations of FGFR-2 are the most common. Most mutations 
result in missense changes to the linker region between the second and third regions of the immunoglobulin-like 
domains, resulting in receptor gain of function through constitutive dimerization or enhanced ligand–receptor affinity.

11. What is the role of fibroblast growth factors in cranial suture fusion?
The important role of FGF signaling in regulating cranial suture fusion has been emphasized by the multiple 
craniosynostosis syndromes found to be caused by gain-of-function mutations in the FGFRs. Significant data from the 
murine model has specifically highlighted FGF-2 in regulating cranial suture fate. In the murine model, the posterior–
frontal (PF) suture fuses postnatally, whereas all other sutures remain patent. Immunohistochemical staining of rat PF 
and sagittal (SAG) sutures revealed relatively increased immunoreactivity of FGF-2 in the dura mater underlying the 
PF suture prior to and during the period of active fusion. This suggests that FGF-2 secreted from regional dura mater 
acts in a paracrine fashion on the overlying suture. The importance of FGF signaling has been further demonstrated by 
adenoviral-mediated delivery of a dominant negative FGFR-1 construct to the dura mater underlying the PF suture in 
embryonic rats. Interruption of FGF signaling prevented normal PF suture fusion.

12. What role does Noggin play in the maintenance of suture patency?
Noggin is a known antagonist of the proosteogenic BMP cytokines. In mice, BMPs are found in both fusing sutures and 
those that remain patent. However, Noggin has been found to be differentially expressed, being found only in sutures 
that remain patent. These findings suggest that Noggin plays a crucial role in the maintenance of suture patency through 
suture-specific BMP antagonism.

13. What is BMP-3, and how may this protein affect suture fate?
BMP-3 is a member of the bone morphogenetic protein family. However, unlike other family members, BMP-3 is 
an antagonist of BMP-2 and BMP-4 signaling. Whereas Noggin directly inhibits BMP ligand–receptor interaction, 
BMP-3 instead blocks BMP-2 and BMP-4 activity through competition for downstream SMAD signaling 
intermediates. Microarray analysis of gene expression in rats has demonstrated differential expression of BMP-3 
within the cranial sutures. In fusing sutures, BMP-3 has been shown to decrease during the period of active fusion. 
Contrasting this, BMP-3 has been found to increase in sutures that remain patent during the same time period. 
Together, these temporospatial expression patterns for BMP-3 imply a role similar to Noggin in the maintenance 
of suture patency.
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14. What is the role of transforming growth factor beta in cranial suture biology?
There are three known isoforms of transforming growth factor beta (TGF-β): TGF-β1, TGF-β2, and TGF-β3. Although 
no syndromic forms of craniosynostosis have been definitively linked to mutations within the TGF-β signaling pathway, 
significant data point to its role in the regulation of cranial suture patency. Isoform expression analysis in sutures of 
patients with craniosynostosis has revealed that TGF-β2 is heavily expressed in fusing sutures. This observation has 
also been noted in several animal models of suture fusion, implying a potential role for this isoform in facilitating suture 
closure. In contrast, TGF-β3 has been localized to the osteogenic fronts of patent sutures, suggesting this isoform plays 
in a role in the maintenance of suture patency.

15. What role does the dura mater play in cranial suture biology?
Significant data suggest that dura mater underlying sutures secretes cytokines that regulate suture patency. 
Furthermore, investigations with the murine model have suggested regional specification such that the dura mater 
underlying sutures that fuse expresses multiple proosteogenic cytokines, including FGF-2 and TGF-β2 along with bone-
associated extracellular matrix molecules (collagen I, collagen III, osteocalcin). In contrast, minimal FGF-2 expression 
was observed in the dura mater underlying sutures that remain patent. Finally, studies in the murine model interposing a 
silicone membrane between the dura mater and overlying suture complex have demonstrated delayed suture fusion.

tissue engineering/regeneration

16. What are current techniques used to treat large bone defects, and what are their 
disadvantages?
Current surgical techniques have used autogenous, allogeneic, and prosthetic materials in various combinations to 
achieve bone reconstruction. Autogenous bone grafting has generally yielded favorable results; however, this is largely 
limited by donor-site morbidity and the amount of bone that can be harvested. Allogeneic bone also can be employed, 
although concerns have arisen regarding infection, immunologic rejection, and graft-versus-host disease. Lastly, 
alternative synthetic materials have been devised, including metal alloys, glass, plaster of Paris, polymethylmethacrylate, 
and biodegradable scaffolds. Unfortunately, none of these modalities have yielded favorable results alone, lacking the 
proper combination of mechanical strength, biocompatibility, and capacity for remodeling.

17. What cellular options exist for cell-based approaches to tissue engineering?
Human embryonic stem cells have been demonstrated to possess the capacity to differentiate along multiple lineages; 
however, significant political and ethical issues surround the use of these cells, encumbering further investigations. In 
contrast, postnatal progenitor cells have emerged as an attractive alternative for use in tissue engineering. Most work 
with these cells has been performed on the mesenchymal stem cell (MSC) fraction residing within the bone marrow. 
Postnatal progenitor cells have also been identified in the stromal fraction of adipose tissue. These cells possess similar 
multipotency, with the advantage of ease of harvest and increased cellular yield for the same amount of tissue obtained 
over those found in bone marrow.

18. Mesenchymal stem cells have the capacity to differentiate into which lineage-
specific tissue types?
Investigators have demonstrated that MSCs contribute to the regeneration of a multitude of tissue types in the body, 
including bone, cartilage, muscle, ligament, tendon, adipose, and stroma. Specific work with bone marrow aspirates 
have revealed the ability of MSCs to form fat, cartilage, muscle, and bone under appropriate in vitro conditions. Studies 
on fat-derived MSCs from both humans and mice likewise have shown their capacity to form each of these tissues.

19. What are the three broad types of scaffolds used in bone tissue engineering?
Current scaffolds used can be broadly grouped into three main categories: natural, mineral based, and synthetic 
polymers. Natural scaffolds, such as collagen and hyaluronic acid, are routinely used as substrates for bone engineering. 
However, their lack of structural rigidity limits their use to areas with mechanical stability. Mineral-based scaffolds, 
composed of calcium phosphates in the form of hydroxyapatite and/or beta-tricalcium phosphate, have been used for 
nearly a century. However, like natural scaffolds, mineral-based scaffolds lack inherent strength for use in reconstruction 
of sites experiencing mechanical loading. Finally, synthetic polymers, such as polyglycolic acid, polylactic acid, 
polydioxanone, and polycaprolactone, have recently been developed with increased mechanical strength over natural 
and mineral-based scaffolds. Although synthetic polymers may be more advantageous in load-bearing regions, they 
typically lack the osteoinductive properties of these other forms.

20. Neovascularization is the process of new blood vessel formation. How does 
angiogenesis contribute to new blood vessel growth, and how does it differ from 
vasculogenesis?
Neovascularization occurs by two distinct processes: angiogenesis and vasculogenesis. Angiogenesis is the proliferation of 
mature endothelial cells from preexisting blood vessels to form new blood vessels. Vasculogenesis is the formation of new 
blood vessels in situ from stem cells. In the developing embryo, stem cells proliferate and form blood islands that join and 
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form the capillary network of the yolk sac. Recent evidence has shown that the process of vasculogenesis also can occur in 
adult life where circulating endothelial progenitor cells contribute to new blood vessel formation in areas of ischemia.

21. Describe the steps involved in the process of angiogenesis.
Ischemic or diseased tissues produce various cytokines that bind to specific receptors on endothelial cells of preexisting 
blood vessels. These endothelial cells then become stimulated to produce enzymes that dissolve the extracellular matrix 
of the blood vessels. These resident endothelial cells begin to proliferate and migrate through the newly created pores 
in the direction of the ischemic or diseased tissue with the help of various cell adhesion molecules and integrins. The 
endothelial cells eventually form blood vessel tubes that are stabilized with the incorporation of smooth muscle cells and 
pericytes. Finally, these tubes are connected to form functionally perfused blood vessels.

22. Describe the process of vasculogenesis.
The body produces various cytokines in response to an ischemic insult that mobilizes vascular stem cells from the bone 
marrow compartment. These stem cells then home to the areas of ischemia, where they egress out of the vasculature 
to form clusters oriented in the direction of the ischemic gradient. These clusters eventually join into vascular-like cords 
that become canalized, yielding functional blood vessels.

23. What are the cytokines that stimulate angiogenesis to occur?
At least 20 angiogenic growth factors are known to contribute to this process of new blood vessel growth. Some of the 
most important of these angiogenic cytokines include FGF, VEGF, and platelet-derived growth factor (PDGF).

24. Are there any cytokines that inhibit angiogenesis?
Currently, more than 300 angiogenic inhibitors are known to decrease new blood vessel growth. Examples are 
endostatin and various tissue inhibitors of metalloproteinases (TIMPs).

25. Why is the process of angiogenesis important to the field of plastic and 
reconstructive surgery?
Angiogenesis is the most important determinant to the success of a healing wound. Regardless of whether the wound 
is a surgical incision from a blepharoplasty, a pressure/decubitus ulcer, or free flap reconstruction, the ability to form 
new blood vessels will largely dictate whether or not that wound will heal. Recent evidence has demonstrated that 
diabetic and aged patients exhibit decreased wound healing compared with healthy people due to an impairment in the 
formation of new blood vessels.

26. How else does the decrease in angiogenesis contribute to disease pathology?
The decreased ability to form new blood vessels contributes to multiple disease processes that are most evident in 
the elderly and diabetic populations. For example, cardiovascular disease currently is the leading cause of death in the 
United States. The decrease in angiogenesis is partly responsible for the inability to form collateral vessels in response 
to ischemia, such as that seen in patients with coronary artery disease, cerebrovascular accidents, peripheral vascular 
disease, and myocardial infarctions.

27. If a decrease in angiogenesis is associated with a propensity to develop these 
multiple disease processes, is an increase in angiogenesis always beneficial to the 
health of the patient?
The process of angiogenesis is extremely complicated and is dictated by the interaction between the angiogenic 
stimulators and inhibitors. Excessive angiogenesis is also a major contributor to certain illnesses, such as tumor growth 
and metastasis, psoriasis, and diabetic retinopathy. In addition, excessive angiogenesis is associated with certain 
vascular malformations such as the development of infantile hemangiomas.

28. What treatment modalities are available to treat these defects in angiogenesis?
Proangiogenic and antiangiogenic therapies currently are at the forefront of intense research, not just in the field of 
plastic and reconstructive surgery but also in multiple other disciplines such as cardiology and oncology. First, the 
search for proangiogenic therapies to treat myocardial and limb ischemia has failed to produce any convincingly positive 
results. However, various angiogenic stimulators, such as becaplermin (Regranex), currently are available for the care 
of nonhealing wounds. Similarly, the angiogenic inhibitor bevacizumab (Avastin) is the first to receive Food and Drug 
Administration (FDA) approval for use in combined chemotherapy treatment of patients with metastatic colorectal cancer.

29. What is therapeutic neovascularization?
The concept of therapeutic angiogenesis/vasculogenesis centers on the idea of transplanting vascular stem cells 
harvested from either the bone marrow or peripheral blood into patients suffering from various ischemic diseases in 
order to augment new blood vessel growth. Several small preliminary studies have shown a great deal of promise for 
this treatment modality, but larger, randomized control studies are necessary to corroborate these findings.
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Malignant MelanoMa 13

 1. What are the essential facts about cutaneous melanoma?
Malignant melanoma of the skin is increasingly an important global health problem. The reasons for this are 
immediately apparent: (1) incidence rates of cutaneous melanoma continue to rise almost inexorably in populations 
of European origin worldwide; (2) diagnosis of melanoma at an early stage is almost always curable; (3) currently no 
effective treatment for advanced melanoma is available; (4) a large proportion of melanomas probably can be ascribed 
to a single (modifiable) risk factor—sun exposure, and (5) whether medical intervention of any kind influences 
outcome in melanoma has not been established. Major initiatives in recent years have concentrated on education 
about sun avoidance, the importance of skin awareness and skin examination, and the screening of populations at 
high risk for melanoma. However, whether any of the latter measures have had any significant influence on mortality 
from melanoma is unclear.

 2. What is the basis for classifying melanoma?
Recent evidence supports the long-standing hypothesis that melanomas have distinct developmental pathways that are 
related to anatomic site, degree of sun exposure, genetic predisposition, and potentially other factors.

Because almost all melanomas are initially localized to squamous epithelium for some period of time, a classification 
of melanoma based on the presence or absence and patterns of intraepidermal involvement was described and used 
for many years. One idea behind such a classification was that particular intraepidermal patterns (also termed radial 
or horizontal growth phases) might correlate with differences in etiology and possibly prognosis. Nevertheless, an 
objective assessment of the classification of melanoma according to intraepidermal pattern or growth phase is that 
such a classification is artificial in many respects. The reasons for this view are (1) the tremendous morphologic 
heterogeneity of melanoma; (2) morphologic patterns may correlate with anatomic site; (3) recent data from molecular 
biologic studies indicate distinct pathways of melanoma development irrespective of type of intraepithelial growth 
pattern (see Question 3); (4) some intraepithelial components are difficult to recognize as either clearly benign (i.e., a 
potential precursor such as an atypical nevus) or malignant; (5) the idea that nodular melanomas develop as de novo 
invasive tumors without any initial intraepithelial melanocytic proliferation is theoretically possible but has not been 
proved; and (6) after adjustment for Breslow thickness the pattern of the intraepidermal component has no effect on 
prognosis.

 3. What are the major forms of cutaneous melanoma?
Melanoma of intermittently sun-exposed skin. Melanomas in this group, which account for the great majority of 
melanomas in Caucasians, often (but not always) have an adjacent pagetoid intraepidermal component, a frequent 
association with BRAF mutations and melanocytic nevi (also with BRAF mutations), and development in relatively 
young adults.

Lentigo maligna (solar) melanoma. Melanomas of chronic sun-damaged skin are distinct from other forms of 
melanoma irrespective of intraepidermal pattern of melanocytic proliferation because of their strong correlation 
with cumulative sunlight exposure, onset in older persons, uncommon association with melanocytic nevi, and the 
pattern of genomic aberrations. This group of melanomas seems to have significantly fewer chromosomal aberrations 
compared with acral and mucosal melanomas, in general an absence of BRAF mutations, frequent gains in CCND1 
and regions of chromosome 22, and losses from chromosome 4q.

Acral (and mucosal) melanoma. These melanomas appear distinctive because they develop in relatively or completely 
sun-protected sites, have infrequent BRAF mutations, and show greater numbers of chromosomal aberrations 
compared with the latter melanomas.

Nodular melanoma. This descriptive term refers to melanomas with no adjacent intraepithelial component and is 
thought to simply indicate a heterogenous group of melanomas showing rapid tumor progression irrespective of 
intraepithelial pattern or location.
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Continued research is needed to validate differences among the latter variants and to clearly identify avenues for 
preventive and therapeutic intervention that have real impact on patient suffering and mortality from melanoma. Such 
substantiation of unique differences among melanomas that provides the basis for meaningful intervention is the only 
rationale for the continued use of any classification of melanoma. Otherwise there is no real rationale for recording 
descriptive information in pathology reports, other than information such as Breslow thickness and margins, which has 
been validated to have a direct bearing on prognosis and patient management.

 4. What are the general clinical features of cutaneous melanoma?
In general, cutaneous melanoma affects adult Caucasians most commonly and is rarely observed before puberty. Men 
and women are equally affected, although some European studies have suggested a higher incidence in females. 
Patients are most commonly diagnosed with melanoma in the fourth through seventh decades. The most common site 
is the trunk (back) followed by the upper extremities and head and neck for men, and the lower extremities followed 
by the back, upper extremities, and head and neck for women. Gross morphologic features of melanoma include 
size, often >1 cm (range 2 mm to >15 cm); irregular or notched borders; asymmetry; complexity of color including a 
variable admixture of tan, brown, blue, black, red, pink, gray, and white; and ulceration and bleeding (Fig. 13-1). Early 
melanomas, especially those involving chronic sun-exposed and acral sites, may be completely flat but with progression 
usually develop a papular or nodular component (Figs. 13-2 to 13-4). Melanomas lacking pigment (amelanotic 
melanoma) and those resembling keratoses are particularly difficult to diagnose without a high index of suspicion  
(Fig. 13-5). Acral melanoma, although accounting for 5% or less of melanomas among Caucasians, is the most frequent 
form of melanoma among Asians, Africans, and other ethnic groups of color (see Fig. 13-3). However, approximately 
the same incidence of acral melanoma occurs in all ethnic groups. Subungual melanoma is a distinctive variant of acral 
melanoma that most often involves the nailbed of the great toe or thumb, where it commonly presents as an ulcerated 
tumor. However, the initial manifestations may include a longitudinal pigmented band of the nail plate (frequently ≥9 mm 
in width) or a mass under the nail plate (Fig. 13-6). A useful clinical sign is pigmentation extending from the nail onto the 
surrounding periungual skin (Hutchinson’s sign).

 5. What are the general histopathologic features of cutaneous melanoma?
The intraepithelial component. Almost all melanomas begin as a proliferation of melanocytes initially confined to the 
epidermis (Fig. 13-7). The latter proliferation may develop with or without a detectable melanocytic nevus. Estimates of 
the frequency of melanomas developing in continuity with a nevus of any kind vary widely; approximately one third of 

Figure 13-1. Melanoma of intermittently sun-exposed skin. Note asymmetry, large diameter, irregular borders, and complex coloration.
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Figure 13-2. Solar melanoma 
(melanoma of chronically sun-exposed 
skin). This lesion involves the cheek. 
The lesion has macular and papular 
components, asymmetry, large diameter, 
irregular borders, and complex coloration.

Figure 13-3. Acral melanoma. This 
lesion demonstrates macular and large 
nodular components.

Figure 13-4. “Nodular” melanoma. 
Melanoma on scalp without 
demonstrable surround component. 
Melanomas with this configuration may 
develop on any anatomic site with or 
without a clearly identifiable adjacent 
intraepithelial proliferation of melanoma.
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melanomas have nevus remnants. The duration of this intraepidermal phase ranges from months to many years, during 
which these proliferative lesions show progressive degrees of architectural and cytologic atypicality.

Increasing cytologic atypia of melanocytes accompanies the aberrant architectural appearance. The melanocytes 
vary in degree of atypia and the proportion of cells with nuclear atypia. However, atypical melanocytes usually have 
enlarged nuclei that exhibit variation in nuclear shapes and chromatin patterns, and they may have large nucleoli. 
Thickening of nuclear membranes and irregular nuclear contours are also characteristic. The cytoplasm of such 
melanocytes may be abundant with a pink granular quality, may contain granular or finely divided (“dusty”) melanin 
(Figs. 13-7 to 13-9), or may show retraction, resulting in a clear space around the nuclei. Melanocytes with scant 

Figure 13-5. Amelanotic “nodular” melanoma. This type of 
lesion may develop at any location and is indistinguishable from 
metastatic melanoma.

Figure 13-6. Subungual melanoma. Note broad irregularly pigmented 
band involving nail plate. Pigmentation extends onto periungual skin 
(Hutchinson’s sign).

Figure 13-7. Melanoma of 
intermittently sun-exposed skin 
(pagetoid melanoma). Scanning 
magnification shows pagetoid spread 
of epithelioid melanoma cells.
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Figure 13-8. Melanoma of 
intermittently sun-exposed skin 
(pagetoid melanoma). Higher 
magnification shows pagetoid 
pattern and the beginnings of 
dermal invasion by melanoma cells.

Figure 13-9. Melanoma of 
intermittently sun-exposed skin 
(pagetoid melanoma). Pagetoid 
melanocytosis with large epithelioid 
melanoma cells.

cytoplasm typically have high nuclear-to-cytoplasmic ratios. Such proliferations have been variously labeled as atypical 
melanocytic hyperplasia, premalignant melanosis, melanocytic dysplasia, and “pagetoid melanocytic proliferation” as 
well as melanoma in situ.

Invasive melanoma. After the period of intraepidermal proliferation, there is often invasion of the papillary dermis, primarily as 
single cells and small aggregates of cells. Microinvasive melanoma is remarkable for a striking host response in the papillary 
dermis, typically a dense cellular infiltrate of lymphocytes and monocyte/macrophages. Presumably, in consequence of this 
host reaction, regression, often focal, is common in up to 50% of microinvasive melanomas (see Question 28).

The term vertical growth phase (VGP) has been used by some to describe the proliferation of invasive melanoma 
cells as cohesive aggregates (Fig. 13-10). It has been postulated that the so-called VGP signifies the onset of the 
metastatic phenotype because it may be indistinguishable from metastatic melanoma. However, melanomas lacking 
the morphology of the VGP have resulted in metastases.

Melanomas with prominent invasive components may display polypoid morphologies such that more than half (sessile 
forms) or virtually all (pedunculated forms) of the tumor is above the epidermal surface. Amelanotic variants also may 
develop in any type of melanoma.
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 6. What are the clinical and histopathologic features of melanomas of intermittently 
sun-exposed skin?

CliniCal Features

 • In general onset after puberty, but all ages affected
 • Most frequent ages 30 to 70 years
 • Caucasians > Africans, Asians
 • Women ≥ men
 • Most common sites are lower extremities and trunk of women and trunk (back) of men
 • Pain, pruritus
 • Size often >1 cm (range 2 mm to >15 cm)
 • Initially macular, later stages may be papular and nodular
 • Asymmetry
 • Irregular and often notched borders
 • Complexity and variation in color often with admixtures of tan, brown, black, blue, gray, white, red
 • May be entirely skin-colored (amelanotic) or black
 • Ulceration and bleeding may be present

HistopatHologiC Features

Architecture

 • Asymmetry
 • Heterogeneity of lesion
 • Large size (>6 mm), but many exceptions
 • Poor circumscription of proliferation
 • Melanin not uniformly distributed

OrgAnizAtiOnAl AbnOrmAlities  
Of intrAepidermAl cOmpOnent

 • Pagetoid spread
 • Upward migration of melanocytes in random pattern, single cells predominate over nests, cells often reach granular 
and cornified layers

 • Lentiginous melanocytic proliferation
 • Melanocytes reach confluence
 • Nesting of melanocytes (sun-damaged skin)

Figure 13-10. Melanoma of 
intermittently sun-exposed skin 
(pagetoid melanoma). Invasive 
component contains epithelioid 
melanoma cells.
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 • Melanocytes not equidistant
 • Proliferation of melanocytes along adnexal epithelium

 • Nested pattern
 • Variation in size, shape, placement of nests
 • Nests replace large portions of squamous epithelium
 • Diminished cohesiveness of cells in nests
 • Confluence of nests

 • Loss of epidermal rete pattern (effacement)
 • Mononuclear cell infiltrates, often band-like
 • Fibroplasia of papillary dermis
 • Regression frequently present

cytOlOgy

 • Nuclear changes
 • Majority of melanocytes uniformly atypical
 • Nuclear enlargement
 • Nuclear pleomorphism (variation in sizes and shapes)
 • Nuclear hyperchromasia with coarse chromatin
 • One or more prominent nucleoli

 • Cytoplasmic changes
 • Abundant granular eosinophilic cytoplasm in epithelioid cells
 • Finely divided (“dusty”) melanin
 • Variation in size of melanin granules
 • High nuclear-to-cytoplasmic ratios in spindle cells
 • Retraction of cytoplasm

 • Mitoses (in dermal component)
 • Atypical mitoses
 • Necrotic cells

invasive Component in Dermis

Architecture

 • Tumefactive cellular aggregates
 • Pushing, expanding pattern without regard for stroma
 • Hypercellularity
 • Less host response

cytOlOgy

 • As previously
 • Increased nuclear-to-cytoplasmic ratios
 • Mitoses in dermal component
 • Atypical mitoses
 • Necrotic cells

 7. What is the differential diagnosis of melanomas of intermittently sun-exposed 
skin?
 • Markedly atypical (dysplastic) nevi
 • Halo nevi
 • Spitz tumors
 • Pigmented spindle cell melanocytic tumors
 • Recurrent/persistent melanocytic nevi
 • Congenital nevi

 8. What are the clinical and histopathologic features of lentigo maligna melanomas?
Lentigo maligna is a confusing term because it has been used to describe a histologic spectrum ranging from slightly 
increased numbers of basilar melanocytes with variable, low-grade cytologic atypia, which is not clearly melanoma 
in situ, to a contiguous and often nested intraepidermal proliferation of highly pleomorphic melanocytic cells, which is 
melanoma in situ. Furthermore, some pathologists consider all lentigo maligna to be melanoma in situ whereas others 
obviously do not, hence the confusion. Irrespective of terminology used, the pathologist must clearly communicate to the 
clinician the meaning of the pathologic terms used to describe these lesions.
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CliniCal Features

 • Age 60 to 70 years
 • Men = women
 • Sun-exposed surfaces: cheek (most common), nose, forehead, ears, neck, dorsal surfaces of hands
 • 0.2 to 20 cm
 • Initial tan macule suggesting a varnish-like stain
 • Tan, brown, black macule or patch, black flecks are characteristic (early lesions)
 • Pink, gray, white with progression and areas of regression
 • Papule or nodule, pigmented or amelanotic (advanced)
 • Ulceration, bleeding
 • Asymmetry
 • Irregular, notched borders

HistopatHologiC Features  
(FIGS. 13-11 AND 13-12)

 • Effacement and thinning of epidermis common
 • Prominent solar elastosis

Figure 13-11. Solar melanoma in 
situ. Note striking basilar proliferation 
of variably atypical melanocytes in 
the epidermis.

Figure 13-12. Solar lentiginous 
melanoma. Higher magnification 
shows atypia of basilar melanocytes.
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 • Solar intraepidermal melanocytic neoplasia (lentigo maligna)
 • Solar intraepidermal melanocytic proliferation (insufficient for melanoma in situ):

 • Lentiginous melanocytic proliferation
 • Pleomorphic melanocytes (variable cytologic atypia)
 • Extension of melanocytic proliferation downward along appendages
 • Usual absence of nesting and pagetoid spread

 • Melanoma in situ:
 • Contiguous or near contiguous lentiginous melanocytic proliferation
 • Intraepidermal nesting of melanocytes
 • Pagetoid spread
 • Prominent extension of melanocytic proliferation downward along appendages, often with nesting
 • Significant cytologic atypia
 • Melanocytes somewhat spindled to increasingly epithelioid

 • Pigmented spindle cell variant (often on ears):
 • Prominent intraepidermal discohesive nesting of atypical spindle cells
 • Spindle cells often comprise invasive component but polygonal, small cells common
 • Appendage-associated nesting of atypical melanocytes suggests invasion and may be florid (not true invasion)
 • Partial regression relatively common
 • Precursor nevus present ≈3% of cases
 • Desmoplasia, neurotropism, angiotropism common

 9. What is the differential diagnosis of lentigo maligna melanoma?
 • Solar lentigo
 • Solar melanocytic hyperplasia (photoactivation)

 • De novo
 • Occurrence with nevi, fibrous papule, basal cell carcinoma, actinic keratosis, etc.

 • Atypical intraepidermal melanocytic proliferation, not otherwise specified
 • Solar lentiginous junctional or compound melanocytic nevi with or without atypia (may overlap atypical (dysplastic 
nevi)

 • Pigmented spindle cell tumor
 • Pigmented actinic keratosis
 • Squamous cell carcinoma, spindle cell type
 • Atypical fibroxanthoma
 • Cellular neurothekeoma
 • Malignant peripheral nerve sheath tumor
 • Angiosarcoma
 • Kaposi’s sarcoma
 • Leiomyosarcoma

10. What are the clinical and histopathologic features of acral (and mucosal) 
melanomas?

CliniCal Features

 • Age 60 to 70 years
 • Men = women
 • Equal incidence in all racial groups
 • Most prevalent form of melanoma in Africans, Asians, Native Americans, other peoples of color
 • Glabrous (volar) skin and nail unit

 • Palms, soles, digits 85% of acral melanomas
 • Nail unit 15%

 • Feet 90% of cases
 • Soles 68% to 71%
 • Toes 11%
 • Nail units 16% to 20%
 • Palms 4% to 10%
 • Fingers 2%

 • 0.3 to 12 cm
 • Often 0.7 cm or larger
 • <0.7 cm with irregular borders, color, or “parallel ridge” pattern on epiluminescence microscopy

 • Often jet-black macule early but also tan, brown, gray, blue, pink, white
 • Pigmented or amelanotic papule or nodule (advanced) with ulceration, bleeding, eschar
 • Irregular borders, notching
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HistopatHologiC Features  
(FIGS. 13-13 TO 13-15)

 • Prominent acanthosis with elongated epidermal rete common
 • Thickened stratum corneum
 • Contiguous or near-contiguous lentiginous melanocytic proliferation in almost all lesions
 • Intraepidermal melanocytes appear to lie in lacunae (clear spaces)
 • Variable cytologic atypia with minimal atypia in early lesions
 • Pagetoid spread (particularly in more advanced lesions)
 • Intraepidermal nesting (particularly in more advanced lesions)
 • Proliferation of melanocytes downward along eccrine ducts (even into deep dermis and subcutis)
 • Pronounced pagetoid spread, large intraepidermal nests, significant numbers of melanocytes in stratum corneum in 
advanced lesions

 • Polygonal to spindled melanocytes often with prominent dendrites
 • Nuclear enlargement, hyperchromatism, pleomorphism prominent
 • Invasive component:

 • Cohesive nests, sheets of cells, or loosely aggregated files of cells
 • Spindle cells common but also polygonal, small, and highly pleomorphic cells are noted
 • Nevoid and sarcomatoid variants occur

 • Desmoplasia, neurotropism, angiotropism common

Figure 13-13. Acral melanoma. 
The epidermis is hyperplastic and 
exhibits characteristic lentiginous 
proliferation of pleomorphic 
melanoma cells.

Figure 13-14. Acral melanoma. 
Higher magnification shows striking 
pleomorphism of melanoma cells.
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11. What is the differential diagnosis of acral (and mucosal) melanoma?
 • Melanotic macule
 • Lentigo
 • Atypical intraepidermal melanocytic proliferation, not otherwise specified
 • Acral melanocytic nevus with or without atypia (may overlap atypical [dysplastic] nevus)
 • Pigmented spindle cell tumor
 • Squamous cell carcinoma, spindle cell type
 • Atypical fibroxanthoma
 • Cellular neurothekeoma
 • Malignant peripheral nerve sheath tumor
 • Angiosarcoma
 • Kaposi’s sarcoma
 • Leiomyosarcoma

12. What are the clinical and histopathologic features of nodular melanomas?

CliniCal Features

 • Age 30 to 70 years (often 40 to 50, but any age)
 • Men = women
 • Any site especially trunk dorsal surfaces of hands
 • 0.4 to 5 cm
 • Often rapid evolution (e.g., 4 months to 2 years)
 • Papule or nodule, pigmented or amelanotic (advanced)

 • Often protuberant, polypoid
 • Black, blue-black, pink

 • Ulceration, bleeding
 • Asymmetry but symmetry may be present
 • Often well-defined borders

HistopatHologiC Features  
(FIG. 13-16)

 • Dome-shaped polypoid or sessile tumor often
 • May be pedunculated
 • Asymmetry
 • Epidermis commonly thinned, effaced, ulcerated
 • Overlying intraepidermal component may or may not be present and usually does not extend peripherally beyond 
dermal invasive tumor

Figure 13-15. Acral melanoma. 
Hyperplastic epidermis exhibits 
irregular and confluent nesting of 
melanoma cells.
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 • Pagetoid spread, lentiginous melanocytic proliferation, intraepithelial nesting may be present
 • Cohesive aggregate or aggregates of tumor cells fill subjacent dermis, subcutis
 • Usually no maturation
 • Host response at base and/or tumor-infiltrating lymphocytes common
 • Epithelioid cells often compose the invasive component but spindle cells, small cuboidal cells are common and often 
heterogeneity is present

 • Partial regression relatively uncommon
 • Precursor nevus present ≈6% of cases

13. What is the differential diagnosis of nodular melanomas?
 • Metastatic melanoma
 • Spitz tumor
 • Pigmented spindle cell tumor
 • Atypical halo-like nevus
 • Cellular blue nevus with atypia
 • Squamous cell carcinoma
 • Adnexal carcinomas
 • Atypical fibroxanthoma
 • Fibrous histiocytoma
 • Adult xanthogranuloma
 • Lymphoma, particularly large cell anaplastic variants
 • Cellular neurothekeoma
 • Malignant peripheral nerve sheath tumor
 • Capillary hemangioma
 • Malignant glomus tumor or with atypia
 • Angiosarcoma
 • Kaposi’s sarcoma
 • Leiomyosarcoma

14. What are the most important unusual variants of melanoma?
 • Desmoplastic neurotropic melanoma
 • Angiotropic melanoma
 • Nevoid melanoma
 • Small cell melanoma
 • Spitzoid melanoma
 • Melanoma arising in compound or dermal nevi
 • Melanoma originating from or resembling a blue nevus (malignant blue nevus)

15. What are the clinical and histopathologic features of desmoplastic neurotropic 
melanoma?
These rare variants of melanoma exhibit a continuum of histologic features corresponding to the neuroectodermal origin 
of the melanocyte. The phenotype of the tumor may include any combination of the following: desmoplasia—fibroblast-
like spindle cells usually in fascicles (predominant pattern); neurotropism (perineurial invasion)—invasion of nerve 

Figure 13-16 “Nodular” melanoma. 
The tumor has an asymmetrical 
dome-shaped configuration.
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structures by tumor cells; neural differentiation (both schwannian and perineurial)—formation of   
nerve-like structures recapitulating perineurium and endoneurium or delicate sheets of spindle cells reminiscent 
of neurofibroma; and less commonly myofibrocytic or neuroendocrine differentiation, as in Merkel cell carcinoma. 
Desmoplastic melanoma most frequently arises in association with lentiginous melanomas; however, de novo variants of 
desmoplastic melanoma also occur.

CliniCal Features

 • Age 60 to 65 years
 • Men ≥ women
 • Sun-exposed skin, head and neck, but also acral, mucosal sites
 • Firm nodule
 • Flesh-colored or with pigmented lesion (29% to 43%)
 • 1 to 3 cm
 • Occasional dysesthesias, nerve palsies

HistopatHologiC Features

 • Intraepidermal melanocytic proliferation in ≈50% to 75%
 • Lentigo maligna melanoma in situ, most common
 • Fibrous nodule in dermis and possibly subcutis resembling scar
 • Often absence of pigment
 • Fascicles of atypical spindle cells
 • Atypia varies from minimal (most common) to anaplastic
 • Schwannian, perineurial differentiation
 • Neurotropism common (perineurial and endoneurial invasion)
 • Rare macronodular neurotropic variants occur
 • Patchy lymphoid infiltrates common
 • Variable myxoid stroma
 • Occasional mitoses in dermis (often mitotic rate of 1 to 2 per square millimeter)
 • Spindle cells usually vimentin+, S100+, p75 neurotrophin receptor+, HMB45−, Melan A−,  
tyrosinase−, MITF−

16. What is the differential diagnosis of desmoplastic neurotropic  
melanoma?
 • Sclerosing blue nevi, including variants with hypercellularity
 • Desmoplastic (sclerosing) Spitz tumor
 • Neurothekeoma, particularly cellular variants
 • Malignant peripheral nerve sheath tumors
 • Myxoma
 • Dermatofibroma
 • Dermatofibrosarcoma protuberans
 • Atypical fibroxanthoma
 • Malignant fibrous histiocytoma
 • Scar
 • Fibromatosis
 • Spindle cell squamous cell carcinoma
 • Leiomyosarcoma

17. What are the clinical and histopathologic features of angiotropic  
melanoma?
The importance of angiotropism as a biologic phenomenon and prognostic factor in localized melanoma and as the likely 
correlate of extravascular migratory metastasis has recently been emphasized. Angiotropism is observed much more 
frequently than vascular invasion. In a series of 650 consecutive invasive melanomas, the frequency of vascular-to-
lymphatic invasion was 1.4%.

CliniCal Features

 • Age 30 to 70 years (often 40 to 50, but any age)
 • Men = women
 • Any site
 • 0.4 to 5 cm



94 Malignant MelanoMa

HistopatHologiC Features

 • Any type of melanoma
 • Melanoma cells cuff microvessels in pericytic location
 • Often at least level IV
 • Increased frequency of neurotropism

18. What are the clinical and histopathologic features of nevoid melanoma?
In very broad terms, the term nevoid melanoma could connote any form of melanoma having some resemblance 
to or mimicking any type of melanocytic nevus. The term is used rather restrictively in this chapter (and by 
most other authors) to describe melanomas that closely resemble ordinary compound or dermal nevi; the latter 
lesions generally fall into four groups: (1) those with a raised, dome-shaped or polypoid (nodular nonverrucous) 
configuration and resemble a predominately dermal nevus, (2) those with a distinctly papillomatous or verrucous 
surface, (3) those resembling a lentiginous melanocytic nevus arising in sun-exposed skin of older individuals, 
and (4) those with a predominately or exclusively intraepidermal nested appearance mimicking a junctional or 
compound nevus.

The concept that melanomas may closely resemble melanocytic nevi probably dates back at least to the 
introduction of the term minimal deviation melanoma. Schmoeckel and colleagues first coined the term “nevoid” 
melanoma in their description of 33 melanomas with histologic features suggesting a melanocytic nevus. They 
noted that 15 patients developed metastases and concluded that nevoid melanoma did not seem to have any 
better prognosis than conventional melanoma. Approximately 70 additional cases have subsequently been 
reported in the literature.

CliniCal Features

 • Women = men
 • All ages, commonly fifth decade
 • Occurs anywhere, but trunk and lower extremities most common
 • No distinctive features but may have verrucous appearance
 • Any size, often relatively small diameter but up to 2 cm or more

HistopatHologiC Features

 • Striking resemblance to banal compound or dermal nevus at scanning magnification
 • Symmetry common
 • Well-circumscribed lateral margins
 • Pagetoid spread not common
 • Often limited intraepidermal component
 • Relatively small nevus-like cells, monomorphous appearance
 • Some maturation may be present but often incomplete or absent
 • Single-cell infiltration at base
 • Cytologic atypia

 • Nuclear pleomorphism
 • Angulated nuclei
 • Hyperchromatism
 • Prominent nucleoli may be present

 • Mitoses in dermal component, particularly deep
 • Infiltration of adnexal structures
 • Little or no inflammation

19. What is the differential diagnosis of nevoid melanoma?
 • Papillomatous or cellular melanocytic nevi
 • Metastatic melanoma

20. What are the clinical and histopathologic features of small cell  
melanoma?
The term small cell melanoma has been introduced into the literature to describe a heterogenous assortment of 
melanomas from several settings perhaps related only by the common denominator of small melanoma cells.  
This term has been used to refer to (1) rare melanomas developing in children and adolescents on the scalp;  



95integuMent

(2) melanomas developing in congenital melanocytic nevi of children and adolescents; (3) melanomas developing in 
any setting, but particularly in adults, that resemble small round cell malignancies such as Merkel cell carcinoma; 
(4) melanomas developing in sun-damaged of older individuals in a setting of solar melanocytic neoplasia or atypical 
lentiginous nevi; and (5) melanomas in adults that have the characteristics of nevoid melanoma, as described above. 
Because of a considerable overlap of small cell melanomas and nevoid melanomas in adults (see Question 18), the 
following section discusses only two entities:

1. Exceptionally rare melanomas that mimic high-grade small round cell malignancies
2. Small cell melanomas arising predominately in sun-damaged skin of elderly individuals

CliniCal Features

high-grAde smAll cell melAnOmA 
mimicking merkel cell cArcinOmA

 • Extremely rare
 • Adults (any age)
 • Any site
 • Often 0.4 to 2 cm
 • Often amelanotic papule or nodule

smAll cell melAnOmA Arising  
in predOminAtely sun-dAmAged skin

 • Age often >50 years (range 18 to 91 years)
 • Men > women (2:1)
 • Backs of men, legs of women
 • Usually >1 cm
 • Variegated color
 • Often tan, brown, black, gray

HistopatHologiC Features

high-grAde smAll cell melAnOmA 
mimicking merkel cell cArcinOmA

 • Melanin and intraepidermal involvement may or may not be present
 • Often cohesive nests, cords, sheets of small round cells
 • Cells with scant cytoplasm
 • Round to oval nuclei
 • Prominent mitotic rate and necrosis

smAll cell melAnOmA Arising  
in predOminAtely sun-dAmAged skin

 • Intraepidermal component often extensive, lentiginous, and nested
 • Usually some pagetoid spread
 • Elongated epidermal rete ridges common
 • Effacement and thinning of epidermis also common
 • Small cuboidal melanocytes with scant cytoplasm
 • Melanocytes larger that those in nevi
 • Nuclear pleomorphism
 • Irregular nuclear contours
 • Dense chromatin
 • Prominent nucleoli
 • Dermal nests often large, nodular, cohesive, anastomosing
 • Often absence of maturation
 • Continued pigment synthesis with depth
 • Mitotic figures rare
 • Solar elastosis
 • Host response with fibroplasia, partial regression common
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21. What is the differential diagnosis of small cell melanoma?

high-grAde smAll cell melAnOmA 
mimicking merkel cell cArcinOmA

 • Metastatic melanoma
 • Primary and metastatic neuroendocrine carcinoma
 • Metastatic small cell carcinoma
 • Lymphoma
 • Other small round cell malignancies

smAll cell melAnOmA Arising  
in predOminAtely sun-dAmAged skin

 • Atypical lentiginous nevi of sun-exposed skin

22. What are the clinical and histopathologic features of spitzoid melanoma?
The term spitzoid melanoma, if used at all, should be reserved for a melanoma that truly has a striking morphologic 
resemblance to a Spitz tumor. The term probably best describes a rare group of tumors often developing in young 
individuals that are only diagnosed as melanoma in retrospect, that is, after the development of metastases 
and an aggressive course. Given the profound difficulty of distinguishing some Spitz or Spitz-like tumors from 
melanoma, we discourage the use of term spitzoid melanoma because it may result in the indiscriminate labeling 
of a heterogeneous group of lesions that include benign Spitz tumors, lesions that are biologically indeterminant, 
conventional melanomas, and a rare controversial group of tumors previously termed metastasizing Spitz nevus/
tumor. The latter group of lesions includes some that have given rise to single lymph node metastases without 
subsequent recurrence of melanoma on long-term follow-up.

We recommend such melanocytic proliferations be categorized, if at all possible, into one of the following groups: 
(1) Spitz tumor, (2) Spitz-like melanocytic tumor with atypical features (atypical Spitz tumor) and possibly indeterminate 
biologic potential (describing abnormal features present such as large size, deep involvement, ulceration, lack of 
maturation, mitotic rate, presence of deep mitoses), and (3) melanoma.

CliniCal Features

 • Women = men
 • Any age
 • Occurs anywhere
 • Any appearance
 • Any size, often relatively small diameter but up to 2 cm or more

HistopatHologiC Features

 • Plaque type, dome-shaped, or polypoid configuration
 • Epidermal hyperplasia common
 • Striking resemblance to Spitz tumor at scanning magnification
 • Asymmetry common
 • Size often >1 cm
 • Usually enlarged epithelioid to spindled melanocytes
 • Diminished or absent maturation
 • Mitotic rate >2 to 6 mm2

 • Cytologic atypia
 • Nuclear pleomorphism
 • Angulated nuclei
 • Hyperchromatism
 • Prominent nucleoli may be present

 • Mitoses deep

23. What is the differential diagnosis of spitzoid melanoma?
 • Atypical Spitz tumor
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24. What are the clinical and histopathologic features of melanoma arising in compound 
or dermal nevi?

CliniCal Features

 • Women = men
 • All ages, commonly 40 to 60 years
 • Occurs anywhere, but head and neck most common
 • Any size, often larger that ordinary nevi
 • Often history of recent change or enlargement

HistopatHologiC Features

 • Often eccentric and/or asymmetrical nodule in melanocytic nevus
 • Nodule shows confluence and hypercellularity
 • Often abrupt interface with surrounding nevus
 • Lack of maturation
 • Cytologic atypia

 • Nuclear pleomorphism
 • Angulated nuclei
 • Hyperchromatism
 • Prominent nucleoli may be present

 • Mitoses in dermal component >2 to 3/mm2

25. What is the differential diagnosis of melanoma arising in compound or dermal nevi?
 • Cellular nodules (typical or atypical) present in melanocytic nevi

26. What are the clinical and histopathologic features of melanoma originating in or 
resembling blue nevi (malignant blue nevus)?
Malignant blue nevus is an extremely rare form of melanoma originating from or associated with a preexisting blue 
nevus and characterized by a dense proliferation of variably pigmented spindle cells without involvement of the 
epidermis. Approximately 80 cases of malignant blue nevus have been reported.

CliniCal Features

 • Two thirds of patients are men
 • All ages (mean age ≈46 years)
 • Scalp most common site
 • Usually >1 to 2 cm
 • Blue-black multinodular appearance

HistopatHologiC Features

 • Often overtly malignant component juxtaposed to benign usually cellular blue nevus
 • Nodule shows confluence and hypercellularity
 • Often abrupt interface with surrounding nevus
 • Lack of maturation
 • Cytologic atypia

 • Nuclear pleomorphism
 • Angulated nuclei
 • Hyperchromatism
 • Prominent nucleoli may be present

 • Sarcoma-like presentation without distinct benign and malignant components
 • Hypercellular fascicles or nodules

 • Cellular blue nevus-like lesion with additional atypical features
 • Mitoses in dermal component >2 to 3/mm2

27. What is the differential diagnosis of melanoma originating in or resembling blue nevi 
(malignant blue nevus)?
 • Cellular blue nevus and atypical variants
 • Metastatic melanoma
 • Clear cell sarcoma
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28. What is regression in melanoma?
Spontaneous regression refers to the partial or total obliteration of melanoma, presumably by one or more of the 
following: cytokine-mediated, humoral, or cell-mediated host response. However, regression is poorly understood at 
present. Regression is seen most often in microinvasive or thin melanoma and is present as focal, partial, and rarely 
complete regression of the tumor. The changes of regression form a continuum but may be arbitrarily categorized into 
three stages:

1. Early (or active). Zone of papillary dermis and epidermis within a recognizable melanoma, characterized by dense 
infiltrates of lymphocytes disrupting/replacing nests of melanoma cells within the papillary dermis and possibly 
the epidermis, as compared with adjoining zones of tumor. Degenerating melanoma cells should be recognizable. 
No obvious fibrosis.

2. Intermediate. Zone of papillary dermis and epidermis within a recognizable melanoma, characterized by reduction 
(loss) in the amount of tumor (a disruption in the continuity of the tumor) or absence of tumor in papillary dermis 
and possibly within the epidermis, compared with adjacent zones of tumor, and replaced by varying admixtures 
of lymphoid cells and increased fibrous tissue (as compared with normal papillary dermis) in this zone. Variable 
telangiectasia (and new blood vessel formation) and melanophages may be present.

3. Late. Zone of papillary dermis and epidermis within a recognizable melanoma, characterized by marked reduction 
in the amount of tumor compared with adjacent areas of tumor, or absence of tumor in this zone, and replacement 
and expansion of the papillary dermis in this zone by extensive fibrosis (usually dense fibrous tissue, horizontally 
disposed) and variable telangiectasia (and new blood vessel formation), melanophages, sparse or no lymphoid 
infiltrates, and effacement of the epidermis (other than fibrosis, the latter features are frequently present but not 
essential for recognizing regression).

29. How does melanoma metastasize, and what are the most frequent sites of 
metastasis?
 • Melanoma metastasizes through lymphatic channels, vascular channels, and along the surfaces of vessels 
(angiotropism)

 • Lymph nodes are the most common sites of metastases
 • Cutaneous metastases are common and include local satellite, in transit (between primary lesion and regional lymph 
nodes), and epidermotropic metastases

Melanoma can spread hematogenously, through lymphatic channels, by migration along vascular channels 
(angiotropism), or by direct local invasion and thus may occur in any site of the body. Metastases are more frequent 
to lymph nodes, skin, and subcutaneous tissue (nonvisceral sites) than to visceral organs. Lymph nodes are the most 
common site of metastases, and 60% to 80% of patients with metastatic melanoma develop lymph node metastases. 
The lymph node groups most commonly involved are ilioinguinal, axillary, intraparotid, and cervical lymph nodes. The 
metastatic tumor may be clinically apparent (macroscopic metastasis) or detected only by histologic examination 
(microscopic metastasis).

Nearly half of patients with metastatic melanoma develop skin metastases, which may occur in the area of 
locoregional lymphatic drainage or at a remote location. Two subtypes of regional cutaneous metastases are arbitrarily 
distinguished by their distance from the primary melanoma.

Cutaneous satellites are discontinuous tumor cell aggregates that are located in the dermis and/or subcutis within 
5 cm of the primary tumor, whereas in-transit metastases  are located more than 5 cm away from the primary 
melanoma. The finding of the latter metastases has poor prognostic implications, as the majority of patients with such 
lesions develop disseminated metastatic disease. Although virtually any organ may be involved, the most common 
first sites of visceral metastases reported in clinical studies are lung (14% to 20%), liver (14% to 20%), brain (12% to 
20%), bone (11% to 17%), and intestine (1% to 7%); first metastases at other sites are very rare (<1%).

30. What are the principal diagnostic problems associated with metastatic melanoma?
 • May mimic a wide spectrum of neoplastic lesions
 • Amelanotic tumors
 • Primary versus metastatic melanoma
 • Nodal nevus deposits vs metastatic melanoma in lymph nodes
 • Metastatic melanoma with unknown primary
 • Melanosis in metastatic melanoma

Several situations may arise in which the diagnosis of metastatic melanoma is not straightforward. The problem may 
lie in the identification of a metastatic-appearing lesion as melanocytic or in the distinction between a primary  
and secondary melanoma.
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Melanoma simulating other neoplasms. Metastatic melanoma may assume a great variety of morphologic appearances 
and may mimic a number of nonmelanocytic tumors, such as lymphoma, undifferentiated carcinoma, adenocarcinoma, 
a variety of sarcomas, and many others. The differential diagnosis of amelanotic melanoma is particularly difficult. 
Often, additional studies are needed, such as melanin stains, immunohistochemistry using a panel of antibodies, and 
electron microscopy, to identify conclusively a metastatic tumor as melanocytic.

Primary cutaneous versus cutaneous metastatic melanoma (Table 13-1).

31. What are the principal histologic diagnostic criteria for melanoma?
 • Size usually >5 to 6 mm
 • Asymmetry
 • Poor circumscription
 • Pagetoid melanocytosis
 • Diminished or absent maturation
 • Confluence and high cellular density of melanocytes
 • Effacement of epidermis
 • Dermal mitoses
 • Cytologic atypia of melanocytes

The histologic diagnosis of melanoma remains subjective and usually depends on the recognition of a constellation 
of histologic features, with no single feature being diagnostic of melanoma. Because of the many exceptions to the 
conventional criteria for melanoma, one must always use as much information as possible and common sense at all 
times. However, a large percentage of melanomas are diagnosed correctly by a majority of knowledgeable observers. 
It is also true that a small percentage of melanocytic tumors are histologically challenging and will produce no 
consensus even among experts (see Question 32).

32. Can all melanocytic lesions be interpreted as benign or malignant?
Not all melanocytic lesions can be classified as benign or malignant. One must make use of all information available to 
interpret as precisely as possible a difficult melanocytic lesion and to place it into one of three categories: (1) benign, 
(2) biologically indeterminate, or (3) malignant, for the optimal communication to and management of the patient.  
A biologically indeterminate lesion is defined as one that has some potential (uncertain) risk for local recurrence and 
metastasis but cannot be interpreted as malignant using all criteria currently available.

DiagnostiC Categories

 • Benign lesion
 • Biologically indeterminate lesion
 • Malignant melanoma

33. What are the principal prognostic factors for melanoma?
Over the past 20 to 30 years there has been extensive investigation of prognostic factors in melanoma using large 
databases and multivariate techniques. In many such studies the most powerful predictors of survival have been 
thickness of the primary melanoma (measured in millimeters from the granular layer of the epidermis vertically to 
the greatest depth of tumor invasion) and stage or extent of disease, that is, localized tumor, nodal metastases, distant 
metastases.

PRIMARY MELANOMA CUTANEOUS METASTASIS

Location of tumor Usually both dermis and epidermis Dermis and/or subcutis

Epidermal involvement  
(if present)

Usually prominent; pagetoid horizontal 
and vertical spread commonly present; 
usually epidermal component extends 
laterally beyond dermal component

Usually dermal component extends 
laterally beyond epidermal 
 component; pagetoid spread less 
common

Size Nearly always >0.4 cm and usually 
>1.0 cm

Often small; may be <1.0 cm and 
occasionally <0.3 cm

Cytology Usually pleomorphic Usually monotonous

Reactive fibrosis May be marked Usually mild

Vascular invasion Rarely seen Angiotropism

Table 13-1. Primary Cutaneous versus Cutaneous Metastatic Melanoma
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Although a number of studies have described “breakpoints” for tumor thickness and prognosis (e.g., patients with 
melanomas <0.76 mm have almost 100% 5-year survival), good evidence now indicates that this inverse relationship 
between thickness and survival is essentially linear. Although thickness is the best prognostic factor available for 
localized melanoma, occasional melanomas defy this relationship, for example, thin melanomas that metastasize 
and thick ones that do not. A number of other factors also have been reported to influence outcome in patients with 
localized melanoma. However, many of these factors largely derive their effect from a correlation with melanoma 
thickness and generally fail to remain significant after multivariate analysis. Five-year survival for all melanoma 
patients currently approaches 90%.

Once regional lymph node metastases have developed, 5-year survival drops to the range from 10% to 50% and 
is largely related to the number and extent of lymph nodes involved. The median survival of patients with distant 
metastases is approximately 6 months. The factors influencing the time to death are number of metastatic sites, 
surgical resectability of the metastases, duration of remission, and location of metastases, that is, nonvisceral 
(skin, subcutaneous tissue, distant lymph nodes) versus visceral sites (lung, liver, brain, bone) (Table 13-2).

34. What should be included in the pathology report for melanoma?

essential inFormation

 • Diagnosis: Malignant melanoma, in situ or invasive
 • Measured depth (in millimeters)
 • Presence of histologic ulceration
 • Presence of microscopic satellites
 • Adequacy of surgical margins

otHer prognostiC inFormation 
reporteD to Be signiFiCant in 
some DataBases

 • Mitotic rate (per square millimeter)
 • Tumor-infiltrating lymphocytes
 • Anatomic level (i.e., I, II, III, IV, V )
 • Angiotropism
 • Vascular/lymphatic invasion
 • Desmoplasia-neurotropism
 • Degree of regression, particularly >50% of lesion
 • Radial or vertical growth phase
 • Histologic subtype

PROGNOSTIC FACTOR EFFECT ON PROGNOSIS

Tumor thickness (mm) Worse with increasing thickness

Level of invasion Worse with deeper levels

Ulceration Worse with ulceration

Mitotic rate Worse with increasing mitotic rate

Tumor-infiltrating lymphocytes (TILs) Better with TILs

Regression Unsettled; some studies have shown an adverse outcome whereas 
other studies have shown no effect or a favorable outcome

Microscopic satellites Worse prognosis

Angiotropism Worse prognosis

Vascular/lymphatic invasion Worse prognosis but rare

Tumor cell type Better prognosis with spindle cells versus other cell types

Age Worse prognosis with increasing age

Sex Women have better prognosis than men

Anatomic site Extremity lesions have better prognosis than axial lesions (trunk, 
head, neck, palms, soles)

Table 13-2. Prognostic Factors for Localized Melanoma
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35. What are current general recommendations for managing melanoma?
 • Optimal biopsy for examination of entire lesion if possible

 • Elliptical excision or incision for lesions suspicious for melanoma
 • Complete skin and physical examination; scanning of visceral organs if specifically indicated
 • Sentinel lymph node (SLN) biopsy may be considered for melanomas >1.0 mm thick
 • Surgical margins:

 • Melanomas up to 2 mm to 1 cm
 • Melanomas >2 mm to 2 cm

 • Follow-up examinations related to Breslow thickness, stage, etc:
 • Every 3 to 6 months for first 5 years
 • Every 6 to 12 months for the remaining 5 to 10 years

36. What are the current recommendations for biopsy of pigmented lesions suspicious 
for melanoma?
The optimal method of sampling any pigmented lesion suspicious for melanoma is complete elliptical excision with 
narrow surgical margins of ≈2 mm. Much has been written about the inappropriate use of shave and even punch 
biopsy techniques for suspected melanomas. Examination of the entire pigmented lesion allows for the greatest chance 
of accurate diagnosis and for the measurement of Breslow thickness and the assessment of other prognostic factors. 
However, particular circumstances such as an excessively large pigmented lesion or a cosmetically or anatomically 
difficult site may render complete excision unfeasible and thus necessitate partial biopsy, as with a punch or incisional 
technique.

37. What are the current recommendations for the examination and staging of patients 
with melanoma?
Patients with newly diagnosed melanoma require a complete cutaneous and physical examination with particular 
attention to lymphadenopathy, hepatomegaly, and baseline chest radiograph. If the latter examinations fail to detect 
any evidence of metastatic disease and the patient has no other symptoms or signs, no further laboratory evaluation 
is indicated. However, patients with melanoma exceeding 1 mm in thickness and with no other evidence of metastatic 
disease are candidates for SLN biopsy. Selected patients with melanomas measuring <1 mm thick may be considered 
for SLN biopsy if the primary melanoma is ulcerated, is Clark level IV, or shows extensive regression. Patients with 
palpable lymphadenopathy and other signs and symptoms require additional evaluation with various scanning 
techniques and possible lymph node biopsy.

SLN biopsy. The introduction of SLN biopsy has provided the means to examine regional lymph nodes for evidence 
of metastasis in lieu of a major surgical intervention. If one or more SLNs harbor bona fide deposits of metastatic 
melanoma (vs. nodal nevi or indeterminate deposits), completion lymphadenectomy then is performed. Although SLN 
biopsy is currently accepted as a staging procedure, only long-term clinical trials will determine if the procedure has 
any significant effect on survival of melanoma patients.

38. What are current recommendations for the surgical management of patients with 
melanoma?
Surgery remains the only effective therapy for melanoma if diagnosed and completely excised at a localized and early 
stage of development (<1 to 1.5 mm thick). There is currently no effective treatment for advanced melanoma, and only a 
small percentage of patients survive long term once (even limited) regional metastatic disease has been documented.

Surgical margins for melanoma. The practical and theoretical benefits accruing from excising melanoma with some 
cuff of normal tissue are (1) greater assurance that the primary melanoma has been removed with truly clear margins 
and (2) the potential removal of microscopic metastatic foci near the primary melanoma. Although much has been 
published on the subject of surgical margins for melanoma, no definitive data currently exist on this issue. However, it 
appears that surgical margins may have no real influence on survival of melanoma patients, and margins probably in 
excess of 3 cm (and possibly even 1 cm) may provide no benefit to patients. Problems clouding the issue of margins 
for melanoma are the lack of sufficient knowledge about the initial mechanisms of melanoma metastasis at the 
primary site, melanoma recurrence versus persistence of the primary melanoma and melanoma metastasis, and other 
considerations such as field effects. Once the mechanisms of melanoma metastasis are better understood, we will 
have the information needed to finally address the question of optimal margins.

Current (rather arbitrary) guidelines for surgical management of melanoma are complete excision of the primary lesion 
with margins of 0.5 cm for melanomas in situ, 1 cm for melanomas ≤2 mm thick, and 2 cm for melanomas ≥2 mm 
thick. Exceptions to these guidelines clearly exist, for example, wider margins of at least 3 cm probably are indicated 
for desmoplastic-neurotropic melanoma, and anatomic sites necessitate narrower margins.
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39. What are current recommendations for the follow-up of melanoma patients?
Follow-up of melanoma patients is related to stage of disease. Patients with documented distant or visceral 
metastases require the most vigilant surveillance, followed by individuals with regional lymph node or in transit or 
satellite metastases, and finally those with localized primary melanomas. The frequency of follow-up examinations is 
individualized but usually is at least every 3 months initially for regional and distant metastatic disease. Patients with 
localized primary melanomas >1 to 1.5 mm thick commonly undergo physical examination at 3-month intervals for 
the first 3 years (period of highest risk for development of metastases), every 6 months thereafter for 2 years, and 
once annually for an additional 5 years. Patients with low-risk melanomas (<1 mm) are generally followed at 6-month 
intervals for 3 years and annually thereafter.
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Basal Cell and squamous Cell 
CarCinoma 14

 1. Describe the importance of basal cell cancer in the United States.
Skin cancers are the most common of all cancers. Approximately 77% of all skin cancers are basal cell carcinomas (BCCs), 
20% are squamous cell carcinomas (SCCs), and 3% are melanomas. There are a few other rare skin cancers. The incidence 
of skin cancer has been increasing by approximately 4% to 8% per year over the past 40 years, and the incidence of BCC 
doubled between 1970 and 1986. Much of this is attributed to sun exposure habits and the aging population. Although 
BCCs rarely cause fatalities, they certainly are important in that they usually occur on the face, are locally invasive, and can 
potentially cause significant loss of function and scarring. They can be infiltrative, but they rarely metastasize.

 2. Are there histologic prognostic indicators in BCC?
No. Degree or variation in atypia is not useful in prognosis for BCC as it is in other cancers. Growth pattern of the lesion 
is the most important prognostic indicator. Typically, two growth patterns are seen: those that differentiate toward 
keratin and those that differentiate toward glandular skin elements. These are further subdivided into well-defined and 
infiltrative feature categories. Well-defined lesions tend to produce collagen and fibroblasts with surrounding reactive 
stroma. Infiltrative lesions form strands of cells that invade the surrounding stroma.

 3. What are treatment choices for superficial basal cell carcinoma?
Superficial basal cell carcinoma (sBCC) is generally a low-risk lesion but often occurs on the face, a high-risk location. 
Surgical choices for treatment include cryotherapy, curettage, electrodessication, and excision. Pharmaceutical 
treatments include tazarotene and imiquimod cream. The treatment choice should be made based on the lesion’s 
location, size, and potential to cause harm if it recurs or becomes invasive.

 4. Describe features of sBCC.
The sBCCs are frequently misdiagnosed due to their benign appearance. They appear as well-defined, erythematous 
patches. They are scaly and are found throughout the body, but not often on the face. The patient often describes a scaly 
patch of skin that has been present for years and has changed little since first being noticed. sBCC usually is solitary, 
and this is an important diagnostic feature. Close inspection reveals a pearly edge with beading when the skin is placed 
under tension, and a scaling in the center. The center of the lesion tends to mature with time and forms a scar-like 
appearance that is atrophic and less erythematous.

 5. Describe infiltrative BCC.
Approximately 5% of BCCs are micronodular, and these are typically infiltrative or invasive. The pattern of spread follows 
the path of least resistance. They can spread quickly along fascial planes and follow nerves to penetrate deeper tissues. 
If untreated, these lesions can gain momentum and invade firmer tissue such as cartilage and bone.

 6. Describe radiation exposure patterns, risk factors, and diagnostic features seen in 
patients with BCC.
Chronic sun damage is the most common thread in the history of the BCC patient. Diagnostic features include 
mottling, rhytidosis, telangiectasia, and solar elastosis. Risk factors include fair skin, decreased latitude, male sex, 
freckles, blue or green eyes, sunburn in childhood, occupational sun exposure, tanning bed use, and Fitzpatrick skin 
types I and II.

 7. Is there a direct correlation between amount of sun exposure in a particular area of 
skin and incidence of basal cell skin cancer?
Yes. Evidence shows a direct correlation between amount of sun exposure and incidence of basal cell cancer in 
specific locations on the skin. It is important to note, however, that basal cell cancer does not necessarily occur most 
commonly in the areas of highest exposure to sunlight, such as the hands.
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 8. What inherited conditions predispose to cutaneous malignancies?
Xeroderma pigmentosum is an autosomal recessive disorder with an acute sensitivity to sunlight secondary to a 

defective DNA repair mechanism and results in multiple epitheliomas with subsequent malignant degeneration.
Basal cell nevus syndrome, also known as Gorlin syndrome, is an autosomal dominant disorder with three characteris-

tic  findings: multiple basal cell nevi on the skin with malignant changes by puberty, jaw cysts, and pitting of the palms 
and soles. Other associated anomalies include pseudohypertelorism, frontal bossing, syndactyly, and spina bifida.

Albinism manifests as hypopigmentation of the skin, hair, and eyes and increases the risk of SCC and BCC.
Epidermodysplasia verruciformis consists of an autosomal recessive cell-mediated immunity disorder character-

ized by  several subtypes of human papillomavirus that induce numerous polymorphic verrucous lesions with a high 
 propensity for transformation into SCC.

Muir-Torre syndrome is a disorder of multiple internal malignancies, cutaneous sebaceous proliferation, keratoacan-
thomas, BCC, and SCC.

Porokeratosis is an autosomal dominant disorder of abnormal keratinization with malignant degeneration.
Bazex-Dupre-Christol syndrome is an X-linked disorder characterized by follicular atrophoderma, congenital 

hypotrichosis, basal cell nevi, and BCC.

 9. How is actinic keratosis treated?
Curettage and electrodessication form the foundation for treatment of most lesions. Liquid nitrogen is also an effective 
modality. More recently 5-fluorouracil (5-FU) in a 1% to 5% concentration (Efudex) has proved effective. Chemical peel 
and dermabrasion of the skin have been effective but have been replaced largely by 5-FU.

10. What is Bowen’s disease?
Bowen’s disease is seen in older patients in both sun-exposed and non–sun-exposed areas. It represents an 
intraepithelial SCC (carcinoma in situ) and may involve the skin or mucous membranes, including mouth, anus, and 
genitalia. Most of the lesions are solitary, and men are afflicted more often than women. Lesions have a long clinical 
course, generally years. Clinically the lesion appears as a solitary, rather sharply defined, erythematous, reddish, dull, 
scaly plaque. Pruritus, superficial crusting, and oozing may be noted. Microscopic examination reveals the stigmata of an 
intraepidermal SCC with hyperkeratosis, parakeratosis, dyskeratosis, and acanthosis within the epithelial layers. Within 
the epithelium there is disorder. Cells are keratinized within the prickle cell layer, and hyperchromatic bizarre nuclei and 
increased cell mitosis are observed. There is no dermal invasion, but a heavy inflammatory infiltrate is frequently noted 
in the papillary dermis with multinucleated giant cells. Surgical therapy includes either excision or a combination of 
curettage and electrodessication. The prognosis is excellent with appropriate treatment. However, the prognosis is poor if 
SCC develops; these lesions are much more aggressive than the SCCs that develop from actinic keratoses.

11. What is Bowen’s disease of mucous membranes?
Erythroplasia of Queyrat is often referred to as Bowen’s disease of the mucous membranes. It most often affects the 
glans penis and is seen during the fifth and sixth decades of life, primarily in uncircumcised men. Grossly, erythroplasia 
consists of solitary or multiple erythematous lesions that are well circumscribed, moist, glistening, and velvety. 
Microscopically, the lesion resembles Bowen’s disease. Erythroplasia is much more likely than Bowen’s disease to 
become invasive and has an increased tendency to metastatic disease.

12. Where is leukoplakia usually found? What is its appearance?
Leukoplakia, literally meaning white patch, is seen primarily on oral, vulvar, or vaginal mucosa. Leukoplakia in the mouth 
is seen mostly in older men with a history of smoking. Ill-fitting dentures and teeth in poor repair often are associated 
with this condition. Grossly, the lesions are elevated, sharply defined patchy areas of keratinization, generally lighter in 
color (white to gray) than the surrounding tissue and of variable thickness. Long-standing or chronic lesions may exhibit 
a verrucoid appearance. Microscopically, the classic quartet of hyperkeratosis, parakeratosis, keratosis, and acanthosis 
is seen. Within the epidermal layer, cellular atypia abounds, and an inflammatory infiltrate is seen within the dermis. Of 
the untreated lesions, 15% to 20% undergo malignant transformation. Evidence of ulceration or underlying induration 
increases the possibility of cancer. SCCs that develop from premalignant lesions on the mucous membranes are much 
more malignant than are those associated with actinic keratoses.

13. Where anatomically do most primary BCCs occur?
Approximately 93% occur in the head and neck region; the remaining 7% are found on the trunk and extremities. In the 
head and neck, BCC is distributed as follows: nose, 25.5%; cheek, 16%; periorbital, 14%; scalp and temple, 11%; ear 
and periauricular, 11%; forehead, 7.5%; neck, 7%; upper lip, 5%; chin, 2%; and lower lip, 1%.

14. List the different types of BCC.
1. Nodular ulcerative carcinoma. Lesions usually are single, occur mostly on the face, and begin as small translucent 

papules that remain firm and exhibit telangiectasia. They grow slowly and tend to ulcerate, which may result in 
tissue destruction. They are the most common of the BCCs.
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2. Superficial basal cell carcinoma. Lesions often occur in multiples, usually on the trunk. They are lightly pigmented, 
erythematous, scaly, and patch-like. They may resemble eczema or psoriasis.

3. Sclerosing basal cell carcinoma. Lesions are yellow-white, morpheaform epitheliomas with ill-defined borders 
and resemble small patches of scleroderma. They are most frequently associated with recurrent disease. Peripheral 
growth with central sclerosis and scarring is characteristic.

4. Pigmented basal cell carcinoma. Lesions combine the features of the nodular ulcerative type with a deep 
brownish-black pigmentation.

5. Trabecular (Merkel cell) carcinoma. This relatively new entity resembles BCC histologically and may occur 
as a single tumor in older people. The tumor may be epidermal, dermal, or even subcutaneous in origin, with a 
microscopic picture of irregularly anastomosing trabeculae and a rosette arrangement of deeply basophilic, uniform 
tumor cells. The name Merkel cell is derived from the fact that the tumor cells contain small granules identical to the 
neurosecretory granules of the epidermal Merkel cell. Tumors are aggressive and metastasize not only to local nodes 
but also to viscera and bone. Treatment for cure is difficult but consists of surgery and radiation therapy.

6. Adnexal carcinoma. These skin malignancies arise from sebaceous sweat glands. They are relatively uncommon 
and appear as solitary tumors in older patients. The tumors have no particular distinctive features, grow slowly, tend 
to recur locally after surgery, and metastasize regionally.

15. What are the microscopic and clinical distinctions among the types of BCC?
The microscopic characteristics of the different clinical types of BCC vary considerably. All cases show proliferation 
of similar cells, oval in shape with deeply staining nuclei and scant cytoplasm. The tumors are composed of irregular 
masses of basaloid cells in the dermis, with the outermost cells forming a palisading layer on the periphery. The 
surrounding stroma frequently exhibits a fibrous reaction. Microscopically, the nodular ulcerative type of basal cell 
tumor may show differentiation toward adnexal structures; there may be a solid, cystic, adenoid, or keratotic variety. 
The superficial BCC shows bands of basal cells in the dermis but maintains continuity with the overlying epidermis. 
This lesion contrasts with sclerosing BCC, which shows clusters and clumps of basal cells in the densely fibrotic stroma 
without continuity with the overlying epidermis (which, in fact, may be perfectly normal). A blue nevus generally can be 
differentiated from a deeply pigmented BCC by the character of the overlying epithelium (normal) and duration of the 
tumor without growth.

16. Which biopsy techniques allow a histologic diagnosis?
Curettage is done under local anesthesia by scraping the tumor with a dermal curette. Tumor cell groups are soft and 
often can be curetted. Normal underlying dermis or scar tissue is hard and almost impossible to curette. BCC that 
occurs in a scar or is morpheaform is too difficult to curette. The difference in ability to curette aids in differentiating 
normal tissue from some BCCs. Shave biopsy of the upper half of the dermis is an excellent way to reveal a recurrent 
tumor because a wide area can be sampled with minimal deformity. On rare occasions, a tumor is present so deeply 
that a shave biopsy does not reveal its presence. Rare BCCs present as a subcutaneous recurrence that would be 
missed by a shave biopsy. In such cases, however, there is a deep-seated nodule, and recurrence is easily recognized 
by tightly pulling normal or scarred overlying skin. Punch biopsy, 3 or 4 mm in diameter, visualizes only a small area of 
the suspicious tissue but usually provides a specimen of sufficient size for diagnostic histologic evaluation.

Excisional biopsy is the treatment of choice in dealing with a primary BCC or a pigmented lesion. However, in the context 
of large tumors (as recurrences often are) and when the location of the actual borders of the tumor are unknown, 
excisional biopsy is impractical. Deep-wedge biopsy often gives valuable information about the depth below the dermis 
and extent of infiltration of a recurrent BCC.

17. How is BCC treated?
Most BCCs are treated by curettage and desiccation or by simple excision as a fusiform ellipse and primary closure. 
Curettage and desiccation are best suited for lesions less than 1 cm in diameter and lesions that are nodular, ulcerative, 
and exophytic. The technique is not suited for morpheaform BCCs or recurrent disease. When a functional or anatomic 
deformity may result or when cartilage or bone is involved, other modalities are more effective. Surgical excision 
provides an immediate pathologic inventory and an index of the adequacy of excision. The lesion can be removed as a 
fusiform ellipse positioned along the lines of least skin tension with a small perimeter (0.2 to 0.5 cm) of normal tissue. If 
margins are clear, the defect is undermined and the line of closure is delineated. Excessive tissue (dog ear) is excised, 
and closure is carried out with the surgeon’s preferred technique. Cryotherapy is used for small nodular or ulcerated 
lesions located over bone or cartilage, on the eyelid, or on the tip of the nose. Liquid nitrogen applied with a cotton-
tipped applicator or a spray that freezes the tumor and a 5-mm area of normal tissue for approximately 30 seconds has 
proved effective.

Immediate edema, exudation, subsequent necrosis, eschar formation, and healing are seen. In recent years, cryotherapy 
has been increasingly used in the management of skin tumors, but it is associated with local tissue destruction and 
requires an incisional biopsy for tissue diagnosis before treatment. Radiation therapy with low-penetration X-irradiation 
to a tumor site in doses of 5000 rads may be useful, particularly around orifices (eyelids, nares, and mouth) or at sites 
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where a scar due to surgical excision may be a difficult problem, as in the deltoid or sternal region. Scars from surgery 
generally improve with time, whereas scars from radiation therapy worsen. The late changes associated with any type 
of radiation treatment detract from its use in young and middle-aged patients; however, it can be effective for treating a 
large tumor in an older person in whom extensive resection is unacceptable or the goal is palliation.

Mohs fresh frozen section technique uses serial tangential excisions and is particularly useful for treatment of sclerosing 
BCC, especially in dealing with a recurrent lesion, and for large primary tumors with poorly delineated borders or 
perineural invasion.

18. What are high-risk anatomic areas for BCC recurrence?
High-risk areas for tumor recurrence include the center of the face (periorbital region, eyelids, nasolabial fold,  nose–
cheek angle), postauricular region, pinna, and forehead. Recurring lesions are most common in young women.

19. What are the clinical signs of recurrence?
1. Scarring with intermittent or nonhealing ulceration
2. Scar that becomes red, scaled, or crusted
3. Enlarging scar with increased telangiectasia in the adjacent area
4. Development of papule or nodule formation within the scar itself
5. Frank tissue destruction

When recurrence of a previously excised BCC is suspected, a biopsy is performed. The clinical types of BCC most likely 
to recur after excision are infiltrative nodular BCC with a poorly defined border and sclerosing, morpheaform BCC. The 
outer borders of such tumors often cannot be accurately defined by clinical examination. Mohs micrographic surgery is 
the mainstay of treatment.

20. SCC arises from which cells?
SCC originates from the keratinizing or malpighian (spindle) cell layer of the epithelium. It is seen primarily in older 
patients, mostly men. As with BCC, the prime etiologic factor is solar radiation. In addition to radiation, however, 
chemicals, chronic ulcers (including osteomyelitis), cytotoxic drugs, immunosuppressant drugs, chronic lesions, discoid 
lupus erythematosus, and hydradenitis suppurativa play a significant role in the development of a relatively small 
number of SCC skin cancers. Initially the lesion appears smooth, verrucous, papillomatous, or ulcerative and later 
exhibits induration, inflammation, and ulceration.

21. Describe the two general types of SCC.
The first is a slow-growing variety that is verrucous and exophytic. Although this type may be deeply locally invasive, 
it is less likely to metastasize. The second general type is more nodular and indurated, with rapid growth and early 
ulceration combined with local invasiveness and increased metastatic tendency.

22. Where are SCCs anatomically distributed?
Compared with BCC, SCC has a slightly increased incidence on the trunk and extremities. The lesions are distributed as 
follows: cheeks, 45%; nose, 13%; ear and periauricular areas, 12%; hand, 11%; neck, 10%; anus, 5%; trunk, 2%; and 
scalp and legs, 1% each.

23. What is the mainstay of treatment for SCC?
Treatment depends on the age of the patient and the size of the lesion. Surgical excision and Mohs micrographic 
surgery are the mainstays of treatment. Older patients are treated conservatively. The location of the lesion is a factor in 
choosing the technique. Wound appearance may not matter so much to an older patient.

24. Name factors associated with SCC recurrence.
Degree of cellular differentiation is a significant prognostic indicator, ranging from 7% recurrence for well-
differentiated tumors to 28% recurrence for poorly differentiated lesions. Depth of tumor invasion also raises the 
incidence of recurrence. Perineural invasion usually indicates increased tumor involvement and greater probability 
of recurrence. The tendency for recurrence of SCC treated by any technique is approximately twice that for the best 
results of treating BCC.

25. What is the best way to treat recurrent lesions?
A recurrent lesion probably is best treated by excision and skin grafting. Microscopically controlled excision 
(modified Mohs technique) is a good way to handle difficult and recurrent lesions, specifically in medial canthal and 
alar areas. Radiation therapy can be used effectively in patients older than 55 years, particularly around the eyelids, 
nose, and lip.
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26. Describe the metastatic potential of SCC.
Approximately 5% to 10% of lesions metastasize. SCCs resulting from Marjolin’s ulcer or xeroderma pigmentosum have 
a much greater tendency to metastasize than do SCCs resulting from sun-induced skin changes. In addition, SCCs of the 
ears, nostrils, scalp, and extremities are particularly prone to metastasis.

27. What is the significance of perineural and mucoperiosteal invasion?
Perineural, lymphatic, or mucoperiosteal invasion usually indicates advanced disease and worsens the prognosis for 
local cure and, in cases of SCC, metastasis. The probability of cure when SCC has spread to the mucoperiosteum of the 
piriform aperture is remote. When such invasion is found, surgical treatment must be aggressive, with wide extirpation 
the only hope for cure.

28. When should a patient treated for BCC or SCC be clinically reexamined?
The patient should be clinically examined every 6 months for 5 years because approximately 36% of patients who 
develop BCC develop a second primary BCC within the next 5 years. Diagnosis and treatment of recurring BCC in its 
early stages result in less morbidity. SCCs have definite metastatic potential, and patients should be reexamined 
every 3 months for the first several years and followed indefinitely at 6-month intervals.

29. What is an effective technique for periodic self-examination to catch lesions at an 
early stage?
To perform self-examination, the patient needs a full-length mirror, a hand mirror, and a brightly lit room. The following 
technique is appropriate:

 • Examine the body, front and back, in the mirror, then the right and left sides with arms raised.
 • Bend the elbows and look carefully at forearms, back of upper arms, and palms.
 • Look at the back of the legs and feet, spaces between the toes and soles.
 • Examine the back, neck, and scalp with a hand mirror.
 • Check the back and buttocks with a hand mirror.
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PrinciPles of Mohs surgery

 1. What is Mohs surgery?
Mohs surgery is a technique used for treatment of difficult skin cancers. The procedure combines the conservative 
excision of tissue with microscopic examination of the excised tissue and includes innovations in excisional technique, 
orientation and color coding of specimens, and preparation of tissue as horizontal sections.

 2. Who was Frederick Mohs?
Frederick Mohs was a physician at the University of Wisconsin in Madison who developed a staged procedure in 
1936 for the treatment of difficult, large, high-risk, recurrent skin cancers. At that time, the procedure was named 
chemosurgery because he applied zinc chloride paste to the cancerous skin to fix the tissue prior to excision. The 
following day the tissue was excised and examined under the microscope. The process was repeated daily until tumor 
margins were clear. This procedure was revised in the 1970s by using fresh frozen tissue for microscopic evaluation 
instead of in vivo fixed tissue, a change that shortened the time between the stages to less than 1 hour and made the 
procedure much more efficient as well as less toxic to in vivo tissues. Since then, constant revisions in technique and 
applications have established the technique as an effective way to manage many difficult skin cancers.

 3. Are there other names for Mohs surgery?
Yes, other names are sometimes used in the literature, including fresh tissue Mohs surgery, histographic surgery, Mohs 
micrographic surgery, and Mohs margin controlled surgery. These names reflect the change from the use of the in vivo 
fixative to the excision of fresh tissue as well as Dr. Mohs’ innovations concerning orientation and mapping.

 4. What are the basic requirements for Mohs surgery?
1. The tumor must be readily identifiable in stained frozen sections. Its growth pattern should be that of contiguous 

spread.
2. Because the procedure is performed in an ambulatory setting and patients remain awake during the waiting time for 

specimen preparation, patients must be cooperative and the environment should be calm and pleasant.
3. The personnel required include a histotechnician who is trained to make horizontal sections and process the 

specimens accurately. Nursing personnel prepare the patient for surgery, assist with the procedure, and assess the 
continuing medical condition of the patient. The physician must be able to take appropriate specimens and read 
pathology slides in horizontal sections.

 5. How does Mohs surgery differ from excision with frozen section margin control?
Mohs surgery differs in three ways. First, the specimen is excised as one intact disc with beveled edges. This method of 
excision is called saucerization because of the saucer-like shape of the specimen. A saucer-shaped specimen facilitates 
orientation and preparation for microscopic evaluation. Excision of multiple pieces distorts orientation, and excision with 
perpendicular edges does not allow preparation for complete margin evaluation. Second, the processing of specimens 
is different from that performed by the pathology department. Horizontal sections across the sides and base of the 
specimen are prepared such that the entire margin from the epidermis to the deepest portion of the specimen can be 
viewed in one or two slides for specimens up to 2 cm in diameter. Third, the surgeon also reads the slides, allowing him 
or her to orient any residual tumor to other structures in the skin, such as the plane of sebaceous glands or a prominent 
blood vessel.

 6. Describe the steps involved in a Mohs procedure.
The major steps in performing Mohs surgery are illustrated in Figure 15-1. After ensuring that the patient is medically 
stable and understands the procedure and gives consent, the Mohs procedure begins with identification of the tumor (see 
Fig. 15-1A and B). The site is anesthetized. First, the tumor is curetted to grossly appearing normal skin (see Fig. 15-1C) 
and then a no. 15 blade is used to remove a disc of tissue around and underneath the curetted defect (see Fig. 15-1D). 
Before complete excision of the disc, while it is still in situ, a small nick or hash mark is made with a blade at one to four 
sites (usually 12:00 and 3:00, but also often 12:00 and 6:00 or 12:00, 3:00, 9:00, and 6:00) with the nicks extending 
from the disc into the intact skin, allowing orientation of the specimen (see Fig. 15-1E and F). Electrocautery is used for 
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hemostasis, and a bandage is placed. A map of the disc, including the nicks and any pertinent anatomic considerations 
of the site, is drawn. The disc of tissue is prepared for microscopic evaluation (see Fig. 15-1G). The specimen is cut into 
two pieces between the nicks and then inked. Both the cutting and the inking are documented on the map. The specimen 
is turned upside down onto a chuck and pressed into frozen section cutting medium so that the plane of sectioning 
is horizontal and includes the epidermal margin as well as the sides and deepest portion of the specimen. Once the 
specimen is adequately frozen in the cryostat, it is cut with a microtome into 12- to 20-micron thick sections that are 
placed on a labeled slide and stained. The Mohs surgeon reads the slides to identify the sites of residual tumor and marks 
the corresponding areas on the map.

The map is taken back to the patient who has been reanesthetized (see Fig. 15-1H). Tissue where residual tumor was 
identified is removed in one piece, and histologic processing is repeated until all margins are clear (see Fig. 15-1I). Stages 
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Figure 15-1 A, Basal cell 
carcinoma on the nose. B, Tumor 
with subepidermal extensions.  
C, Defect after curettage. D, Stage 
I: saucerization. E, Tissue removed 
with a nick in the disc as well as 
in the defect edge. F, Defect with 
nick for orientation. G, Disc cut in 
half through the nick and inked, laid 
out horizontally, frozen, sectioned, 
placed on a slide, and stained.  
H, Map showing residual tumor 
next to the patient with the margin 
marked. I, Stage II: excision and 
margin control. J, Final defect. 
(Courtesy of Beatrice Berkes, MD.)
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are counted as excision of a specimen through microscopic evaluation and require 30 to 90 minutes each depending on 
how thin or thick or fatty the tissue specimen is. When the margins are judged to be completely free of tumor, the final 
defect can be evaluated (see Fig. 15-1J) and a decision about closure can be made depending on the site, size, and depth 
of the defect.

 7. Why is curettage of the tumor used in Mohs surgery?
Curettage debulks the tumor, which usually is more friable than normal epidermis. It thus assists in defining the tumor 
margins better than visual inspection alone. In addition, curettage allows for the specimen to be excised in a saucer-
like shape, which is essential to be able to process horizontal frozen sections that contain the entire margin. To perform 
curettage, a dull curette is scraped over the tumor in different directions with moderate pressure, producing fragments 
of tissue that can be wiped away to reveal a clean solid wound base.

 8. In obtaining a Mohs section, at what angle must the scalpel be applied in relation to 
the skin tissue to facilitate histologic processing?
The lateral edge of the excision must have an angle of 45° to facilitate histologic processing. This technique of beveling 
the scalpel during excision creates a saucer-shaped disc and allows for a complete horizontal section to be examined 
microscopically.

 9. When obtaining a Mohs section, what size margins around the tumors are taken?
In the first stage of Mohs surgery, a 1- to 2-mm rim of normal tissue is taken around and underneath the curetted 
defect. If any visible tumor was not curetted, the first excision also includes that tissue. In subsequent stages, the size of 
the specimen taken around histologically positive margins depends on tumor type and tumor volume and may vary from 
1 to 5 mm.

10. How is tissue orientation maintained in Mohs surgery?
Multiple methods are used. Before the disc of tissue is completely removed from the patient, the surgeon makes small 
nicks or hash marks with a blade along the circumference of the tumor. Generally, for tumors less than 1 cm in diameter, 
two nicks are made, often at 12:00 and 3:00. More nicks may be made for larger tumors. These nicks are made through 
the disc of tissue and into the surrounding in situ skin. A map of the specimen with the nicks detailed is drawn and 
sent to the frozen section laboratory with the specimen. Extra care usually is taken by always placing the specimen 
on the gauze in the same way (e.g., the fold is 12:00) or by placing a dot of blood at the upper left-hand corner of the 
gauze (11:00) holding the specimen. For very large tumors, the entire surgical site may be prepared by using a surgical 
marking pen to create a large grid on the patient. This grid is identified to the laboratory by a detailed map that may 
even be accompanied by a photographic image. Most importantly, the person processing the specimen in the laboratory 
marks the map according to the cutting and inking of the specimens. Therefore the physician, when reading the slides, 
can see the section, the ink, and the residual tumor and mark it accurately on the map. Standardized protocols, rigorous 
attention to detail, a frozen section laboratory located within the physical space of the Mohs surgery unit, and open 
communication among personnel facilitate accurate orientation.

11. Which stains are used to stain Mohs sections?
Hematoxylin and eosin usually are used to stain the tissue sections. Dr. Mohs used toluidine blue, which is a rapid stain 
adequate for identification of basal cell carcinoma and still is sometimes used today. Special stains such as keratin 
markers may be used to examine tissue when small nests of squamous cell carcinoma (e.g., perineural disease) may be 
present, but their use slows the process and thus may not be easy for the patient.

12. Why can the defects following Mohs surgery appear much larger than expected 
based on standard 4-mm margins for nonmelanoma tumors?
The histologic extension of the tumor often is much greater than what is seen clinically, especially for tumors that have 
sclerosing or infiltrative growth patterns. In addition, once the dermis has been incised, there is no connective tissue 
holding the wound together and the defect gapes open.

13. Which tumor types are treated by Mohs surgery?
The most common lesions treated by Mohs surgery are basal cell carcinoma and squamous cell carcinoma, the most 
frequent types of skin cancer. They are ideal for use of Mohs surgery because they are easily seen microscopically, tend 
to grow in a contiguous fashion, usually are found in anatomically important areas of the head and neck, and often have 
clinically ill-defined margins. Other less common skin cancers treated by Mohs surgery include dermatofibrosarcoma 
protuberans, atypical fibroxanthoma, Merkel cell carcinoma, extramammary Paget’s disease, eccrine carcinoma, 
sebaceous carcinoma, leiomyosarcoma, and microcystic adnexal carcinoma. On occasion, nonmalignant tumors 
that tend to regrow after standard excision and can become troublesome because of their size, site, or potential for 
malignant transformation are treated with Mohs surgery. Examples of these tumors include granular cell tumor and 
desmoplastic trichoepithelioma.
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14. What are indications for Mohs surgery?
Mohs surgery is indicated particularly for tumors that are (1) recurrent tumors, (2) primary tumors known to have high 
recurrence rates, and (3) primary lesions for which maximal preservation of tissue is necessary, such as the eyelid, 
nose, finger, genitalia, and areas around major nerves. Mohs surgical excision should also be considered when excision 
of the primary lesion will require a flap or graft for closure, because recurrence under the plane of reconstruction can 
be difficult to diagnose. In addition, for small clinically thin lesions of the scalp, ear, lip, and nose, Mohs surgical excision 
may allow healing by secondary intention if the tumor is determined histologically to be very superficial, thus saving the 
patient an extensive reconstructive procedure.

15. Which tumors have the highest recurrence rates?
Primary tumors known to have high recurrence rates include those tumors greater than 2 cm in diameter or tumors that 
have poorly demarcated margins on visual inspection. In addition, nonmelanoma skin cancers with particular histologic 
subtypes, including sclerosing and micronodular basal cell carcinomas and moderately to poorly differentiated squamous 
cell carcinoma, are known to have high recurrence rates after standard excision. Some sites are problematic, such 
as the ear or the nasofacial sulcus, where wide or deep penetration along fusion planes is common. Tumors already 
recurrent also have a higher recurrence rate following standard destruction or excision techniques.

16. What are associated tumor recurrence rates with Mohs surgery versus other 
treatment modalities for nonmelanoma skin cancer?
The recurrence rate for Mohs surgery of basal cell and squamous cell cancers is 1% to 2%. Standard excision for 
tumors less than 2 cm in diameter with a minimum 4- to 5-mm margin is associated with a 5% to 6% recurrence rate. 
Electrodessication and curettage is a destructive method for lesions on the trunk and extremities and has recurrence 
rates from 6% to 10%. This method has higher rates of recurrence if used on the face. Cryosurgery with liquid nitrogen 
has a recurrence rate of 2% to 6% in skilled hands. Superficial radiotherapy is not recommended for those younger than 
60 years and has a reported recurrence rate of 5% to 11%. For tumors already recurrent, the highest cure rates are 
achieved by Mohs surgery. For previously treated tumors, the 5-year recurrence rate with Mohs surgery is 5.6%, and the 
recurrence rates associated with non-Mohs modalities to treat recurrent tumors are 19.9%.

17. Why perform Mohs surgery for skin cancers with positive margins after excision?
Skin cancers with positive margins after excision on the face and neck generally recur if not fully excised. With recurrence, 
they behave more aggressively and may extend under scars and in deeper tissue planes than primary tumors. Because 
the original excision was meant to be curative, the presence of positive margins probably indicates significant subclinical 
or histologic spread. Mohs surgery is the easiest and most complete way to identify and remove the subclinical tumor 
so that it does not recur. Some tumors of the trunk and extremities do not recur even though the margins were reported 
to be positive by the pathologist. Because recurrence in these sites is unlikely to impinge on functionally or cosmetically 
important structures, repeat excision without rigorous margin control or observation could be used. However, the clinician 
must use judgment. If the patient cannot be followed closely for some reason, it would be best to offer the patient Mohs 
surgery, which is the treatment with the greatest ability to achieve clear margins. Certainly in the case of a nonmelanoma 
skin cancer with deep margins positive after excision, the standard next step is Mohs surgery. Mohs surgery can be 
performed almost immediately; however, if the wound is clinically inflamed, histologic inflammation may obscure the tumor. 
In this instance, Mohs surgery is delayed for 4 to 8 weeks, depending on the tumor type and its suspected aggressiveness.

18. Which tumors should not be treated by Mohs surgery?
Contraindications to Mohs surgery are relative. Although the Mohs procedure can be performed for any histologically 
identifiable tumor in the cutaneous or soft tissues, sometimes clear margins cannot be obtained. This situation occurs most 
frequently when the tumor has invaded bone or has extended in the retrobulbar space. It also may occur in tumors with 
perineural spread. Generally, however, even in these cases, Mohs surgery is helpful in identifying the exact location and method 
of spread of the residual tumor. For similar reasons, Mohs surgery may not be definitive for tumors with discontiguous growth 
patterns but may be useful in the overall surgical and adjuvant care of the patient in a multispecialty approach.

19. Can dermatofibrosarcoma protuberans be treated with Mohs surgery?
Dermatofibrosarcoma protuberans is a rare, slow-growing tumor that usually presents on the trunk or extremities. 
Microscopically, this tumor extends far beyond clinical margins, extending locally into the dermis, subcutaneous, 
and underlying muscle. Standard treatment had been wide excision often with 2- to 3-cm margins. Because of the 
subclinical spread of this tumor, standard excision was associated with tumor recurrence at 20% to 41% and distant 
metastasis. Mohs surgery now is the treatment of choice for this tumor because it is associated with a lower recurrence 
rate (1%) as well as conservation of normal adjacent tissue.

20. What is the role of Mohs surgery in treating Merkel cell carcinoma?
Merkel cell carcinoma is not a histologically contiguous tumor on presentation. It usually consists of a subepidermal 
tumor nodule with the leading edge composed of a trabecular infiltrating pattern and small nests of in transit 
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metastases in the adjacent subcutaneous tissues, sometimes located within small lymphatics. Mohs surgery can be 
helpful in identifying preliminary margins for tumors that impinge on important anatomic structures such as the eyelid 
but is not the definitive treatment of this tumor. The lowest recurrence rates and highest 5-year survival rates are 
achieved by using both surgical excision, by either Mohs surgery or standard excision with wide margins, and radiation 
therapy to the surgical site, surrounding tissue, and draining nodal basin.

21. Can melanoma be treated with Mohs surgery?
The role of treating melanoma by Mohs technique remains controversial. In standard Mohs technique, the frozen 
preparation of tissue can create freeze artifact, making it difficult to differentiate atypical melanocytes from 
keratinocytes. Permanent sections, which can be cut thinner, allow a much better definition of atypical melanocytes. 
In some experienced Mohs surgery units, however, Mohs surgery for melanoma has been performed on a regular basis, 
resulting in both preservation of normal tissue as well as a low recurrence rate. In many other Mohs units, lentigo 
maligna and melanomas are excised with a variation of the Mohs technique known as delayed Mohs surgery using 
formalin-fixed tissue instead of frozen sections.

22. Describe delayed Mohs surgery.
A section of tissue is taken, oriented, and mapped in the same fashion as for the traditional Mohs technique; however, 
the tissue specimen is then formalin fixed, paraffin embedded, and processed as a permanent section cut tangentially. 
It is frequently sent to the pathology department for processing; if so, the pathology department must understand how 
to set up the specimen so the relevant margins can be fully examined. Because this process is longer than the typical 
frozen section process, the patient is bandaged and sent home, returning after 24 to 48 hours. If the margins are 
involved with tumor, another specimen is taken and processed by the same procedure. When the margins are judged to 
be completely clear, a decision about reconstruction can be made.

23. What are the advantages of Mohs surgery over surgical excision?
Because of rigorous and complete histologic examination of all margins of the excision specimen, Mohs surgery can 
track deep and irregular or unpredictable tumor projections that are not appreciable to the naked eye. This margin 
control affords higher cure rates and preservation of normal tissue. Because the histologic examination is done on fresh 
tissue as frozen sections, definitive reconstruction can be done the same day. Reconstruction often is more successful 
and requires fewer revisions because the margins are known to be clear and yet are as small as possible.

In addition, it is often an advantage that the procedure is accomplished under local anesthesia and in an ambulatory 
setting. Patients may be fatigued at the end of the procedure but are not ill and have not required any systemic drugs. 
It is also efficient for the physician because patients can be staggered such that multiple procedures can be performed 
at the same time. Depending on staffing and space, one physician can perform as many as 8 to 12 procedures in a 
single day.

24. What are the disadvantages to Mohs surgery?
Although Mohs surgery allows the patient and physician to know the margins are clear in 1 day, the process can take 
many stages, so the length of the procedure can be troublesome to some patients.

25. What are alternative treatment options for skin tumors not treated by  
Mohs surgery?
There are many treatment alternatives to Mohs surgery. Many of these options are associated with lower cure 
rates and higher rates of recurrence and so are best reserved for small primary tumors or tumors on the trunk and 
extremities. These tumors may be treated with standard excision with or without frozen section margin control, 
radiation therapy, cryotherapy, electrodessication and curettage, or topical regimens of 5-fluorouracil or imiquimod. 
Some patients, especially the elderly, ask if treatment of skin cancer is necessary. Basal cell carcinomas continue 
to grow and will ulcerate and bleed. Squamous cell cancers will continue to grow and may metastasize and cause 
death. Generally, unless the patient has a terminal illness, it is preferable to definitively treat the skin cancer when it 
is first diagnosed.

26. What are the economic implications of Mohs surgery?
The total costs of Mohs surgery are comparable to the costs of traditional surgical excision in the office setting and often 
much lower than surgical excision in an operating room suite or radiation therapy. The costs of standard excision and 
Mohs surgery include the initial evaluation, skin biopsy, excision, repair, histologic preparation and tissue examination 
under the microscope, follow-up visits, and the costs of treating projected tumor recurrences. Excision is associated 
with higher recurrence rates (10% with excision) compared with Mohs surgery (1%), and the costs of treating these 
recurrent tumors should be accounted into the final cost. Also, with Mohs surgery, as narrow surgical margins are taken 
around the tumor, defects often are smaller than with adequate surgical excision. Therefore the smaller defects with 
Mohs surgery permit smaller and more cost-effective repairs.



113INTEGUMENT

27. How does one learn Mohs surgery?
Mohs surgical training is optimally obtained in a dedicated 1- to 2-year fellowship after completing a dermatology 
residency in which the Mohs surgeon has learned clinical and histopathologic diagnosis of skin cancers. Accredited 
training centers must perform more than 500 cases per year, with a substantial portion of these cases being complex 
because of site, size, required reconstruction, or tumor type. In addition, these centers characteristically have 
academic affiliations and regular contact with other specialties, such as plastic surgery, otolaryngology, pathology, and 
radiation oncology. Training centers may be accredited by either the American College of Mohs Surgery (ACMS) or the 
Accreditation Council for Graduate Medical Education (ACGME).

28. Is there collaboration between Mohs surgeons and plastic surgeons?
Yes, definitely! Mohs surgeons and plastic surgeons form a natural beneficial alliance in the treatment of difficult skin 
cancers. Following clearance of tumor by Mohs surgery, the surgical defect can be repaired by the Mohs surgeon or 
by a plastic surgeon. A plastic surgeon performing the reconstruction can concentrate on the repair because he or she 
knows the defect is tumor-free. Additionally, in some instances, patients require removal of involved bone, nerve repair, 
or reconstruction by large complicated flaps necessitating general anesthesia, all of which can be best accomplished by 
a plastic surgeon. A team approach is the most effective means of taking care of large, difficult tumors.
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 1. An infant is born with a large vascular lesion. Is it more likely a vascular 
malformation or a vascular tumor?
There is no correct answer to this slippery question, unless you are given more information. A capillary malformation 
(CM) can be extensive on the trunk or a limb. Lymphatic malformation (LM) and venous malformation (VM) often are 
large at birth. Arteriovenous malformation (AVM) usually is not seen at birth, although it may manifest as a blush or 
telangiectasia and often goes undetected. The common infantile hemangioma is barely noticeable at birth and grows 
rapidly in the neonatal period, but the uncommon congenital hemangioma is large. Kaposiform hemangioendothelioma 
(KHE) also can be congenital and expansive. Other congenital masses that mimic a vascular tumor or malformation 
include teratoma and nonvascular tumors, such as infantile fibrosarcoma and infantile myofibroma.

 2. Can hemangioma present as a large tumor at birth?
Congenital hemangioma reaches peak of growth at birth, and the lack of postnatal growth is an important characteristic. 
The two forms are rapidly involuting congenital hemangioma (RICH) and noninvoluting congenital hemangioma 
(NICH). Both present as a raised spherical to ovoid tumor, dark red to purple in color, with central telangiectasias, 
and often a pale rim. Both forms exhibit rapid flow. RICH can cause neonatal congestive heart failure and sometimes 
thrombocytopenia. Involution of RICH begins at or soon after birth and usually is complete by approximately 16 months. 
In contrast, NICH grows in proportion to the child, and fast-flow persists. This tumor is often mistaken for an AVM. 
Discussion is ongoing as to whether these really are hemangiomas because neither tumor stains for GLUT1, a marker of 
infantile hemangioma. Congenital hemangioma can occur in a child who also has an infantile hemangioma.

 3. Which is more accurate for radiologic diagnosis of a vascular anomaly—
ultrasonography or magnetic resonance imaging?
Ultrasonography (US) is highly operator dependent. The sonologist not only must be skilled in using the equipment but 
also must understand the cellular basis and flow characteristics, as well as the clinical features, of a wide variety of 
vascular anomalies. Magnetic resonance imaging (MRI) is the “gold standard” for study of vascular anomalies. Obtaining 
the indicated MRI sequences and their interpretation requires a radiologist with specialized knowledge in this field. In 
general, every MRI study should include contrast enhancement (gadolinium); gradient sequences are needed to visualize 
fast-flow vessels, and fat-suppression sequences may be useful. There are numerous opportunities for confusion. 
For example, infantile hemangioma, congenital hemangioma, and AVM all are fast-flow lesions. LM can be difficult to 
differentiate from VM. Intralesional bleeding in an LM muddles the interpretation of images as that of a pure LM or a 
lymphaticovenous malformation (LVM).

 4. When is biopsy necessary to differentiate a vascular tumor from a vascular 
malformation?
More than 90% of vascular anomalies can be diagnosed accurately by history and physical examination. Radiologic 
study (US or MRI) is often indicated to confirm the diagnosis and to determine the extent of the lesion. If there is any 
equivocation about the diagnosis, biopsy is mandatory. Unfortunately, many pathologists continue to use the word 
“hemangioma” in a generic sense, applying it to vascular malformations, for example, “cavernous hemangioma,” 
“venous hemangioma,” “capillary hemangioma,” and “lymphangioma.” Even a pathologist familiar with the biologic 
nomenclature for vascular anomalies can have difficulty giving a name to some rare vascular tumors or recognizing a 
reactive proliferative process within the channels of a vascular malformation (Table 16-1).

 5. What is Kasabach-Merritt phenomenon?
This is a serious thrombocytopenia (typically <5000 platelets/mm3) that occurs in association with a locally aggressive 
vascular tumor (KHE) and sometimes with a less aggressive tumor (tufted angioma). KHE is treated initially with a trial of 
corticosteroid (only 12% effective); thereafter the options are vincristine or interferon alfa.

If a hematologist is involved, insist that heparin or platelets not be given because these can stimulate growth of the 
tumor. Unfortunately, in the medical literature, the double eponym Kasabach-Merritt is often misapplied to a localized or 
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disseminated intravascular coagulopathy that can occur in association with a venous malformation and other disorders. 
The treatment of these coagulopathies is quite different (see Question 24).

 6. Can infantile hemangioma be associated with a malformation?
Yes, there are rare and curious examples, and in these instances the female preponderance is striking. The acronym 
PHACES denotes such an association in the facial region: Posterior fossal malformation; Hemangioma, often regional; 
Arterial anomalies, agenesis, dilation, and stenosis of intracranial and extracranial vessels; Cardiac anomalies, most 
commonly coarctation; Eye anomalies; and Sternal cleft and supraumbilical raphe. Midline lumbosacral hemangioma 
may signal an underlying occult spinal dysraphism. Diagnosis can be ruled out by US in the first 4 to 6 months of life; 
thereafter MRI is necessary. Extensive “reticular” hemangioma in the lower limb is also associated with urogenital and 
anorectal anomalies.

 7. Can infantile hemangioma cause skeletal overgrowth?
A large hemangioma of the cheek can be associated with minor hypertrophy of the maxilla and zygoma. Parotid 
hemangioma frequently causes enlargement of the involved ear. There are very rare examples of “reticular” 
hemangioma of the lower limb associated with minor axial overgrowth. Slow-flow vascular malformations are much 
more commonly associated with bony elongation, distortion, and deformation. Bony erosion and osteolysis are typical 
findings with intraosseous LM and with AVM.

 8. Which regresses more slowly, “cavernous” hemangioma or “capillary” hemangioma?
This is a deceptive question, because there is no such lesion as “cavernous” hemangioma. The term hemangioma 
usually refers to the common tumor of infancy. There is no difference in rate of regression for a deep (subcutaneous) 
infantile hemangioma (formerly called “cavernous”) versus that for a superficial infantile hemangioma (formerly 
called “capillary”). Thankfully, the nineteenth-century term “cavernous” hemangioma is slowly disappearing from the 
literature; more precisely, it refers to VM, whether in skin, hollow or solid viscera (particularly liver), bone, or brain.

 9. Are phleboliths seen on plain radiography of infantile hemangioma?
No. Phleboliths (calcified thrombi) are characteristic of VM or LVM. There are rare examples, however, of dystrophic 
calcification in congenital hemangioma (particularly in the liver) of the rapidly regressing type.

 10. You are asked to consult on a baby who has multiple cutaneous vascular lesions. 
What is your advice?
The infant likely has multiple hemangiomas (“hemangiomatosis”). You should be concerned about the possibility 
of involvement of the liver, brain, and gastrointestinal tract, in order of frequency. For a patient with more than 
five cutaneous hemangiomas, order a hepatic US. Intrahepatic tumors can cause cardiac overload, a complication 
with a high mortality. Also check the hematocrit and stool for occult blood, the result of bleeding hemangiomas 
in the gastrointestinal tract. Usually the tiny cutaneous lesions involute more quickly than more typically shaped 
hemangiomas. The visceral lesions often necessitate pharmacologic therapy because of complications; however, they 
regress as well.

 11. An ultrasonographer asks for your advice regarding a vascular lesion on the scalp 
that has been discovered in a 30-week fetus. What is your opinion?
The most likely diagnosis is fetal hemangioma of the rapidly involuting type (RICH). Other possibilities include infantile 
fibrosarcoma and KHE. Suggest that the sonologist reexamine the fetus for signs of cardiac overload and repeat US 
every few weeks. RICH reaches its apogee in growth near term and might even diminish in size and vascularity. If the 
tumor is large and depending on its location, caesarian section may be indicated.

TUMORS MALFORMATIONS

Infantile hemangioma
Hemangioendothelioma
Angiosarcoma

Slow-flow 
Capillary (CM)
Lymphatic (LM)
Venous (VM)

Fast-flow
Arterial (AM): Aneurysm, 

 coarctation, ectasia, stenosis
Arteriovenous fistula (AVF)
Arteriovenous (AVM)

Table 16-1. Biologic Classification of Vascular 
Anomalies of Infancy and Childhood
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 12. A 1-month-old infant with a rapidly growing hemangioma of the upper eyelid is sent 
to your clinic. What are your recommendations?
It is well known that infantile hemangioma can distort the upper eyelid, causing obstruction of the visual axis and 
deprivational amblyopia. Less well appreciated is that even a small hemangioma in the upper eyelid can deform the 
infantile cornea and cause refractive disturbances, such as astigmatism and anisometropia, which also can result in 
amblyopia. In contrast, a large hemangioma in the lower eyelid or cheek rarely distorts the cornea, probably because of 
Bell’s phenomenon during sleep.

If a refractive error is present, prompt treatment is mandatory. The normal eye should be patched (even prophylactically) 
for a few hours per day to encourage use of the affected eye. Intralesional corticosteroid (triamcinolone 2 to 3 mg/kg) 
is used less frequently (because of the risk of blindness) and only for a well-localized, superficial tumor in the eyelid. 
Systemic corticosteroid is preferred for a deep or extensive periorbital hemangioma. If astigmatism is over 2 diopters, 
the risk for amblyopia is high. In an older infant, the response to corticosteroid is less dramatic, and time is critical. If the 
tumor is well localized, consider partial excision (“debulking”) or total resection.

 13. You are paged by a pediatric resident in the emergency room and asked to see 
an 8-month-old baby with a “hemangioma” that is bleeding profusely; the lesion 
had appeared 2 months earlier. What would be your response, and how would you 
manage the lesion?
Politely explain that infantile hemangiomas do not appear at 6 months of age. The child likely has a pyogenic granuloma. 
Notwithstanding the resident’s terminologic inaccuracy, see the child and arrange for treatment. Dermatologists usually 
curette pyogenic granuloma; however, the recurrence rate is 10%. Surgeons prefer excision of the lesion, and the 
recurrence rate is almost nil.

 14. At what age does regression of an infantile hemangioma cease?
The bright red color usually fades by 5 years; however, the tumor will continue to shrink. Regression is complete in 50% 
of children by age 5 years and in 70% by age 7 years. Some improvement is seen in the remaining children until age 10 
to 12 years.

 15. What is the role of pulsed-dye laser in the treatment of infantile hemangioma?
Although superficially appealing, there is little, if any, place for laser photocoagulation of hemangioma in the proliferating 
phase. Pulsed-dye laser (PDL) penetrates no more than 0.75 mm; thus, only the most superficial lesions can be 
destroyed by heat. PDL does not influence the proliferation of the deep portion of the tumor. There are reports that 
PDL helps heal ulceration and relieve pain, but these are not controlled studies. Aggressive PDL application can cause 
ulceration, depigmentation, and scarring.

 16. If a problematic facial hemangioma fails to respond after 2 weeks of oral 
corticosteroid, given at 2 to 3 mg/kg/day, should the dose be increased or should the 
drug be given intravenously?
Several studies have shown an 85% response rate to 2 to 3 mg/kg/day prednisolone, seen as either slowing of growth 
and shrinkage or stabilization. No rigorous evidence shows that an unresponsive hemangioma will respond to a higher 
dose or intravenous administration. If the lesion is a destructive, deforming, obstructing, or endangering hemangioma, 
consider another agent, such as vincristine or interferon alfa.

 17. What are the considerations for removal of a facial hemangioma before the child 
attends school?
The preschool period is a logical time to consider excision because the facial image forms at approximately 3 years. 
Furthermore, before this age the child will not remember the operation. The relative guidelines for excision at this time are as 
follows: (1) a pedunculated lesion will surely leave expanded skin and/or fibrofatty residuum or a lesion with central scarring 
secondary to ulceration; (2) the scar will be well hidden; or (3) the scar would be the same length and quality if the resection 
were postponed. Remember, hemangioma is a tissue expander; first consider circular excision and pursestring closure.

 18. Which of the following are the features of Sturge-Weber syndrome?: (A) Port-wine 
stain in V2 distribution; (B) choroidal “angiomatosis”; (C) leptomeningeal vascular 
anomalies; (D) skeletal and fibrovascular hypertrophy
The correct answers are C and D. CM (“port-wine stain”) involving only the V2 neurotome is very unlikely to be associated 
with Sturge-Weber syndrome. The at-risk distributions are V1; V1 and V2; or V1, V2, and V3. Funduscopic examination and 
tonometry are essential in the evaluation. Anomalies of the choroidal vasculature are mistakenly called “angiomas”; these 
are malformed choroidal vessels. Sturge-Weber syndrome patients are at high risk for glaucoma and retinal detachment. 
The dural vascular anomalies can cause seizures and mental deficiency. Fibrovascular thickening of the involved skin and 
skeletal overgrowth occur later.
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 19. Can a CM in the midaxial dorsal line be associated with an underlying structural 
anomaly?
Any midline capillary stain is a cutaneous red flag that requires investigation. For example, a stain of the scalp can 
have a central tuft of hair and surrounding alopecia (“hair collar sign”) indicating ectopic neural tissue and possible 
underlying encephalocoele. CM over the cervical or lumbosacral spine can be a clue to occult spinal dysraphism (see 
Question 7). Thoracic CM can be associated with a metameric spinal AVM (Cobb syndrome).

 20. How does flashlamp PDL cause lightening of a CM?
The mechanism is called selective photothermolysis. PDL at a wavelength of 595 nm is close to the third (577 nm) 
absorption spectral peak of oxyhemoglobin. Set pulse duration at 1.5 msec and fluence at 8–12 Joules/cm2. The 
absorbed light is released as heat, which damages red cells, perivascular wall, and collagen. Biopsies taken 1 to 2 
months later show diminished numbers of ectatic dermal vessels and, thus, a more normal cutaneous hue. With dark 
skin, PDL treatment can cause damage to melanocytes in the basal epidermis, resulting in hypopigmentation. The 
overall improvement with PDL is 70% lightening. Results are better in the lateral versus central facial region and are 
poor in the extremities. Often PDL treatments must be repeated as capillary–venular flow returns.

 21. Prenatal ultrasonography reveals a dorsal midline cervicocephalic cystic anomaly. 
What are the implications?
The so-called “lethal midline cystic lymphatic anomaly” is easily diagnosed by prenatal US as early as 12 to 14 weeks’ 
gestation. The typical finding is a thin-walled, multiseptated cystic mass in the posterior aspect of the fetal head and 
nuchal region. Often this anomaly is associated with fetal hydrops. Amniocentesis for karyotyping is essential for 
counseling the parents. More than half of these fetuses will have Turner syndrome (XO) or other aneuploidy, such as 
trisomy 13, 18, or 21. Terathanasia (spontaneous elimination of a defective embryo) is common. This serious anomaly 
should not be confused with macrocystic cervical LM.

 22. What is the management of an infant born with macrocystic cervical LM?
Often the diagnosis is made prenatally; the airway is the major concern. An EXIT (ex utero intrapartum) procedure may 
be necessary. If the airway is secure, the next decision is when and how to intervene. Resection has been the first-line 
approach. Macrocystic LM is easier to dissect than microcystic lesion; however, resection is never complete, and there 
is a risk of damaging important nerves in the neck. More recently, interventional radiologists have assumed a primary 
role in this anomaly. OK-432 (killed strain of group A Streptococcus pyogenes) is not approved by the Food and Drug 
Administration (FDA) (and probably never will be). Doxycycline is equally effective as a sclerosant. This antibiotic is 
known to be antiangiogenic, antilymphangiogenic, and an inhibitor of metalloproteinases, but the mechanism involved in 
shrinking LM is unknown.

 23. What is the treatment of VM?
The answer is sclerotherapy, sclerotherapy, and sclerotherapy. Thereafter resection is considered for correction of 
contour, size, or scarring. In a few instances resection is the primary treatment, for example, a tiny, well-localized 
subcutaneous or submucosal lesion, such as in glomuvenous malformation, blue rubber bleb nevus syndrome, or 
spindle cell hemangioendothelioma. In certain areas in an extremity, operation is preferred over sclerotherapy, for 
example, if the lesion is well localized to a single muscle group and can be completely excised, or if there is risk of 
ulceration, nerve damage, or compartment compression.

 24. When should clotting be assessed in a patient with a vascular malformation?
A patient with either multiple or large venous malformation (rarely lymphatico-venous malformation) is at risk for 
localized disseminated intravascular coagulopathy (LIC), defined as the presence of activated clotting and fibrinolytic 
factors in intralesional blood. Any perturbation (e.g., trauma, sclerotherapy, or an operation) can cause disseminated 
intravascular coagulopathy (DIC). The coagulopathic patterns are low fibrinogen and elevated prothrombin time, 
activated partial thromboplastin time, and d-dimer. Unlike Kasabach-Merritt phenomenon, the platelet count is minimally 
depressed (range 50,000 to 150,000 per cubic millimeter). Coagulopathy is caused by blood stasis within the abnormal 
channels, which initiates generation of thrombin and local formation of clots. The most effective treatment of LIC or DIC 
is sclerotherapy to diminish the size of the VM. Heparin is given subcutaneously prior to a procedure (sclerotherapy or 
resection) is continued for 2 weeks after intervention.

 25. Which of the following eponymous vascular disorders are characterized by fast-flow? 
(A) Bonnet-Dechaume-Blanc (Wyburn-Mason) syndrome; (B) Sturge-Weber syndrome; 
(C) Klippel-Trenaunay syndrome; (D) Parkes Weber syndrome; (E) Rendu-Osler-Weber 
syndrome (hereditary hemorrhagic telangiectasia)
The correct answers are A, D, and E. Bonnet-Dechaume-Blanc syndrome is very rare and is comprised of facial 
staining and intracranial AVM involving the mesencephalon. Sturge-Weber is a slow-flow disorder characterized by 
facial CM (sometimes on other parts of the body) and capillary–venous anomalies of the leptomeninges.  
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Klippel-Trenaunay syndrome is another slow-flow overgrowth disorder involving abnormal veins and lymphatics, with 
geographic cutaneous capillary–lymphatic staining (Table 16-2). Parkes Weber syndrome (CLAVM/CAVM) is congenital 
overgrowth of a limb (more often lower) with fast-flow through multiple, tiny AVFs involving skin and usually the 
underlying muscle. Hereditary hemorrhagic telangiectasia (HHT) presents as tiny arteriovenous fistulas (AVFs) in the 
skin and mucous membranes; some patients develop AVMs in the lungs, liver, and brain.

 26. What is Maffucci syndrome?
Unfortunately many textbooks characterize Maffucci syndrome as “hemangiomas” in association with enchondromas. 
The vascular anomalies in this rare disorder are venous in type. The features usually do not manifest until early to 
middle childhood. Enchondromas of the long bones appear first, presentation with a pathologic fracture is common, 
and the patient is often diagnosed as having Ollier syndrome. Cutaneous VMs typically appear as dome-like bluish 
lesions on the limb, typically on the fingers or toes. In time they evolve to become firm, knotty, and verrucous, and 
they may contain phleboliths. Spindle cell hemangioma often develops in the lesions but is thought to be a reactive 
lesion rather than a true neoplasm. Patients who have Maffucci syndrome have a predilection to develop various 
types of malignant tumors.

 27. Multiple venous anomalies suggest the possibility of familial transmission (germline 
mutation). What are the inheritable venous malformations?
The most common are glomuvenous malformations (previously called “familial glomangiomas”). Causative mutations 
are in the gene glomulin, which encodes an intracellular signaling protein. Cutaneomucosal venous malformations are 
the result of a single amino acid substitution resulting in a gain of function in the gene for TIE2 (an endothelial receptor 
for angiopoietin 1 and 2), thought to be responsible for normal recruitment of smooth muscle cells. Another familial 
venous disorder, well known to neurosurgeons, is cerebral cavernous malformation, caused by mutations in KRIT, 
malcavernin, and PCD10. Approximately 12% of these patients have cutaneous and intramuscular VMs. Blue rubber 
bleb nevus syndrome is the most common vascular anomaly that causes gastrointestinal bleeding. These patients have 
multiple cutaneous lesions, especially on the palms and plantar surfaces and on the mucosal lesions. Some pedigrees 
suggest autosomal dominant transmission. The causative gene is unknown.

 28. Which are more common, intracranial or extracranial AVMs?
Intracranial AVMs are 20-fold more common than extracranial AVMs.

 29. AVM should initially be managed by embolization of the feeding arteries:  
True or False?
False. The superselective catheter should pass through the feeding arteries into the epicenter (nidus) of the AVM. 
Proximal embolization of a feeding vessel is just as injurious as proximal ligation, causing collaterals to form with 
expansion of the AVM. Experienced radiologists agree that “cure” by embolization is unlikely unless the AVM can be 
completely resected after preoperative interventional preparation. The term control is preferred to cure by those with 
experience in managing AVMs.

 30. A teenage girl requests a rhinoplasty, but your thorough evaluation reveals a history 
of epistaxis. What is the differential diagnosis?
Likely diagnoses include (1) hereditary hemorrhagic telangiectasia, (2) prominent vessels in Kiesselbach’s triangle,  
(3) familial bleeding disorder (e.g., von Willebrand’s disease), (4) self-mutilation, and (5) cocaine addiction.

Slow-flow
Sturge-Weber: Facial CM, choroidal CM, leptomeningeal CM,  

VM
Klippel-Trenaunay: CLVM, limb/trunk/pelvis overgrowth
Maffucci: VM, enchondromata

Fast-flow
Rendu-Osler-Weber (HHT): Cutaneomucosal “spider-like” 

lesions; pulmonary, cerebral, or hepatic AVM
Parkes Weber: CLAVM/CAVM of a limb, often with hypertrophy
Bonnet-Dechaume-Blanc (Wyburn-Mason): AVM involving 

 central face, extracranial/intracranial optic tract

Table 16-2. Eponymous Vascular Syndromes

AVM, Arteriovenous malformation; CAVM, capillary arteriovenous 
 malformation; CLAVM, capillary lymphaticoarteriovenous malformation; 
CLVM, capillary lymphaticovenous malformation; CM, capillary malformation; 
HHT, hereditary hemorrhagic telangiectasia; VM, venous malformation.
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Keloids and HypertropHic scars

 1. What does the term “keloid” mean?
Alibert coined the term cheloide in 1806 (from the Greek word meaning crab claw) to describe the lateral expansion of 
keloid scarring onto surrounding normal tissue. Historically the first mention of keloid treatment is the Smith papyrus 
from Egypt in 1700 bc. Keloid scars occur with either superficial or deep injuries and are correlated with younger age  
and darker skin. No animal model can be used for clinical investigation because keloids occur only in humans.

 2. What is a keloid made of?
Whereas normal skin contains distinct collagen bundles parallel to the epithelial surface, keloid scars contain 
collagen that is present in randomly oriented dense sheets. There is an increased proliferation of fibroblasts and an 
abnormally increased production of collagen up to 20 times that of normal skin and three times that of hypertrophic 
scars. Keloid fibroblasts overproduce type I collagen; the increased ratio of type I to type III collagen results from 
differences at both the pretranscriptional and posttranscriptional levels. Most microvessels in keloids are occluded, 
apparently due to an excess of endothelial cells, supporting the theory that hypoxia is a factor in abnormal scarring.

 3. What is a hypertrophic scar?
Clinically, hypertrophic scars remain within the confines of the original wound border, whereas keloids invade adjacent 
normal skin. Hypertrophic scars generally arise after several weeks, are present for many months, and then regress. 
Keloids may arise much later after wounding and may enlarge indefinitely.

 4. Who gets keloids? Which anatomic areas are commonly involved?
An incidence of keloids between 4.5% and 16% has been reported in a predominately black and Hispanic population 
and up to 16% in random samplings of black Africans. Although keloids can occur at any age, they are most likely to 
occur between the ages of 10 and 30 years. The incidence is the same in both sexes. Keloids have been associated 
genetically with HLA-B14, HLA-B21, HLA-Bw16, HLA-Bw35, HLA-DR5, HLA-DQw3, and blood group A as both autosomal 
dominant and recessive traits. Keloids commonly occur on the ears, jawline, neck, infraclavicular and sternal areas, 
shoulders, back, abdomen, and extremities. There have been rare reports of keloids on the face mask area. Keloids 
usually are firm and raised, but they may be pedunculated.

 5. What symptoms are associated with keloids?
Some keloids are tender and some are painful. Some patients complain of pruritus due to an overabundance of 
histamine-producing mast cells. Left untreated, keloids may continue to take up more “real estate,” making their 
eventual treatment more difficult. Cosmetic concern is the main reason patients seek medical intervention.

 6. Why do keloids occur?
Although spontaneous keloid development has been reported, it is generally accepted that all keloids are the result 
of trauma. Synthesis and remodeling of the extracellular matrix by fibroblasts is thought to be the major determinant 
of dermal architecture after repair. Hypotheses for keloid formation include wound hypoxia, growth factors, fibroblast 
proliferation, skin tension, anatomic location, genetic disposition, and alterations in extracellular matrix (increased 
fibronectin production).

 7. What is collagen?
Collagen is the most abundant protein in mammals, constituting one fourth of the total. It forms insoluble fibers that 
have a high tensile strength. Tropocollagen is the basic structural unit of collagen, with a triple helix of polypeptide 
chains of approximately 1000 amino acid residues each, measuring 3000 Å long by 15 Å wide. Nearly every third 
residue is glycine; proline is present to a greater extent along with two other rare amino acids, hydroxyproline and 
hydroxylysine. Carbohydrate units are covalently attached to hydroxylysine residues. A collagen fiber is a “quarter-
staggered” array of tropocollagen molecules, strengthened by cross-links. A defect in hydroxylation of collagen due  
to absence of vitamin C can lead to scurvy.
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Tissue collagenases that break down keloid scars are stimulated by steroid injections. The invasive organism 
Clostridium histolyticum causes spreading gas gangrene by secreting collagenases. Hippocrates observed 
lathyrism in people who ate ground peas; the beta-aminopropionitrile prevents cross-linking of collagen, 
reducing its strength.

 8. How does wound healing work?
All wounds leave scars; “invisible” skin scarring is only present in amphibians and mammalian fetuses during certain 
stages of gestation. Wound healing is largely controlled by fibroblasts and has been divided into three phases: 
inflammatory (3 to 10 days), fibroblastic (10 to 14 days), and maturation. During the proliferative phase of wound 
healing, procollagen is formed intracellularly by fibroblasts and secreted into the extracellular space. It is transformed to 
tropocollagen by proteases. Tropocollagen molecules aggregate into immature soluble collagen fibrils that are cross-
linked by lysyl oxidase to form mature collagen. The amount of collagen in a healing wound reaches a peak in 3 weeks, 
but remodeling continues over months to years.

 9. What happens if you just excise a keloid?
Simple excision of a keloid stimulates a quick recurrence up to 100% of the time. Intramarginal excision of a keloid also 
leads to recurrence.

 10. What growth factors are involved?
It is accepted that transforming growth factor beta (TGF-β) is altered in abnormal scarring, although why this happens is 
unclear. Several studies have demonstrated the association of TGF-β with increased collagen and fibronectin synthesis 
by keloid fibroblasts. Studies have shown that keratinocyte fibroblast in vitro coculture systems can induce the keloid 
phenotype in normal fibroblasts, suggesting epithelial–mesenchymal interactions.

 11. How does silicone gel sheeting work?
Pressure garments and silicone gel sheeting are important therapeutic adjuncts in keloid treatment. Pressure therapy is 
a long-term treatment, so most patients become less compliant after several months. The mechanism of gel sheeting 
may be warmth, hydration, or occlusion. Silicone gel itself does not seem to work as well as the sheeting. Nonsilicone 
gel dressings, such as polyurethane (Curad), also can lead to regression of keloids. The gel sheeting should be worn 
23 hours per day for 1 year but may need to be discontinued due to skin breakdown. In published studies, patients show 
improvement of hypertrophic scars with use of silicone sheeting 80% to 100% of the time; however, silicone sheeting 
alone is successful in treating keloids only 35% of the time. Silicone gel sheeting generally does not work well on 
mature keloids.

 12. How does pressure work?
Silicone sheeting works better when combined with pressure. Custom garments have been helpful in preventing raised 
burn scars. Clip-on earrings usually are used after excision of keloids on the lobule or helix of the ear. Pressure is 
thought to decrease tissue metabolism and increase collagenase activity within the wound. Several other mechanisms 
suggested in the literature include scar hypoxia, increased hydration, and increased scar temperature. A pressure 
garment is recommend 23 to 24 hours per day for 1 year; however, effective pressure (25 to 40 mm Hg) cannot be 
achieved in several important anatomic areas. Massage is recommended in conjunction with any scar reduction 
regimen. The mechanism of action is not understood.

13. How do triamcinolone injections work?
A mainstay treatment of keloids is triamcinolone (Kenalog) injections, 10 to 40 mg/mL. The corticosteroid inhibits 
alpha2-macroglobulin, causing elaboration of collagenase and collagen degradation. The interval of treatment is 
generally every 3 to 6 weeks. Keloid injections are easier and less painful after pretreatment with liquid nitrogen, 
which makes keloids “softer.” Cordran tape (flurandrenolide) applied to a keloid for 12 to 20 hours per day will 
often cause regression of a keloid and may reduce itching. Patients must be followed for recurrence for a minimum 
of 2 years. Subcutaneous atrophy, telangiectasias, and pigmentary changes occur in half of patients treated with 
triamcinolone.

 14. What about electron beam radiation therapy?
Electron beam therapy is used immediately after surgical excision in the treatment of difficult keloids. The advantage 
of low-megavolt electron beam radiation is that the depth of penetration is limited, without appreciable effect on 
deeper structures. From 1500 to 2000 rads (15 to 20 Gy) is fractionated over 7 days. The primary mechanism of 
radiation-induced scar control seems to be inhibition of fibroblast proliferation. Radiation typically is not recommended 
in cancer-prone areas such as breast or thyroid. Reported keloid recurrence rates after excision and electron beam 
radiation are as low as 25%.
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 15. What other therapies have been tried?
Other therapies attempted but with poor success include interferon, 5-fluorouracil, imiquimod (Aldara), retinoic acid, 
clobetasone ointment, tacrolimus, methotrexate, colchicine, zinc, salicylic acid, verapamil, bleomycin, cyclosporine, 
lathyrogens (beta-aminopropionitrile and d-penicillamine), laser therapy, and ultraviolet light. Other surgical adjuncts 
include the use of tissue expanders for closure of keloid areas without tension. The pulsed dye laser has been used 
successfully to treat redness resulting from keloids treated with triamcinolone. Skin grafting can lead to a “keloid wave” 
at the edges of the grafted lesion and may cause a new keloid to form at the donor site.

16. What is the success rate for treating keloids?
Although the current standard of care is excision followed by intralesional steroid injections or electron beam radiation 
therapy, keloids are frequently resistant to treatment. Prevention (e.g., avoiding ear piercings) is the first rule in  
keloid-prone patients. In our series of 95 pediatric keloid patients with Fitzpatrick skin types III to VI treated over the past 
6 years with surgery, pressure ear rings, Kenalog, and electron beam radiation, the success rate was <50%. The usual 
reason for treatment failure was poor patient compliance.
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Hair TransplanTaTion 18

 1. What is the most common cause of pattern baldness?
Androgenic alopecia (AA) is the scientific name for the genetic predisposition for pattern baldness. AA is the cause of 
more than 95% of all cases of pattern hair loss, including baldness in men and thinning hair in women. The androgens 
testosterone and dihydrotestosterone (DHT) are responsible for AA. The enzyme 5-alpha reductase regulates the 
conversion of testosterone to DHT. Increased levels of DHT, or increased sensitivity to the effects of DHT, leads to 
miniaturization of the hair follicle, a shortened anagen phase of the hair cycle, and eventual hair loss.

 2. What is male pattern baldness?
Patterned hair loss in men is referred to as male pattern baldness (MPB). In MPB, the hairs in the frontal, temporal, and 
vertex regions of the scalp have a genetic sensitivity to the hormone testosterone. The hairs on the sides and back of 
the scalp do not possess this genetic trait and are not affected. For this reason, hairs removed from the side and back of the 
scalp (donor hairs) will maintain their genetic predisposition and continue to grow when transplanted to the top of 
the scalp where hair loss has occurred.

 3. List the causes of nonandrogenic alopecia.
The differential diagnosis of nonandrogenic alopecia includes the following:

 • Metabolic disorders: Iron deficiency anemia, thyroid disease, polycystic ovary syndrome
 • Telogen effluvium: Prolonged and high fever, acute psychiatric illness
 • Infectious diseases: Herpes simplex, herpes zoster, kerion, folliculitis decalvans
 • Inflammatory diseases: Discoid lupus erythematosus, lichen planopilaris (scarring alopecia)
 • Autoimmune disorders: Alopecia areata
 • Trauma: Traction alopecia, burns, trichotillomania
 • Medications: Beta-blockers, angiotensin-converting enzyme (ACE) inhibitors, birth control pills

 4. Who is Dr. O’Tar T. Norwood?
Dr. Norwood has been a leader in hair transplant surgery for 30 years and is responsible for many landmark events in 
the field. He published the first book on hair transplant surgery in 1974 and a second edition in 1984. He is cofounder 
of the International Society of Hair Restoration Surgery (www.ishrs.org), and he founded, published, and edited the Hair 
Transplant Forum International from 1990 to 1995. The Forum was and remains the leading periodical in hair transplant 
surgery and has led to many of the recent improvements in hair surgery and hair loss.

Dr. Norwood’s early research in male pattern baldness produced the Norwood Classification of Male Pattern Baldness. 
This classification has become the standard throughout the world and is used by everyone discussing and studying male 
pattern baldness (Fig. 18-1). In September 1998, at the Annual Meeting of the International Society of Hair Restoration 
Surgery, Dr. Norwood received both the Golden Follicle Award and the Manford Lucas Award. He was the first physician 
to receive both of these prestigious awards at the same time.

 5. Describe the anatomy of a hair follicle and the anatomic importance.
The hair follicle has three major anatomic components: the infundibulum, isthmus, and inferior region. The 
infundibulum is the location from the follicle opening of the skin down to the sebaceous duct. The isthmus is the center 
region. It starts at the sebaceous duct and proceeds inferiorly to the arrector pili muscle. The inferior region is located 
from the arrector pili muscle to the base of the follicle. The base of the follicle is also known as the hair bulb. The base 
of the hair bulb is the dermal papilla, which contains a highly vascularized network, nerves, melanocytes, and matrix 
cells. The hair bulb and dermal papilla make up the hair root. The anatomic importance of the follicle is that its integrity 
must be preserved during harvesting and not damaged during insertion. A damaged or transected follicle is not viable 
for transplantation (Fig. 18-2).
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 6. What defines a follicular unit?
A follicular unit (FU) is a discrete anatomic and physiologic entity of one, two, three, or four terminal hairs in their natural 
distribution. These follicular families can only be seen under a microscope and are meticulously dissected to avoid disrupting 
their natural pattern in the scalp. The size of a follicular unit is approximately 1 mm. The average follicular unit contains 2.2 hairs.

II

III III Vertex

IV V

VI VII

I

Figure 18-1. Norwood classification of androgenic alopecia. (From Unger MG, Cotterill PC: Hair transplantation. In Achauer BM, 
Eriksson E, Guyuron B, Coleman JJ, Russell RC, Vander Kolk CA [eds]: Plastic Surgery: Indications, Operations, and Outcomes, Vol 5, 
Aesthetic Surgery. St. Louis, Mosby, 2000, p 2487. Redrawn from Norwood OT: Male pattern baldness: Classification and incidence. 
South Med J 68:1359–1365, 1975.)
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 7. Describe the factors and important anatomic landmarks when designing a hairline.
The newly designed hairline should be age appropriate and should maintain a natural mature look. To achieve these 
results, it is important to recognize the following anatomic landmarks: glabella, frontalis muscle, lateral epicanthal 
line, and temporal points. A general rule of thumb for the new hairline is that it should be four finger breadths, or 
7.5 to 9 cm, above the glabella. A hairline should never be designed lower than that to maintain an age-appropriate 
look. Also, an asymmetric and staggered patterned hairline allows for better cosmetic results to avoid an unnatural 
pattern.

 8. What techniques help to decrease scarring in the donor area?
An optimal scar in the donor area is achieved by paying attention to the scalp’s laxity prior to excising the donor strip as well 
as making an elliptical incision. By keeping the donor strip 1 cm or smaller, there is decreased stretch back, which leads to 
less scar formation. Some surgeons use the infrared coagulator on the theory that it helps to decrease tension by pulling 
both sides of the incision closer. Closure of the wound is best accomplished by a low-tension running locking stitch using 
3-0 or 4-0 nylon suture. The distance between each stitch should be between 4 and 5 mm. The sutures should be left in 
place for 10 to 14 days. This approach yields the best cosmetic results with a virtually undetectable scar in 6 months.

 9. What are the most widely used harvesting techniques in regard to the donor area?
Three main excision methods are available to remove the donor strip: single-blade, double-bladed, and multi-bladed 
scalpel. Each technique is operator dependent and offers different results. With all three techniques, the initial scalp 
incision is parallel to the angle of hair growth. Single- and double-blade scalpels allow the surgeon to excise a single 
strip of hair with the least amount of transection to the follicles. This is attributed to better visualization and adjustment 
of the angle as the strip is excised. The multi-bladed approach allows for excision of multiple narrow strips. This is 
accomplished by use of different-sized spacers between the numerous blades. The main drawback to the multi-bladed 
technique is less direct visualization of the follicle and therefore a higher transection rate.

10. What is considered the “prime” anatomic location for donor harvesting?
The “prime” or precise anatomic location on the scalp for harvesting the donor strip is at the level of the external 
occipital protuberance and the superior nuchal line. Making an incision below this level will interfere with underlying 
muscle motion. Other factors to consider when harvesting include the patient’s age, current medical therapies, and 
concurrent hair loss.

11. What criteria are used for assessing a patient’s donor supply?
The criteria are donor site density, scalp laxity, and size of the current donor area. Donor density refers to the number 
of follicular units per square millimeter for a virgin scalp. Scalp laxity refers to the mechanics of the scalp to slide and 
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Figure 18-2. Anatomy of a hair follicle. (From Habif T: Clinical Dermatology: A Color Guide to Diagnosis and 
Therapy, 4th ed. St. Louis, Mosby, 2004.)
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stretch on the galea aponeurotica. A patient with a loose scalp will have a greater density compared to a patient with a 
tight scalp. Factors that affect the size of the current donor area include concurrent medical therapy, patient’s age with 
regard to future hair loss, and present amount of hair loss, that is, does it recede upward from the neck or downward 
from the crown? In addition, patients must have realistic expectations for the results.

12. What are the most common complications of hair transplant surgery?
The most common complications are postoperative facial edema, folliculitis, wound infection, and wound dehiscence.

13. Define the regions of the scalp.
The frontal region consists of the frontal hair line, the left and right frontotemporal corners back to the midscalp  

(Fig. 18-3).
The midscalp region is the horizontal area on the top of the head. It extends laterally by the temporoparietal hair-bearing 

fringes, anteriorly by a line drawn across from one frontotemporal corner to the other, and posteriorly by a curved 
line that passes through the vertex transition point and leaves a normally shaped vertex area posterior to it.

The vertex is the most posterior portion of the scalp. The vertex transition point divides the midscalp from the vertex 
(crown). At the vertex transition point the forward direction of the hair changes to a whorl pattern.

14. What are new developments in the treatment of hair loss?
Currently, researchers are working on cloning hair follicles. This would allow a patient to have transplant after 
transplant without donor depletion and to have an increase in overall hair density. Other new developments include 
nanotechnology, which may prove to be able to increase medical treatment with minoxidil by efficiently transporting 
molecules deeper and faster to the hair root.

15. What are the stages of the hair growth cycle?
The hair growth cycle consists of three phases: anagen, catagen, and telogen. Anagen, the growth phase, lasts between 
3 and 10 years. During this phase, rapid cell division occurs in the hair bulb and dermal papilla. In addition, new hairs 
begin to protrude from the scalp. Catagen is a transitional phase that lasts 2 to 3 weeks. During this phase, cell division 
stops and the melanocytes stop producing pigment. Telogen, the resting phase, lasts 3 to 4 months during which hairs 
are shed from the scalp.

16. What is the rate of hair growth?
Hair growth occurs at a rate of approximately 1 cm per month.

17. What medical treatments are available for androgenic alopecia?
Finasteride became available in January 1998 and has modified the way physicians treat men with male pattern hair 
loss. It has proved to be an effective tool that practitioners can now use in the fight against hair loss. The product 
requires taking a 1-mg pill daily for life. If a patient discontinues finasteride use, the scalp hairs that were saved from 
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Figure 18-3. Regions of the scalp. (From Robinson JK, Sengelmann RD, Hanke CW, Siegel DM [eds.]. Surgery of the Skin. Philadelphia, 
Mosby, 2005).
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shedding or have regrown will eventually fall out. It works by blocking the formation of DHT (male hormone) and 
preventing it from binding to and eventually destroying the hair follicle. Specifically, it is an inhibitor of type II  
5-alpha reductase. Finasteride was developed to treat baldness in the top, back, and midscalp. It has not been proven to 
work on recession of the front, temporal area, or hairline. Current data from Merck & Co. (the manufacturer of Propecia) 
has demonstrated finasteride to be a safe and effective treatment for male pattern hair loss in a long-term clinical trial 
(5 years). Minoxidil was introduced in the late 1980s for treatment of hair loss in men in women. The mechanism by 
which minoxidil works is unknown. Minoxidil is available as 2% and 5% topical solution. Minoxidil has been shown to 
halt hair loss and stimulate new hair growth. Minoxidil works best for early hair loss in small areas. Discontinuation of 
minoxidil wipes out all the hairs grown and saved through the treatment.

18. What are the most commonly accepted practices for making recipient sites?
The direction of the incision for the recipient site can be sagittal or coronal to the scalp. Many different surgical 
instruments are available to the surgeon for making recipient sites. Nokor needles (18 gauge) make a 1.8-mm incision 
for two- to three-hair follicular units. Minde blades, which stands for “minimum depth” knives, come in various sizes 
and with different types of tips. The theory behind the Minde blade is that it does not affect the major subcutaneous 
blood vessels, which helps to decrease trauma to the blood supply of the scalp by controlling the depth to 4 mm. Minde 
blades are produced with either chisel or angle tips. They range in size from 1.3 to 3 mm. Incisions vary from 1.3 mm 
for a single hair follicular unit to 3 mm for a four- to six-hair follicular unit. Slots and punches vary in size, remove bald 
tissue, and require larger grafts containing five to eight hairs to be transplanted. Some surgeons make their own blades 
to match the exact size of the follicles. This is accomplished by using a blade cutter manufactured by Cutting Edge 
Surgical Equipment. These blades also allow for preservation of the blood supply to the scalp.

19. What are the differences between a micrograft, minigraft, slot graft, and punch graft?
A micrograft is a single follicular unit containing one to two hairs. A minigraft contains three to six hairs in the form 
of a follicular unit or two follicular units together (follicular family). A slot graft is a larger graft that contains five to eight 
hairs. A punch graft is a large round graft that contains 14 to 30 hairs. It is no longer used since the introduction of 
follicular unit transplantation. 

20. How long does it take to see the full results of a hair transplant?
It can take between 8 and 12 months to see the full results. All scalp hair develops in a growing phase (anagen) and in 
a resting phase (telogen). Every hair on our head replaces itself every 6 years. The resting phase can be explained as 
a 3-month hibernation cycle during which the follicle is alive under the skin but no cosmetic hair is produced. After the 
3-month dormancy, the follicle once again produces a new cosmetic hair.

21. What is follicular unit extraction?
Follicular unit extraction is a procedure using a small circular punch to harvest follicular units from the donor region. 
The procedure has advantages and disadvantages. The advantages include a shorter recovery time, no sutures to the 
donor area (therefore leaving no linear scar), allowing the patient to have a short hair style, and accommodating those 
who want a small procedure. Disadvantages include a higher transection rate, more time and labor are required, and the 
amount of grafts harvested in one session is limited to 400 to 600 at a time.
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TaTToos

 1. What is a tattoo?
A tattoo is a foreign material entered into the dermis by needle or some other trauma that results in a visible, indelible 
mark in the skin.

 2. How do the types of tattoos differ?
The depth and amount of material vary with the type of tattoo and have an effect on the choice of removal technique. 
Professional tattoos from a tattoo parlor usually are placed superficially in the dermis at a rather uniform layer. As 
a result, the material is fairly accessible to most removal techniques. However, the amount of dye deposited into 
the skin may be significant. Homemade tattoos (usually with India ink) have a varied depth (1 to 3 mm), but usually 
a smaller amount of ink is present. Traumatic tattoos from abrasions tend to be superficial. Traumatic tattoos from 
penetrating injuries usually have a deeper component. Historically, newer and professional tattoos were believed to 
be easier to remove. However, with the advent of Q-switched lasers, older and homemade tattoos seem to respond 
the best.

 3. What is the history of tattoos?
The story of tattoos begins with the desire to decorate the human body in an expression of individuality. Tattoos 
certainly existed in ancient Egypt, as evidenced by mummies dating from the second millennium bc. The 
Polynesians were known for very extensive tattooing and thus started the seagoing tradition of tattoos. Today, 
tattoos are prevalent in Western society, and the practice of tattooing is seen in both genders, most races, and all 
socioeconomic groups.

 4. Why do people get tattoos?
Tattoos have been placed for decoration (personal satisfaction, attention-seeking behavior, identification with groups 
such as Hell’s Angels, gangs, or armed forces), identification (prisoners, Nazi concentration camp survivors), and 
personal proclamations, including love. Tattoos may be used for cosmetic purposes, such as for eyeliner and for 
eyebrow definition. Tattoos are also used medically for marking radiation ports and for nipple reconstruction. Lastly, 
tattoos may result from trauma. The most common example is an automobile accident in which road debris enters 
the skin.

 5. Are cosmetic and professional tattoos safe?
Overall, the answer is yes. The dyes are generally selected to have little reaction (i.e., to be inert). Rarely, however, a 
patient becomes sensitized to a tattoo. For example, the red pigment from cinnabar is a well-described sensitizer. In 
addition, allergic reactions to blue (cobalt), green (chromium), and yellow (cadmium) dyes have been described. Usually, 
the reaction is delayed hypersensitivity, but more serious anaphylactic reactions may occur. Delayed hypersensitivity 
presents as a granulomatous and/or itchy dermatitis-like reaction in the area of a certain dye. At times, the reaction is 
photoallergic in nature.

Infectious disease transmission is a more serious concern. Hepatitis has been associated with tattoos for decades, and 
the fear of acquired immunodeficiency syndrome (AIDS) has raised concern about tattooing in the public health sector. 
Some states ban tattooing, others regulate and license tattooing, and still others have no oversight at all.

 6. Have weird reactions been reported in tattoos?
Of course. Anything arising in a tattoo, including skin cancers, becomes a case report; examples include melanoma, 
basal cell carcinoma, squamous cell carcinoma, keratoacanthoma, and sarcoidosis. Diseases that show koebnerization, 
such as psoriasis, keloids, discoid lupus, lichen planus, and Darier’s disease, have been reported arising within a 
tattoo. Rarely, systemic immune responses, such as erythema multiforme and scleroderma, occur in association with 
tattoos. A host of infections, including as leprosy, Treponema pallidum, papillomavirus, molluscum contagiosum, and 
Mycobacterium tuberculosis, have been reported in association with tattoos. Reactions of the metal pigments within 
tattoo dyes may occur during a magnetic resonance imaging scan.
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 7. Why do individuals want tattoo removal?
Just as people get tattoos for varied reasons, they seek removal due to many different stimuli. For example, if a man is 
currently married to “Jill,” he (and she) may wish for him to remove his tattoo that states “I Love Sally 4ever.” Former 
gang members may wish to remove gang-identifying tattoos. In addition, tattoos are permanent, visible markings 
that sometimes are misperceived by others, and they may convey an unwanted image or at times limit employment 
opportunities. It has been reported that more than 50% of individuals with tattoos regret being tattooed and seek 
removal (Box 19-1).

 8. How does motivation affect outcome of removal?
Motivation certainly affects the patient’s perception of outcome. In some circumstances, such as the “I Love Sally 
4ever” example in Question 7, CO2 laser removal or excision resulting in a minor scar may be quite acceptable to 
the patient who is simply anxious to have quick removal. However, when a scar is not acceptable, removal with a 
Q-switched laser may be the better option. Tattoo removal with a Q-switched laser may require many treatments at 
substantial cost, and patients must be motivated to expend the energy (and cash) often required to pursue removal. 
Patients with tattoos from trauma or radiation markers may have psychological problems that the physician must 
consider and address.

 9. Why not simply cut out the tattoo?
There is nothing wrong with cutting out a tattoo. This method of removal is fast, direct, and may be cost-effective. In 
some circumstances, cutting out the tattoo is the most prudent treatment and, in cases of allergy, the least risky. Simple 
punch excisions can be used for small traumatic tattoos. For larger tattoos, serial excisions, flaps, tissue expansion, or 
excision with application of a skin graft may be required. In considering excision, remember that most tattoos occur in 
sites that tend to heal with problem scars, such as the torso and extremities.

10. What happened to the CO2 laser?
The CO2 laser, built on the success of other destructive processes and the current love affair with new high-tech 
approaches to any problem, was a popular option before Q-switched lasers were developed. CO2 laser removal was a 
favored approach due to the bloodless field, ability to view the tattoo particles, and high patient approval. In comparison 
with other destructive methods, the CO2 laser vaporizes the tattoo, generally removing it in one session. Larger tattoos are 
removed in smaller sections (10 cm2) to avoid contraction scars on the extremities.

In the first step, the laser vaporizes or blisters off the epidermis, and the tattoo becomes brighter with the loss of the 
skin cells. The laser is then used to vaporize into the dermis to remove the bulk of the tattoo material. Not all of the 
material needs to be removed because some of the tattoo is leached out during the healing phase. Some surgeons use 
the CO2 laser like dermabrasion to remove the epidermis and then combine it with other destructive techniques, such as 
salabrasion or tannic acid. Urea (50% ointment) has also been used as an adjunct to superficial laser abrasion.

The wound is allowed to heal by second intention, usually with some type of occlusive dressing (e.g., petrolatum 
gauze, Vigilon [C.R. Bard, Covington, GA]). Because of the risk of hypertrophic scars, some surgeons use potent topical 
steroids as soon as reepithelialization occurs. In any case, intervention with intralesional steroids (e.g., 5 to 20 mg/dL 
triamcinolone) may still be needed. Although the outcomes are sometimes quite good, CO2 laser removal makes sense 
only if the patient would be happy with a scar rather than the tattoo and prefers a single treatment session.

Box 19-1. Options for Tattoo Removal

KTP, Potassium titanyl phosphate.

Deep Destruction
CO2 laser
Infrared coagulator

Superficial Destruction
Chemical peeling
Dermabrasion
Salabrasion
Electrocautery
Argon/KTP lasers
Cryosurgery
Dermaplaning
Q-switched lasers

Inflammatory Methods
Tannic acid
Oxalic acid
Urea

Surgical Methods
Excision, including serial excision
Punch excision
Excision with grafting
Flap
Tissue expansion

Other
Overtattooing
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11. What about salabrasion?
If the epidermis is removed and the superficial dermis is invaded in some manner, some of the dyes will leach out of 
the dermis and may disseminate during the inflammatory process. Salabrasion was classically done with table salt, 
abrading the skin and leaving salt on the wound for several minutes. Longer periods, up to 4 hours or more, result in 
more pigment removal but also more scarring. The longer the salt is present, the greater the injury.

12. How does tannic acid work?
Tannic acid or oxalic acid has been used after epidermal abrasion to induce an inflammatory reaction and subsequent 
leaching of pigment. Tannic acid has been used alone in an overtattooing method without dermabrasion.

13. Can dermabrasion be used alone?
Yes. In this approach, the epidermis and superficial dermis are abraded mechanically. As with CO2 laser removal, the 
tattoo brightens with loss of the epidermis. An occlusive dressing is placed and removed daily; the leaching of dye is 
noted. The wound can then be abraded with gauze (Fig. 19-1). This approach allows more time for the material to leach 
out of the dermis. If the response is partial, the procedure can be repeated. The depth of destruction is kept superficial; 
thus, scarring can be minimized. However, scarring, dyschromia, and partial response are significant problems.

14. If dermabrasion works, what about chemical peeling?
Because a chemical peel with trichloroacetic acid (or even phenol) causes epidermal loss and some dermal injury, it 
may be effective on tattoos. Except for a few reports, including a large Scottish study, chemical peeling has not been 
widely used.

15. What about dermaplaning?
In addition to the CO2 laser and dermabrasion, a dermatome can be used to remove the epidermis and upper dermis. 
This technique has been reported in a small number of cases. It makes sense that any technique of superficial 
destruction or removal will work in the same manner.

16. Any other thoughts on nonselective destruction?
Light electrocautery can be used in small tattoos, and the infrared coagulator is effective in removing the material in tattoos. 
The argon laser has been used, but scarring and residual pigmentation often result. As always, the ratio of tissue damage to 
extent of material removed is the heart of the matter. The Q-switched lasers changed this ratio (and require less skill).

17. What are Q-switched lasers?
Presently, three Q-switched lasers are commonly available: ruby (694 nm), Nd:YAG (1064 nm, double-frequency Nd:YAG 
at 532 nm), and alexandrite (760 nm). These lasers operate by giving off short pulses (nanoseconds) that disrupt 
the tattoo material and cause minimal damage to adjacent dermis and epidermis (i.e., they demonstrate selective 
photothermolysis). Q-switched lasers can disrupt the intracellular pigment selectively, alter the pigment, and allow the 
redistribution and elimination of pigment because the duration of the laser is so short and the energy so high that the 
pigment is heated and disrupted before the adjacent dermis is injured.

18. Do all Q-switched lasers work for every tattoo?
Not exactly. The wavelength must be matched to the color pigment, and multiple wavelengths are needed to treat 
different colors. All Q-switched lasers work well with black and India ink, but the Nd:YAG (1064 nm) and alexandrite 
lasers have the best results for these colors. The ruby laser is the most effective laser for green tattoos but will not 

A B C

Figure 19-1. A, Multicolored 
tattoo. B, Tattoo immediately 
after superficial dermabrasion. 
Note brightening of the tattoo 
after epidermis removal. C, Tattoo 
pigment on gauze 24 hours after 
dermabrasion. (Courtesy of Dr. Louis 
Fragola.)
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remove red. The double-frequency Nd:YAG is effective for red but not green colors, and it may be effective for some 
oranges, yellows, and purples. The alexandrite appears to be effective for blue, black, red, and green but does less well 
with orange and yellow.

19. Any tips for using Q-switched lasers?
 • We routinely use a clear polyurethane or Vigilon-like material over the tattoo to keep the splatter, which moves too 
quickly for an evacuator, off our faces and out of the air. A cool sheet of Vigilon is soothing and in theory may reduce 
epidermal damage.

 • With treatment, whitening of the epidermis gives you a sense of the endpoint. Heavy bleeding points suggest an 
overaggressive approach.

 • Competitive absorption in a heavily pigmented patient limits effectiveness but can still be used. As expected, the less 
tanned the patient’s skin, the better.

 • Do not rush. A period of a few months between treatments is not a problem and, in fact, may be beneficial.

20. Does tattoo removal with a Q-switched laser hurt?
Yes. As with any procedure, the level of discomfort is patient dependent. Use of local anesthesia is recommended to 
improve patient comfort. Anesthesia can be obtained with topical agents (e.g., EMLA [topical lidocaine and procaine; 
AstraZeneca Pharmaceuticals LP, Wilmington, DE] or LMX [topical lidocaine; Ferndale Laboratories, Ferndale, MI]) applied 
for approximately 1 hour prior to treatment or with local injection of various anesthetic agents (e.g., lidocaine 1%).

21. What kind of complications may occur with the Q-switched laser?
In comparison with other techniques, scarring occurs in a small number of cases and usually responds to time and 
intralesional steroids. Scarring decreases as the time between treatments is lengthened from 2 weeks to 6 to 8 weeks. 
Most patients have temporary hypopigmentation (Fig. 19-2). However, a white depigmentation may be permanent. 
Rarely, a tattoo changes color with treatment; light or natural tones turning black with treatment is a well-described 
phenomenon. This phenomenon occurs when reddish-brown ferric oxide (Fe

2O3) is reduced via laser energy to ferrous 
oxide (FeO), which is black. Use of a Q-switched laser in a patient with an allergic reaction is dangerous because the 
dyes are broken up and freed from macrophages, allowing potential worsening of the reaction. In this situation, excision 
or possibly the CO2 laser is a better choice for removal. However, unmet expectations probably are the most common 
problem.

22. So the worst problem is that it may not work?
Exactly. Even with the right laser, the number of treatments and the final outcome (i.e., how much is removed) cannot be 
predicted. Imagine the patient’s frustration with only partial response of his or her tattoo after 10 treatments.

23. Are some tattoos easier to remove than others using the Q-switched lasers?
The easiest to remove are clearly the amateur lesions, which most commonly use a small amount of India ink. The most 
difficult are bright, new, multicolored tattoos. Tattoos overlying other tattoos are hard and unpredictable. Old tattoos 
respond better than new tattoos.

24. What about traumatic tattoos?
In most tattoos, foreign material is introduced on purpose, but material may be entered into the skin by trauma, such 
as road grit from an automobile accident, powder from a blast, or pencil graphite from rushed movements. The best 
approach is prevention in the acute phase, trying to remove as much material as possible immediately after the incident. 
Careful cleaning of the wound, including the use of brushes, should be performed. Use of an occlusive dressing may 
allow additional material to leach out, much like a therapeutic dermabrasion.

A B

Figure 19-2. A, Old, partially 
faded professional tattoo after two 
treatments with the Q-switched YAG. 
Note slight hypertrophic scar at the 
strings of the gloves. B, Response 
to four additional laser treatments, 
with good improvement in tattoo 
disappearance and resolution of the 
scar without treatment. Note slight 
hypopigmentation in the treated area.
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25. Once you have a traumatic tattoo, are the choices for removal the same as for a 
decorative tattoo?
Exactly. The choices are excision, spot dermabrasion, laser abrasion, or Q-switched lasers. The depth and materials vary 
from case to case, and one needs to be creative in treating the tattoo. In addition, patients may have an underlying scar 
that becomes more apparent after the pigment is gone. Remember to consider the psychological effects of the trauma 
when evaluating patient expectations.

26. Does the tattoo have a role in plastic surgery?
The use of medical tattooing procedures is underappreciated. In the past, tattoos were used to hide scars or blend in 
discolorations, such as port-wine stains. Cosmetic tattooing has been used to camouflage skin grafts and in vermilion 
enhancement. The use of tattooing in port-wine stains has been replaced with better treatments, and tattoos are more 
commonly used in circumstances such as permanent eyeliner, eyebrows, postmastectomy periareolar reconstruction, 
and covering areas of vitiligo. Low-cost units for this purpose (e.g., the Penmark enhancer) are readily available. The 
loss of pigment in vitiligo can be stressful and quite obvious, especially in a darkly pigmented patient. By using a unit 
such as the Penmark enhancer with a multineedle brush, wide areas can be covered. This technique is most helpful in 
localized areas, such as the hand, that respond poorly to psoralens and ultraviolet A (PUVA) therapy and are difficult to 
cover effectively with concealers.

Cosmetic tattooing can be used to enhance existing eyelids (blepharopigmentation) or eyebrows or to mimic hair for 
patients with traumatic hair loss or alopecia areata. Ferrous oxide is the most common pigment used, and it appears to 
have a great safety profile with few allergic reactions. Cosmetic tattooing can be used to create the illusion of an areola 
and nipple after breast surgery when a formal reconstruction is not desired or possible. It has the advantage of a low 
invasive approach, and the appearance can be excellent.

Retattooing (i.e., covering a prior tattoo) can be helpful by hiding the offending portion. Examples include tattooing 
clothes on a nude figure or hiding the name of a loved one (e.g., “Sally”) from the past (Box 19-2).
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Box 19-2. Medical Uses of Tattooing

Color Blending and Pigment Replacement
Port-wine stains
Skin grafts
Vermilion (coloration of flaps)
Scars/burns
Vitiligo

Miscellaneous
Radiation ports

Mimicking of Lost Structures
Hair loss (eyebrows, eyelids)
Postmastectomy nipple reconstruction

Cosmetic Enhancement
Eyebrows, eyelids
Vermilion
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CraniofaCial Surgery i—Congenital

Head 1. Joan Miró, 1974. Acrylic and oil on canvas. © 2008 Successio Miró/Artists’ Rights Society 
(ARS), New York/ADAGP, Paris. 
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PrinciPles of craniofacial surgery 20

 1. What is the specialty of craniofacial surgery?
Craniofacial surgery is plastic surgery of the cephalic extremity, including the skull, the face, and, in particular, the orbit. 
Paul Tessier, the pioneer of craniofacial surgery, defined the field as orbitocentric. It involves the cephalic skeleton as 
well as surrounding soft tissues.

 2. What three types of pathology can be treated by the craniofacial surgeon?
Congenital anomalies, defects after tumor ablation, and posttraumatic deformities (Table 20-1). Congenital conditions 
should be treated early in infancy to optimize final results. Reconstruction of resultant defects after tumor ablation and 
trauma often requires the input of the craniofacial surgeon for both pediatric and adult patients.

 3. What are the goals of craniofacial surgery in patients with craniosynostosis or 
faciocraniosynostosis?
The goals of surgery include correction of the dysmorphogenesis and prevention of functional impairment, such as 
mental retardation and visual disturbances.

 4. What is the incidence of craniosynostosis?
Based on European statistics, the incidence of common craniosynostosis averages 1:2200 live births. Conversely, a rare 
faciocraniosynostosis, such as Apert’s syndrome, is likely to appear in 1:150,000 live births. Although some cases of 
craniosynostosis clearly are familial, most are sporadic.

 5. What is the pathogenesis of craniosynostosis?
Premature fusion of the sutural system of a growing skull is the common mechanism of craniosynostosis. The result is 
a cessation of calvarial growth perpendicular to the affected suture. The classic law of Virchow predicts compensatory 
calvarial growth in a direction parallel to the affected suture.

 6. How is craniosynostosis classified?
Classification is based on the affected suture and its associated morphologic deformity (Table 20-2 and Fig. 20-1).

CONGENITAL  
ANOMALIES

POSTTRAUMATIC  
DEFORMITIES

DEFECTS AFTER TUMOR 
ABLATION

Craniosynostosis and 
faciocraniosynostosis

Facial clefts and related 
hypertelorism

Hemifacial microsomia
Craniofacial syndromes

Frontoorbitonasoethmoidal 
fractures

Le Fort fractures (especially Le Fort 
III fractures)

All tumors of the anterior base of 
the skull

Fibrous dysplasia

Table 20-1. Types of Craniofacial Pathology

MORPHOLOGIC DEFORMITY AFFECTED SUTURE

Trigonocephaly Metopic suture

Scaphocephaly Sagittal suture

Plagiocephaly Unilateral coronal suture

Brachycephaly Bilateral coronal sutures

Oxycephaly Sagittal and both coronal sutures

Table 20-2. Classification of Craniosynostosis
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 7. What is the main feature of faciocraniosynostosis compared with craniosynostosis?
In addition to the skull deformities, the facial involvement in pure craniosynostosis is limited to the forehead and orbital 
regions (hypotelorism or hypertelorism). In addition, faciocraniosynostosis is associated with midface hypoplasia 
characterized by centrofacial retrusion with a class III intermaxillary relation (malocclusion).

 8. Are all craniosynostoses or faciocraniosynostoses present at birth?
No. Although most craniosynostoses are congenital and present at birth as a result of a fetal sutural problem, genuine 
oxycephaly and Crouzon’s disease are delayed conditions, often appearing after 3 or 4 years of age. Because the 
synostoses appear later, the shape of the skull is different and the functional consequences, such as increased 
intracranial pressure (ICP) or visual impairment, more insidious. Increased ICP is present in at least 60% of cases of 
oxycephaly or Crouzon’s disease.

 9. What is the main functional risk of craniosynostosis?
The main functional risk is increased ICP, the consequences of which are visual loss and brain impairment.

10. In acrocephalosyndactyly (such as Apert’s syndrome), which factors may be 
associated with a better mental outcome?
Cranial remodeling (anterior and posterior) before 1 year of age and a good psychosocial environment are associated 
with a more favorable mental outcome.

11. Describe the preoperative evaluation of the craniofacial patient.
 • Analysis of the morphologic abnormality
 • Evaluation of functional risks
 • Detection of associated malformations (e.g., cerebral, cardiac)
 • Classification of any existing syndrome
 • Preparation for surgery

12. Which imaging studies are necessary before surgery?
Standard radiographs of the cephalic skeleton and a computed tomographic (CT) scan are essential before surgery. 
A magnetic resonance imaging (MRI) scan is indicated in cases of trigonocephaly because of the higher risk for brain 
abnormalities and in all syndromic patients.

A

C

E

B

D

Figure 20-1. Types of 
craniosynostosis. A, Trigonocephaly. 
B, Scaphocephaly. C, Plagiocephaly. 
D, Brachycephaly. E, Oxycephaly. 
(From Marchac D, Renier 
D: Craniofacial Surgery for 
Craniosynostosis. Boston, Little, 
Brown, 1982, with permission.)
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13. What are the principles of frontoorbital remodeling in craniosynostosis?
The forehead has two components: the supraorbital bar (or bandeau) and the forehead convexity. After being mobilized 
separately, these components are joined by resorbable or nonresorbable fixation. Reconstructive goals are tailored to the 
particular type of synostosis:

 • Symmetric advancement in brachycephaly
 • Asymmetric advancement in plagiocephaly
 • Anterior rotation and Z-plasty in oxycephaly
 • Widening in trigonocephaly

14. Compare the growth of the brain and skull in the first 2 years of life.
The size of the brain doubles in the first year of life. The anterior base of the skull has reached 70% of its adult size by 
2 years of age, whereas the cranial capacity has expanded fourfold since birth.

15. What is the main factor responsible for frontal sinus growth after frontocranial 
remodeling?
The degree of frontoorbital advancement has a significant effect on postoperative sinus growth. The degree of frontal 
sinus pneumatization correlates inversely with the amount of supraorbital bar advancement.

16. What complications are associated with craniofacial surgery? How can they be 
prevented?
Craniofacial surgery combines the disciplines of plastic surgery and neurosurgery. The complications of craniofacial 
procedures are mainly neurosurgical and necessitate postoperative management in specialized intensive care units. 
The perioperative mortality rate remains approximately 1%, depending on the types of procedures performed. The main 
complications include bleeding, coma, blindness, meningitis, intracranial hematoma, and hydrocephalus. Additional 
morbidity may result from rhinorrhea, osteitis, and resorption of bone flaps. The incidence of these complications can be 
reduced by appropriate preoperative planning and an experienced surgical team.

17. Can surgery improve the mental outcome of craniosynostotic patients?
Based on comprehensive studies of each type of pathology with comparisons between unoperated and operated 
patients as well as correlations between preoperative and postoperative status, surgery has never been shown to 
improve the mental outcome. However, surgery is preventive of mental deterioration if performed before patients are  
1 year of age.

18. What is the most common type of craniosynostosis?
Sagittal synostosis (scaphocephaly) is by far the most common type of craniosynostosis, affecting 40% to 50% of all 
cases. Metopic synostosis has became the second most frequent, with a recent increase in incidence (10% to 15%) 
with no clear explanation.

19. Is blood transfusion frequently required in craniofacial surgery?
With open techniques in young infants, the rate of transfusion reaches 99%. The use of minimally invasive techniques 
with endoscopic assistance might reduce this rate, but further complete evaluation of the results will conclude if the 
morphologic results are as good.

20. What is the mortality rate in craniofacial surgery?
The recent report of a benchmarking questionnaire in the International Society of Craniofacial Surgery (ISCFS), including 
23 craniofacial centers, indicated a range of mortality between 0% to 2%. Based on our experience with more than 
2500 operated cases, the mortality rate of all pathologies included in our series was 0.8%. Extremely severe conditions, 
such as cloverleaf skull in Pfeiffer syndrome, represented a major part.

21. Is distraction always osteogenic?
Based on the extraordinary remodeling demonstrated on the mandible by McCarthy and Molina, distraction has 
been applied to every part of the cephalic skeleton. Some areas of the skull demonstrate decreased ability to 
reossify, probably due to lesser vascularization. These areas include the zygomatic arch, and the skull after 3 years 
of age.

22. What is the current safe strategy for treatment of faciocraniosynostosis?
A two-stage strategy including early frontoorbital advancement and subsequent Le Fort III advancement is the current 
recommendation.



138 PrinciPles of craniofacial surgery

23. Is frontofacial monobloc advancement a safe procedure?
The classic frontofacial monobloc advancement (FFMA), proposed by Ortiz-Monasterio in 1978, is a risky procedure with 
high percentages of osteitis and meningitis. With distraction, FFMA is less risky, with a 6% rate of infection in our last 
series. It is a powerful tool that allows correction of extreme exorbitism as well as respiratory impairment caused by 
facial retrusion.

24. Is it possible to correct an abnormally shaped skull in an adult who has not 
undergone surgery in childhood for craniosynostosis?
Occasionally, a limited approach, such as use of an appositional implant, can be sufficient. Most of the time, however, 
frontofacial remodeling is necessary and is accompanied by the risks associated with an intracranial approach. The 
presence of the frontal sinuses and the fact that remodeling of an adult skull is more difficult can complicate the 
surgical procedures required. Nevertheless, after careful evaluation and fully informing the patient, these operations can 
be undertaken in carefully selected cases.
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CraniofaCial Embryology 21

FACIAL PROMINENCES/BRANCHIAL ARCHES

 1. The face originates from how many prominences? What are they?
The face is initially made up of five prominences: a central frontonasal prominence, paired maxillary prominences, and 
paired mandibular prominences. These initial primordial structures appear during the fourth week of development and 
surround the primitive mouth, or stomodeum, which is initially sealed off from the primitive gut by the oropharyngeal 
membrane (Fig. 21-1). The frontonasal prominence is a central process that resides at the cranial boundary of the 
stomodeum and is formed from mesenchyme ventral to the forebrain. The maxillary and mandibular prominences form 
the superolateral and inferior boundaries of the stomodeum, respectively, and are produced by neural crest cells that 
migrate from the branchial arches.

 2. Which branchial arches give rise to the five facial prominences?
The branchial arch system begins to form in the fourth week and consists of six paired arches that decrease in size 
from cranial to caudal. Each branchial arch consists of four essential tissue components (cartilage, aortic arch artery, 
nerve, muscle) that serve as building blocks for the face, neck, and oropharynx. The paired maxillary and mandibular 
prominences are derivatives of the first branchial arch. The frontonasal prominence, however, is not a derivative of the 
branchial arch system. (Of note, because the term branchial arch is traditionally used to describe the embryonic arch 
system of fish and amphibians, some authors prefer the term pharyngeal arch.)

MAXILLARY PROMINENCE

 3. What structures do the maxillary prominences give rise to?
The maxillary prominence gives rise to the upper jaw, lip (lateral to the philtral column), orbital floor, and inferior 
portion of the lateral nasal wall. Rapid growth of the maxillary prominences, along with medial nasal processes, 
during weeks 4 to 8 leads to a shift of the frontonasal process away from the stomodeum. The medial nasal 
processes fuse and give rise to the intermaxillary segment, which ultimately becomes the philtrum of the lip, 
the premaxilla, and the primary palate. The fusion plane of the medial nasal process and the maxillary process 
is often referred to as the nasal fin. Those portions of lateral nasal wall that are not derivatives of the maxillary 
prominence are formed from the lateral nasal prominences (i.e., lateral cartilage, lateral crus of the alar cartilage) 
(Fig. 21-2).

 4. What structures give rise to the nasolacrimal duct?
The nasolacrimal duct forms from a space that lies between the maxillary prominence and the lateral nasal process, 
termed nasolacrimal groove (or naso-optic furrow ). The ectoderm layer from the nasolacrimal groove forms an epithelial 
cord that subsequently undergoes canalization after birth. The resultant nasolacrimal duct extends from the developing 
conjunctival sac to the nasal cavity. Of note, failure of fusion between the lateral nasal process and the maxillary 
prominence results in an oblique facial cleft (Tessier no. 3 cleft).

MANDIBULAR PROMINENCE

 5. What structures contribute to formation of the lower jaw?
The lower jaw is formed from the bilateral mandibular prominences, which are derivatives of the first branchial arch. 
During the fourth week, these prominences are formed by proliferation of neural crest cells that migrate into the arch. As 
these structures enlarge, they merge at the midline to form the lower point of the jaw (see Fig. 21-2).

 6. By what type of ossification does the lower jaw form?
The lower jaw is formed primarily by intramembranous ossification. During early development, a cartilaginous rod forms 
along the lower jaw, which is derived from the neural crest of the first pharyngeal arch. This cartilaginous structure of 
the first branchial arch (termed Meckel’s cartilage) regresses, thereby enabling the symphysis and the ramus to form 
by membranous ossification. Meckel’s cartilage remains in the mandibular condyles, which form by endochondral 
ossification.
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Figure 21-1. Embryology of the facial prominences. (From Carlson BM: Human Embryology and 
Developmental Biology, 3rd ed. Philadelphia, Mosby, 2004.)
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 7. Does the mandible form before, during, or after development of the mandibular 
branch of the trigeminal nerve?
The first structure that develops in the primordium of the lower jaw is the mandibular branch of the trigeminal nerve. 
At 6 weeks, a mandibular ossification center arises adjacent to the neurovascular bundle. Ossification spreads around 
the inferior alveolar nerve with the persistence of a mandibular canal, foramen, and mental foramen. It is believed that the  
presence of the nerve may lead to release of neurotrophic factors that promote osteogenesis.

PALATAL FUSION

 8. What four structures contribute to the formation of the palate?
Palate formation occurs from weeks 6 to 10 and involves four primary structures: the median palatine process, a pair 
of lateral palatine processes (palatal shelves), and the nasal septum (Fig. 21-3). The median palatine process forms the 
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primary palate, which is often referred to as the premaxillary component of the maxilla. This structure ultimately houses 
the four upper incisors. The secondary palate is formed by the lateral palatine processes, which begin to fuse during the 
seventh week. Lastly, the nasal septum joins the fused palatal shelves to complete the formation of the secondary palate.

 9. Are the terms hard and soft palate synonymous with primary and secondary palate?
The distinction between hard and soft palate is different from that of the primary and secondary palate. As noted in 
Question 8, the primary palate is formed from the median palatine process, whereas the secondary palate is formed by 
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fusion of the lateral palatine processes. Anatomically, the incisive foramen marks this division point where the primary 
palate fuses with the two palatal shelves. During development, ossification occurs in the primary palate as well as 
the anterior portion of the secondary palate, which together give rise to the hard palate. The posterior portion of the 
secondary palate does not undergo ossification and therefore remains as the soft palate.

10. What is the mechanism underlying the formation of cleft palate?
Cleft palate results from incomplete or absent fusion of the lateral palatine processes, medial palatine process, or 
nasal septum. During the eighth week of gestation, the lateral palatine processes undergo a significant change in their 
orientation from a vertical to horizontal plane. Although the exact mechanism of this transition is not understood, the 
phenomenon is thought to be a critical step in initiating the fusion of the palatal shelves. The medial edges of the palatal 
shelves undergo programmed cell death and allow for coalescence, while the oral and nasal surfaces of the shelves 
remain intact. In adults, a palatine raphe can often be identified in the soft palate and indicates the fusion of the lateral 
palatine processes. Clinically, a palatal cleft may be complete (involving the entire palatal length) or incomplete. Because 
the palate fuses from anterior to posterior, an incomplete cleft will extend posterior, not anterior, to the last point of fusion.

11. What is a submucous cleft?
A submucous cleft is a phenotypic variant that results from failed midline palatal fusion. This clinical condition is 
characterized by the triad of a bifid uvula, notched posterior hard palate, and muscular diastasis of the velum (zona 
pellucida). The exact incidence of submucous cleft is not known but has been estimated to be approximately 1:1200 
to 1:6000. The majority of patients with submucous clefts are asymptomatic and do not require operative intervention. 
However, up to 15% of these patients may exhibit velopharyngeal insufficiency associated with diminished palatal 
length, mobility, and easy fatigability.

12. What is the etiology of cleft palate in Pierre Robin sequence?
Pierre Robin sequence is characterized by micrognathia (undersized jaw), glossoptosis (retracted/displaced tongue producing 
respiratory symptomatology), and cleft palate. It is thought that in these micrognathic patients, a relatively prominent tongue 
leads to mechanical interference of the lateral palatine processes during the time frame of palatal fusion. Therefore cleft 
palate may result from a delay in the transition of the palatine shelves from a vertical to horizontal orientation.

LIP FUSION

13. What is the most common mechanism underlying cleft lip?
The most common mechanism of cleft lip is failure of fusion between the maxillary prominence and medial nasal 
processes on the affected side. This can range from small notches in the vermillion to extension through the nostril and 
maxilla. Failure of the mesenchyme to merge results in a persistent labial groove, which may completely divide the lip 
into medial and lateral parts (i.e., complete cleft lip). Cleft lips may also have a small bridge of tissue along the nasal sill, 
controversially known as Simonart’s band. Bilateral cleft lips form when the maxillary prominence fails to fuse with the 
merged medial nasal processes.

14. Is the incidence of cleft palate higher in males or females? What about cleft lip?
The incidence of cleft palate is higher in females. This observation may be related to the timing of palatal shelve 
fusion, which occurs about 1 week later in females than in males, thereby prolonging the susceptibility to cleft 
formation. Cleft lip occurs more frequently in males, but the etiopathogenesis of this observation is unknown.

15. Are cleft lips more common than cleft palates?
An isolated cleft lip is less common than an isolated cleft palate (21% of cleft patients vs 33%, respectively). However, 
the most common presentation in cleft patients is a combined cleft lip and palate (46%).

CRANIOFACIAL CLEFTS

16. What is the most common classification system of craniofacial clefts?
The Tessier classification system is the most commonly used method for categorizing craniofacial clefts. The Tessier 
classification system relates soft tissue to skeletal landmarks and divides the face into an upper portion (cranial clefts) 
and a lower portion (facial clefts) based on the orbits. Facial clefts are numbered 0 through 7, and cranial clefts are 
numbered 8 through 14. The system is devised so that the facial component of the cleft and the cranial component 
always add up to 14 (e.g., 14:0, 13:1, 4:10).

17. Which craniofacial cleft results from failed fusion of the mandibular and maxillary 
prominences at the lateral commissure?
Lateral facial clefts, producing macrostomia, result from failure of the maxillary and mandibular prominences to fuse 
at the lateral commissure. This is classified by the Tessier system as a no. 7 facial cleft (temporozygomatic facial cleft). 
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The Tessier no. 7 cleft is often seen with craniofacial microsomia and Treacher Collins syndrome and can range from 
mild broadening of the oral commissure to a complete fissure extending toward a microtic ear. In extremely rare cases, 
the maxillary and mandibular prominences merge completely, resulting in a closed mouth (astomia).

18. What are the midline clefts in the Tessier system, and how do they form?
Cranial clefts of the midline are classified as Tessier no. 14 clefts and include hypotelorism as well as 
holoprosencephalic disorders (cyclopia, ethmocephaly, cebocephaly). Facial clefts of the midline are classified as Tessier 
no. 0 clefts and represent incomplete fusion of the two medial nasal processes. This rare anomaly may be referred to as 
median cleft lip but may also be associated with varying degrees of nasal bifidity. If the mandibular prominences fail 
to fuse in the midline, central defects of the chin and lower lip result (Tessier no. 30 cleft). Soft tissue deformities in this 
cleft may include notching of the lower lip and a bifid (or even absent) tongue. Skeletal involvement typically includes a 
cleft between the central incisors down towards the mandibular symphysis.

FRONTONASAL DEVELOPMENT

19. What structures give rise to the nasal cavity?
The medial and lateral nasal prominences give rise to nasal sacs, which initially are separated from the oral cavity 
by an oronasal membrane. At the end of the sixth week, the oronasal membrane begins to rupture, creating foramina 
between the nasal and oral cavities. A temporary epithelial plug exists along the nasal cavity but disappears at  
13 to 15 weeks in order to allow communication between oral and nasal cavities (primitive choanae). The primitive 
choanae initially lies posterior to the primary palate, but after development of the secondary palate it is located 
between the nasal cavity and pharynx. Other important developmental processes occurring during this time include 
formation of the turbinates (superior, middle, inferior) from the lateral nasal walls and differentiation of epithelial cells 
into olfactory neurons.

20. Do paranasal sinuses form during fetal or postnatal development?
The paranasal sinuses consist of four pairs of structures: the maxillary, sphenoidal, frontal, and ethmoidal sinuses. 
Two of these sinuses appear during fetal life; the other two appear after birth. The first of these structures to form are 
the maxillary sinuses during the third month of gestation, followed by the ethmoid sinuses during the fifth month of 
gestation. The sphenoid sinuses, which represent extensions of the ethmoid sinuses into the sphenoid bone, appear 
during the fifth month of postnatal life. The development of the frontal sinus does not begin until 2 years of age and is 
not evident radiographically until age 6 years.

CRANIAL SUTURE DEVELOPMENT/FUSION

21. What is the distinction between neurocranium and viscerocranium?
The neurocranium represents the structures that surround the brain, versus viscerocranium (or splanchnocranium), 
which surrounds the oral cavity, pharynx, and upper respiratory system and represents the skeleton of the face.

22. By what type of ossification does the neurocranium form during development?
Neurocranium is made up of the calvaria (skull) and cranial base. The cranial base begins as a cartilaginous precursor 
(chondrocranium) and undergoes endochondral ossification to form the cranial floor, which consists of occipital, 
sphenoid, and temporal bones. The calvaria surrounding the sides and top of the brain (cranial vault) forms by 
intramembranous ossification.

23. Will calvarial intramembranous bone formation occur in the absence of an underlying 
brain?
Ossification of intramembranous calvarial bones is dependent on the presence of an underlying brain. In cases of 
anencephaly (absence of brain), calvarial bones do not form.

24. What is the clinical significance of cranial sutures during fetal and adult life?
During fetal development, flexible membranous junctions, called sutures, develop between the calvarial bone 
plates. These membranous junctions allow the skull to undergo deformational changes. During birth, molding of 
the cranium occurs to allow adaptation to the pelvic cavity and is characterized by flattening of the frontal bones, 
widening of the occipital bones, and overriding of the parietal bones. After birth, the shape of the calvaria returns 
to normal within in a few days, but the cranial sutures remain open to accommodate subsequent enlargement of 
the underlying brain. Calvarial growth is most rapid during the first 2 years of postnatal life, during which time the 
greatest increase in the size of the brain occurs. Premature fusion of one or more cranial sutures (craniosynostosis) 
results in characteristic calvarial dysmorphology. Impaired cranial growth can result in elevated intracranial 
pressure.
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25. What is posterior deformational plagiocephaly, and how does it occur?
The literal translation of plagiocephaly is “oblique head,” derived from the Greek words plagio (meaning oblique) and 
cephaly (meaning head). Plagiocephaly that results from extrinsic forces (rather than craniosynostosis) is referred to 
as deformational plagiocephaly. Many believe that deformational plagiocephaly results from repeated pressure to the 
same area of the head, such as occurs with positioning of the infant during sleep. Posterior deformational plagiocephaly 
can be diagnosed based on history (when a change was noted), clinical examination (i.e., occiput flattening), 
and radiographs (patent sutures). Interestingly, the NYU group reported an increase in the incidence of posterior 
deformational plagiocephaly that was associated with the 1992 “back to sleep campaign” by the American Academy of 
Pediatrics (positioning the infant on the back or side).

26. Do the neurocranium and facial skull maintain a similar proportion during 
development?
During fetal growth, there is a predominance of neurocranium development relative to the face, approximately 8:1. This 
trend continues during early childhood, during which the cranial vault grows rapidly to accommodate the developing 
brain. At birth, the skull has achieved 25% of its ultimate size. It subsequently increases to 75% size at 2 years and to 
near-complete size by age 10 years.

27. Does the relative thickness of calvarial bone change following birth?
Calvarial bones are extremely thin at birth and during infancy. Given the thin calvaria of infants and young children and 
the lack of a diploic space, a split-calvarial bone graft cannot be harvested. At 3 years of age, only 20% of children have 
a diploic space. Clinically, surgeons may wait for a calvarial thickness of 6.0 mm prior to splitting the bone. However, 
this may not occur until approximately age 9 years, even in the thickest portion of the calvaria (the parietal bone, 
posterior to the coronal suture).

EYE

28. What structures give rise to the eye?
Bilateral lens placodes at the lateral aspect of the frontonasal prominence give rise to the eye. The underlying optic 
stalk, which ultimately becomes the optic nerve, drives the differentiation of the lens placodes into the lenses. Between 
weeks 5 and 9, the eyes migrate medially into their normal position. In neonates, an intercanthal distance of 16 mm is 
considered normal.
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Cleft lip

 1. What is the cause of a cleft of the lip and palate?
Before the first trimester of pregnancy, the five facial elements—frontonasal, two lateral maxillary, and two mandibular 
segments—fuse by mesenchymal migration to create the face and jaws. When, for whatever reason, these fusions 
are interrupted, a cleft (or clefts) results.

 2. What is the cause of clefting in a specific case?
The cause in specific cases is not known, but genetics, viral infection, lack of certain vitamins, and other factors during 
the first trimester of pregnancy may be involved.

 3. What is the anatomy of a cleft?
A cleft is not just a division through the lip and palate; it is distortion of the anatomy that may involve the lip, nose, 
septum, vomer, alveolar segments, levator palati muscles, and other structures.

UNILATERAL CLEFTS

 4. What is the key factor involved in the treatment of a unilateral cleft?
Correction of asymmetry.

 5. Summarize the evolution of unilateral cleft surgery.
For patients with a unilateral cleft lip, early surgeons merely freshened the edges of the lip cleft and approximated them 
with sutures. Later attempts were made to lengthen the lip on the cleft side with local flaps.

 6. What is the Mirault-Blair-Brown method of lip repair?
The lip length on the cleft side is increased by a triangular flap taken from the cleft side. The Cupid’s bow  
is destroyed.

 7. What is the Hagedorn-Le Mesurier method?
A rectangular flap from the cleft side is inset into a releasing incision on the noncleft side to create an artificial  
Cupid’s bow.

 8. What is the Tennison-Randall method?
A Z-plasty of the cleft lip edges that positions the Cupid’s bow but at the expense of an unnatural lip scar across the 
philtrum column and partial flattening of the philtrum dimple.

 9. What is the rotation-advancement method?
The distorted anatomy of the unilateral cleft of the lip is corrected by a rotation incision that releases lip tissue, 
including the Cupid’s bow, downward into normal symmetric position with the opposite side and advances the lateral 
lip element into the rotation gap to maintain rotation and complete the lip reconstruction. The advancement action 
assists the correction of the flaring ala, and the C-flap aids in unilateral columella lengthening. The scar of lip union 
is in the line of a natural philtrum column position, and whatever philtrum dimple is present is preserved as such 
(Figs. 22-1 and 22-2).

10. What are the most common mistakes made in the rotation-advancement method?
 • Inadequate rotation due to failure to cut back on the rotation incision.
 • Inadequate use of the lateral advancement flap by failure to pare the cleft edge sufficiently.
 • Failure to use the C-flap to reduce the cutback gap in the upper lip and to lengthen the columella on the cleft side.
 • Vertical lengthening of the entire lip by extending the cutback across the normal philtrum column.
 • Too much reduction of nostril size in incomplete clefts.
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A B C

Figure 22-1. Millard rotation-advancement unilateral cleft lip repair. A, Points 1, 2, and 3 mark the residual Cupid’s bow on the mucocutaneous 
junction. The rotation incision pares the edges of the cleft from point 3 to the base of the columella. This distance usually measures 4 to 5 mm 
compared with 10 mm on the normal (noncleft) side. B, The rotation incision hugs the columella and is carried two thirds of the way across the 
base of the columella to gain an additional 3 mm. Flap C, attached to the columella, is released from the lip. C, The backcut is placed in the lip 
at 90°, running medial and parallel to the normal philtrum column. When carried through the skin, muscle, and mucosa, this incision releases 
another 3 mm. This maneuver achieves the total of 10 mm required to match the normal side and places the Cupid’s bow in balanced position. 
(From Millard DR Jr: Cleft lip. In McCarthy JG [ed]: Plastic Surgery. Philadelphia, WB Saunders, 1990, p 2637, with permission.)
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Figure 22-2. Millard rotation-advancement unilateral cleft lip repair. A, Flap C is transposed into the backcut and sutured to add length to the 
columella. B, The highest point of the lateral lip is marked at point 6, where a tranverse incision will free the lip from the flared alar base. Because 
the pared edge of the advancement flap must match the rotation incision (3 to 4) point 7 is marked along the free edge so that 6 to 7 = 3 to 4. 
The same distance from the height of Cupid’s bow to the commissure on the normal side (2 to 5) should be marked on the cleft lip element. 
With the lateral lip under the tension necessary to close the lip, there is more running room from point 8 for positioning point 7 so that 2 to 5 = 7 
to 8. C, Flap C has been sutured into the backcut. The alar base is released from the lip. The height of the lateral lip (10 mm) equals the rotation of 
10 mm, thus matching the bow peak-to-columella base of 10 mm on the noncleft side. D, The bunched muscle of the lateral lip element is freed 
generously from the skin and mucosa so that with muscle approximation across the cleft there is no residual muscle bulge. The tip of the alar 
base is denuded of epithelium. E, The denuded tip of the alar base is sutured to the septum near the anterior nasal spine to cinch the alar flare. 
The key suture first picks up the muscle in the tip of the advancement flap and then crosses into the backcut of the rotation. F, After the alar cinch 
suture and the key lip suture have been tied, the tissues are in correct position and require only three-layer closure of the mucosa, muscle, and 
skin. (From Millard DR Jr: Cleft lip. In McCarthy JG [ed]: Plastic Surgery. Philadelphia, WB Saunders, 1990, p 2638, with permission.)
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11. What are the recent advances in unilateral cleft lip surgery?
Presurgical orthodontics using the Latham appliance to align the alveolar segments carefully so that the cleft of the 
alveolus and anterior hard palate can be closed with a gingivoperiosteoplasty. Bone grows into this area, negating the 
need for secondary bone grafting. This alveolar construction presents a symmetric platform on which definitive lip and 
nose construction can be accomplished much sooner.

12. At what age are the various stages of lip construction accomplished?
 • When the patient weighs 10 lb, the Latham appliance is inserted, and the parents turn the screw daily until the 
segments are in alignment.

 • When segments are in alignment and 2 to 3 mm apart (after 2 to 4 weeks), the appliance is removed. Two to three 
days later the gingivoperiosteoplasty and lip adhesion are performed.

 • At 6 to 7 months of age the rotation-advancement of the lip is carried out; the nasal correction is done at the same time.
 • At 18 months the remaining cleft of the hard and soft palate is closed with the von Langenbeck method or in some 
cases a Wardill-Kilner V-Y or unilateral V-Y method, depending on the defect. Minor lip and nose deformities can 
be improved at this time.

13. Why is the lip adhesion used?
Before the development of presurgical orthodontics, lip adhesion served as a crude orthodontic molding action. After 
alignment of the alveolar segments and closure of the alveolar cleft, the lip adhesion provides a gentle dressing with the 
least tension during healing. It also turns a wide complete cleft into an easier-to-correct incomplete cleft.

14. What are the key deformities in the unilateral cleft lip nose? How are they corrected?
 • A unilateral short columella is lengthened with a C-flap.
 • Deviation and distortion of the septum are corrected during presurgical orthodontics.
 • Dislocation and slumping of the alar cartilage are corrected by dissecting the medial two thirds of the alar 
cartilage and then constructing the medial crus with sutures to the normal side.

 • Flaring of the alar base is corrected with the alar cinch procedure.

15. Why is the rotation-advancement lip operation the method of choice?
 • The actions of rotation and advancement place normal tissues into normal positions, creating a symmetric Cupid’s bow.
 • Rotation and advancement position the scar of union along the philtrum column line and preserve the integrity of 
the philtrum dimple.

 • The actions of rotation and advancement aid in the nasal correction.
 • A well-executed rotation-advancement is capable of producing an aesthetic result.
 • When the method is not done correctly, it is still possible to achieve a satisfactory secondary result without great 
difficulty. The rotation-advancement method avoids the interlocking of little flaps that are impossible to unscramble.

BILATERAL CLEFTS

16. What are the specific deformities in a bilateral cleft?
 • In the complete bilateral cleft the premaxillary vomer segment has not fused with the lateral maxillary segments 
so that the premaxillary vomer segment grows forward unimpeded to jut far ahead of the lateral segments.

 • There is a shortage of skin tissue in the vertical length of the frontonasal component as measured from the nasal 
tip to the inferior border of the prolabium, particularly in the columella. This shortage is due to lack of stretch 
during normal embryogenesis.

 • Patients have no important muscle in the prolabium, no philtrum columns or dimple, and no Cupid’s bow.
 • The alae are spread wide; the alar cartilages are dislocated from their mates in the tip and slump along the alae; 
and the columella is short to nonexistent, which causes the nasal tip to be depressed.

17. What one aspect of the bilateral cleft is sometimes an advantage?
Symmetric bilateral clefts at least have symmetry. Asymmetric bilateral clefts vary in their symmetry.

18. Summarize the evolution of bilateral cleft surgery.
 • To ease bilateral cleft lip closure, early surgeons amputated the premaxilla, which produced an oral cripple.
 • Early surgery by Brophy used a circumferential wire to encircle the three maxillary elements and crunch them 
together to facilitate cleft lip closure. This technique affected normal maxillary growth, a problem discovered and 
criticized by Pruzansky. Berkowtiz, a student of Pruzansky, still harbors fear of early surgery.

 • Closure of the lip over the premaxillary prominence caused ventroflexion of the septum.
 • Modern alignment of these segments is designed to ease the premaxilla back into the arch, much like sliding 
a drawer. Many surgeons use presurgical orthodontics to align the maxillary segments. Georgiade and Latham 
devised a method of retracting the premaxilla. Latham later refined the method with two-pin and chain traction on 
the projecting premaxilla, along with bilateral spreading of the collapsed lateral maxillary segments, to achieve a 
reasonable atraumatic alignment of the arch.
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19. How is maxillary alignment maintained?
A bilateral gingivoperiosteoplasty creates a mucoperiosteal tunnel across each side of the cleft as the alveolar clefts 
and the floor of the nose are closed. This technique allows bone to grow across the cleft and prevents the need for later 
secondary bone grafting.

20. What is the major risk of early alveolar construction?
In a few cases some retrusion of the premaxilla has been noted.

21. Can this risk be avoided?
As experience with this orthopedic approach increases, the premaxillary retrusion can be prevented, reduced, and 
certainly corrected, often with mere orthodontic treatment.

22. What are the advantages of early orthodontic manipulation and 
gingivoperiosteoplasty of the alveolar cleft?

 • Obliteration of fistulas.
 • Creation of a bony bridge across the cleft that later will accept teeth and prevents the need for secondary bone grafting.
 • Construction of a stable symmetric platform that enables earlier definitive correction of the lip and nose. This 
technique enables the surgeon to correct the deformity by 4 years, before the age of memory.

23. How are the soft tissues treated in bilateral clefts?
 • Some methods focus entirely on joining the lateral lip elements to the prolabium with no concern for the nose (Manchester).
 • Some methods treat both lip and nose.

24. What is the key to correction of the nose?
 • Some surgeons acknowledge that the columella is short and requires skin lengthening (Carter, Cronin).
 • Some surgeons have devised methods to achieve columella length from above (Mulliken, Trott, Mohan).

25. What is the best method of action?
 • In patients in whom some columella is present and in persons of races that require minimal columella length, it 
may be possible to get by without introducing new skin.

 • Approximately 50 years ago, Gensoul took a V-Y flap from the center of the prolabium to lengthen the columella, 
but this technique made three vertical scars in the lip.

 • In patients with little or no columella, a forked flap taken from excessive prolabium skin and scar will provide the 
extra skin to release the depressed nasal tip.

26. How is the forked flap used?
 • The forked flap can be used as a secondary procedure to narrow a wide prolabium, to revise bilateral lip scars, 
and to construct a columella.

 • The flap can be taken from the prolabium after 1 to 2 years of stretching and banked in whisker position under the 
alae before it is advanced into the columella. This advancement is best done at approximately 4 years of age. At this 
time the alar cartilages can be freed and joined to each other in the tip to reconstruct the medial crura. The alar bases 
can be cinched for final correction of the bilateral nasal deformity.

27. How is the lip of a bilateral cleft closed?
At the time of gingivoperiosteoplasty, the lip adhesion involves approximating the sides of the freshened prolabium 
to the lateral lip elements. The lateral lip elements are freshened by the turndown of mucocutaneous flaps from their 
sides. The lateral mucocutaneous flaps are used to overlap the turndown of inferior prolabium vermilion. This technique 
provides several bonuses. The unnatural prolabium vermilion is turned out of view, and a natural-looking Cupid’s bow is 
created that helps to camouflage the bilateral deformity (Fig. 22-3).

At the time of palate closure at 18 months the prolabium usually has stretched enough to spare easily a forked flap that 
is banked in the whisker position beneath the alae. At the time of advancement of the banked forked flap from whisker 
position at 4 years, the nasal tip is released, the alar cartilages are freed and sutured to reconstruct the medial crura, 
and the columella is lengthened.

28. What is important to the future treatment of clefts?
Genetic engineering probably will have more impact in preventing the deformity than in utero surgery in correcting the 
deformity.
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Figure 22-3. Millard bilateral cleft lip repair. A, The philtrum is outlined 
with a turndown flap of prolabial vermillion; the lateral prolabial tissues 
become the forked flaps. Circumalar marks design the alar base flaps; lateral 
lip marks show the turndown of vermillion flaps, carrying the white roll of 
the mucocutaneous junction. B, The lateral mucosa and muscle are sutured 
together behind the prolabium, which has been elevated temporarily. C, The lip 
has been approximated, a slight excess of vermillion flaps created a tubercle. 
The fork flaps are sutured end-on to the alar base flaps; their raw surfaces 
are approximated to form a mound in the floor of the nose for future columella 
lengthening. (From Millard DR Jr: Cleft lip. In McCarthy JG [ed]: Plastic Surgery. 
Philadelphia, WB Saunders, 1990, p 2684, with permission.)
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Cleft Palate 23

 1. What is a cleft palate?
It is a failure of the two halves of the roof of the mouth, or palatal shelves, to join in the midline and fuse. The cleft may 
involve the soft palate or both soft and hard palates.

 2. Explain the terms primary and secondary palate, and prepalatal and palatal structures.
The incisive foramen, which is located behind the incisor teeth, is the site where the lateral maxillary bones meet the 
midline premaxilla. A cleft lip usually involves structures anterior to the incisive foramen, such as the alveolus, lip, and 
nasal tip cartilages, as well as the floor of the nose. These structures usually are referred to as the structures of the 
primary palate or prepalatal structures. They may be cleft unilaterally or bilaterally.

The structures posterior to the incisive foramen, including the hard palate, soft palate, and uvula, usually are referred 
to as the secondary palate or palatal structures. Thus the incisive foramen separates the primary (prepalatal) and 
secondary (palatal) structures.

 3. What is the premaxilla?
The premaxilla is the alveolar segment of the maxilla that includes the nasal spine and four incisor teeth. It is located 
centrally and anterior to the incisive foramen.

 4. When is a cleft palate associated with a cleft lip? What is the overall incidence?
The most frequent combination is a unilateral cleft of the lip and palate, which is seen more often in boys than girls, 
predominantly on the left side. The hereditary incidence is fairly high. The next most frequent cleft—of the palate 
alone—is seen more frequently in girls; the hereditary incidence is fairly low. In whites, the incidence is approximately 
1.4:1000 live births; in blacks, it is approximately 0.43:1000; and in Asians, it may be as high as 3.2:1000. The 
most common cleft is a cleft uvula, or bifid uvula, which has an incidence of approximately 2%. Most cases are 
asymptomatic; however, when it is associated with a submucosal cleft of the palate, as many as 20% of patients may 
have some degree of velopharyngeal incompetence.

 5. How can clefts be classified?
Clefts can be described as complete (i.e., penetrating all the way through the structures) or incomplete. Prepalatal clefts 
or clefts of the primary palate also should be described as unilateral (right or left) or bilateral; they may be described 
even further as involving one third, two thirds, or three thirds (complete) of the vertical height of the lip. Similarly, palatal 
clefts may be described as involving one third, two thirds, or three thirds of the soft palate and one third, two thirds, or 
three thirds of the hard palate, extending up to the incisive foramen.

A submucosal cleft palate is not an overt cleft. The levator muscle fibers fail to fuse completely in the midline, often 
leading to velopharyngeal incompetence. A thin area, called a zona pellucida, is often seen centrally at the site at which 
the muscle is lacking. A notch often can be palpated at the posterior edge of the hard palate, which normally has a 
palpable prominence or posterior nasal spine. Patients often have a bifid uvula, which may be a simple bilobed uvula or 
a completely split uvula.

A bifid uvula, seen in 2% of the normal American population, may be associated with palatal incompetence; patients 
should be followed for possible speech problems. A congenital absence of the muscularis uvulae also may occur with or 
without a bifid uvula and is often associated with palatal incompetence (Fig. 23-1).

 6. What is the etiology of cleft palate?
Cleft palate is believed to be a multifactorial defect; a cleft can be caused in many different ways. A high incidence of clefts 
in some families suggest a genetic etiology. Clefts may be associated with syndromes such as Stickler syndrome, fetal 
alcohol syndrome, velocardiofacial and DiGeorge syndromes (22q11.2 deletion ), Van der Woude syndrome, ectodermal 
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dysplasias, and trisomies. Experimentally, clefts have been induced by a number of agents, including alcohol, insulin, 
tretinoin, corticosteroids, anticonvulsants, phenobarbital, carbon monoxide, salicylates, oxygen deficiency, arabasine, and 
possibly smoking. Other factors probably exist. In any one case, identifying a single cause usually is difficult.

 7. How does a primary or prepalatal cleft form?
Primary clefts result from a lack of mesenchymal development. The mesenchymal islands—one central and two lateral—
normally develop and fuse. Lack of development of one of the three islands results in an unstable condition with ectoderm 
of the skin in contact with ectoderm of the oral mucosa; complete or incomplete breakdown occurs at this point.

 8. Why are left-sided secondary or palatal clefts more common than right-sided 
clefts?
In the 7-week-old embyro, the two palatal shelves lie almost vertically. Normally, the neck straightens from its flexed 
position, the tongue drops posteriorly, and the shelves rotate superiorly to the horizontal position; they fuse from anterior 
to posterior to form the intact palate by 12 weeks. In rodents, the right palatal shelf reaches the horizontal position 
before the left one, leaving the left side susceptible to developmental interruption for a greater period than the right side. 
This may account for the greater incidence of left-sided clefts.

 9. What is Simonart’s band?
A cleft of the primary palate is often bridged by a band of lip tissue—Simonart’s band. Some regard this band of tissue 
as the result of a healing process after breakdown of the lip elements. Others propose that Simonart’s band may result 
from partial formation of the epithelial wall.

10. Which muscles are the most important for achieving velopharyngeal closure?
The levator palatini muscles pull the middle third of the soft palate superiorly and posteriorly to produce firm contact 
with the posterior pharyngeal wall at about the level of the adenoidal pad (Fig. 23-2).

11. Do any other muscles contribute to velopharyngeal closure?
Absolutely. The paired palatopharyngeus muscles pull the soft palate posteriorly; the muscularis uvulae cause the uvula 
to thicken centrally with contraction, and the superior pharyngeal constrictor muscles move the lateral pharyngeal walls 
medially or the posterior pharyngeal wall anteriorly with contraction.
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Figure 23-1. Millard’s modification of Kernahan’s and Elsahy’s striped Y classification for cleft lip and palate. The small circle indicates the 
incisive foramen. The triangles indicate the nasal tip and nasal floor. (From Randall P: Cleft palate. In Smith JW, Aston SJ [eds]: Grabb and 
Smith’s Plastic Surgery, 4th ed. Boston, Little, Brown, 1991, p 291, with permission.)
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12. What is the most important anatomic abnormality seen with a cleft palate?
Disorientation of the levator palatini muscles, which normally join in the midline with a transverse orientation and insert into 
the palatal aponeurosis at approximately the middle third of the soft palate. In the case of a cleft, the muscles are much 
more longitudinally oriented and insert into the posterior edge of the palatal bone and along the bony cleft (Fig. 23-3).

13. What is an intravelar veloplasty?
Kriens first emphasized the abnormal orientation of the levator palatini muscles and the need to detach them from their 
abnormal insertion and reorient them in a transverse direction. Suturing the muscles in an overlapping fashion rather 
than end to end produces a tighter levator sling.

14. What is Passavant’s ridge?
During gagging, the forceful contraction of both the levator palatini muscles and the superior pharyngeal constrictors 
may produce a bulge or ridge on the posterior pharynx above the arch of the atlas—Passavant’s ridge. This ridge also 
may be associated with velopharyngeal incompetence as a compensatory mechanism to assist with velopharyngeal 
closure.

15. How can a mother know if her child has a cleft palate?
Before modern ultrasonography, the cleft probably was first identified by the obstetrician or pediatrician. The mother 
may or may not directly observe the cleft; instead, her only clues may be the child’s poor-to-absent ability to build 
suction along with regurgitation of milk into the nose. Under the right conditions, some clefts of the palate may be 
detected prenatally by ultrasound even before 18 weeks’ gestation. Many clefts involving the lip are diagnosed by this 
method.

16. How should a mother feed a child with a cleft palate if the child cannot suck?
Most children born with a cleft demonstrate normal sucking motions, but the mother should know that the prime 
difficulty is inability to build up adequate suction. Usually the ability to swallow is not impaired. The child should be held 
in a head-up position at about 45° and usually can be bottle-fed with a preemie nipple that has additional cross-cuts 
in the end. A plastic bottle that can be squeezed or a bulb syringe with a nipple can deliver too much milk and cause 
choking. The baby can be expected to swallow more air and to need more burping, but with good delivery of milk a long 
time should not be required for each feeding. Regurgitation through the nose may be expected because of the deficiency 
of the palatal midline tissues.

Levator palatini m.

Soft palate

Hard palateA B

Figure 23-2. The levator muscles 
pull approximately 45° superiorly 
and posteriorly. A, At rest.  
B, After contraction. (From Randall 
P, LaRossa D: Cleft palate. In 
McCarthy JG [ed]: Plastic Surgery. 
Philadelphia, WB Saunders, 1990, 
p 2727, with permission.)
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Figure 23-3. Musculature 
of the soft palate. A, Normal 
musculature. The levator 
muscles are oriented 
transversely and insert in the 
palatine aponeurosis in the 
midportion of the soft palate. 
B, Cleft musculature. The 
levator muscles are oriented 
more longitudinally and insert 
on the posterior edge of 
the palatal bone and along 
the bony cleft edges. (From 
Randall P, LaRossa D: Cleft 
palate. In McCarthy JG [ed]: 
Plastic Surgery. Philadelphia, 
WB Saunders, 1990, p 2726 
and 2730, with permission.)
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A B C D

Figure 23-4. The von Langenbeck operation. A, Flap design. B, The lateral relaxing incisions are made, and the 
mucoperiosteal flaps are elevated. C, The nasal mucosa is closed and the muscles sutured together after detachment 
from their insertions. D, The oral closure. (From Randall P, LaRossa D: Cleft palate. In McCarthy JG [ed]: Plastic Surgery. 
Philadelphia, WB Saunders, 1990, p 2743, with permission.)

17. Who should evaluate a newborn with a cleft palate?
Ideally, a newborn with a cleft should be seen by the surgeon who ultimately will repair the cleft so that he or she can 
discuss the entire spectrum of care with the parents. Introduction to key people on the cleft palate team is advisable so 
that parents can identify the respective roles of each; hence early intervention is facilitated. Instructions for adequate 
feeding and airway protection are most important. Introduction to parental support groups is helpful.

18. What disciplines should be available on a cleft palate team?
The team should include a pediatrician, a surgeon experienced in cleft management, a speech pathologist, a pediatric 
otolaryngologist, a well-versed orthodontist, a pediatric dentist, and an audiologist. The team also should have access to 
a geneticist, a prosthodontist, an ophthalmologist, a clinical psychologist and/or psychiatrist, a physical anthropologist, a 
social worker, and a nurse experienced in cleft problems.

19. What are the major sequelae of an unrepaired cleft palate?
Initially, the main problems are an inability to build up suction and nasal regurgitation. The patient usually has poor 
eustachian tube function, which may lead to fluid in the middle ear space, and is prone to recurrent otitis media. 
Breathing may be a major problem, particularly if the chin is short and the tongue falls backward, causing inspiratory 
obstruction as in Pierre Robin sequence. Speech may be significantly affected in the unrepaired or repaired incompetent 
palate, including hypernasality with vowel sounds and distortion of the pressure consonants. With involvement of the 
alveolar ridge, the adjacent teeth usually are angled into the cleft and may be malformed or absent. Dental caries and 
severe malocclusion may be present or develop.

20. At what age should the palate be surgically repaired?
Most authorities concur that repair is best performed by 12 months of age. Some data indicate a slight improvement 
with closure at 3 to 6 months of age, although other reports show no additional benefit. Most agree that closure should 
be complete before 18 months of age.

21. What is the benefit of earlier closure?
The greatest benefit is better speech. Even with babbling, a child is learning to articulate. If speech develops before 
closure of the palate is complete, the child usually has difficulty in building up pressure for the production of sounds 
such as P and T. He or she will have even more trouble controlling sustained pressure for the production of sounds such 
as S and SH. As a result, the child may develop speech in which these sounds are missing or distorted. Alternatively, the 
child may develop what is called compensatory articulation, such as the glottal stop and pharyngeal fricative.

22. What is the von Langenbeck operation?
Described in 1859, the von Langenbeck operation remains a reliable method of cleft palate repair. It involves elevation 
of large mucoperiosteal flaps from the hard palate with midline approximation of the cleft margins of both hard and soft 
palates with long, relaxing incisions laterally. The levator muscles are completely detached from their abnormal bony 
insertion, and the soft palate musculature is repaired in the midline. A palatal lengthening procedure is not included in 
this operation (Fig. 23-4).

23. What is the Furlow double-opposing Z-plasty technique?
This procedure consists of two Z-plasties of the soft palate, one on the oral mucosa and the other in the reverse 
orientation on the nasal mucosa. The levator muscle on one side is included in the posteriorly based oral mucosal 
Z-plasty, whereas the levator muscle from the opposite side is included in the posteriorly based nasal mucosal 
Z-plasty flap (Fig. 23-5). The hard palate cleft is closed using a vomer flap (see Question 25). This procedure 
reorients the malpositioned levator muscles, permits overlap of the muscles, and produces some degree of palatal 
lengthening.



155CraniofaCial Surgery i—Congenital

24. What is the Wardill-Kilner-Veau operation?
The Wardill-Kilner-Veau operation is a V-Y advancement of the mucoperiosteum of the hard palate, designed specifically 
to lengthen the palate in the anteroposterior plane at the time of primary palatoplasty. As a result of the V-Y lengthening, 
bare membranous bone is left exposed in the area from which the flaps were advanced. These areas granulate and 
epithelialize within 2 to 3 weeks but remain areas of fibrous scar and may contribute to subsequent maxillary growth 
disturbances (Fig. 23-6).

25. What is a vomer flap?
Hard palate closure can be performed by elevating a wide superiorly based flap of nasal mucosa from the vomer. With 
bilateral clefts, vomer flaps can be obtained from each side of the vomer. This technique prevents the need for elevating 
large mucoperiosteal flaps from the hard palate and the potential risk of resultant maxillary growth disturbances.

26. Is there an alternative to surgical repair?
In rare instances in which the patient has a medical condition that makes surgery or general anesthesia too risky, a 
dental prosthesis is a possible alternative. Older children (age 15 years and older) in developing countries, for example, 
can be managed with a prosthesis if dental services are available.

27. What is velopharyngeal incompetence? How soon after surgery should a child be 
evaluated for velopharyngeal incompetence?
Velopharyngeal incompetence (VPI) is the inability of the soft palate to make contact with the posterior pharyngeal wall 
(i.e., velopharyngeal closure) during speech, resulting in air escape through the nose and hypernasality. Evaluation of 
palatal function is an ongoing process that should begin as speech development occurs and continue through puberty. 
Usually, incompetence can be diagnosed by 4 or 5 years of age and occasionally earlier.

28. Who should decide to operate on an incompetent palate?
This decision usually is made by a competent speech pathologist in conjunction with the surgeon. Even though the 
trained ear probably is the most accurate way to assess incompetence, if surgery is contemplated, dynamic assessment 
of palatal function usually is advisable. Assessment can be done through multiplane videofluoroscopy or nasoendoscopic 
examination. Additional studies of pressure flow or objective nasal resonance measurement also may be helpful.

29. What can be done about residual speech problems after cleft palate repair?
A number of approaches can be used. With minor incompetence or inconsistent incompetence, speech therapy alone 
may succeed in improving speech. More often, a secondary operation is necessary, such as a posterior pharyngeal flap 
or sphincter pharyngoplasty. With minimal incompetence, a palatal lengthening operation or a procedure to advance the 
posterior pharyngeal wall may be advised. Some cases can be managed with a prosthesis that simply lifts the palate 
into a more competent position to permit velopharyngeal closure or obturates the defect.

A B C D

Figure 23-5. The Furlow double Z-plasty operation. A, Flap design. B, Oral and ansal mucosal Z-plasty flaps are 
elevated. C, The nasal mucosal closure. D, The oral mucosal closure. The soft palate has been lengthened and the 
levator muscles properly oriented. (From Randall P, LaRossa D: Cleft palate. In McCarthy JG [ed]: Plastic Surgery. 
Philadelphia, WB Saunders, 1990, p 2740, with permission.)

A B

Figure 23-6. The Wardill-Kilner-Veau operation. A, 
Flap design. B, V-Y lengthening leaves an exposed 
bare area of bone after closure. (From Randall P, 
LaRossa D: Cleft palate. In McCarthy JG [ed]: Plastic 
Surgery. Philadelphia, WB Saunders, 1990, p 2744, with 
permission.)
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30. Why do children with palatal clefts have ear problems?
The levator veli palatini and tensor veli palatini muscles insert to some extent on the eustachian tube. Both probably 
are responsible for competence of the tube in preventing reflux from the nasopharynx into the eustachian tube as well 
as for opening the tube to equalize pressure in the middle ear. With impaired ability to equalize middle ear pressure, 
infants with clefts usually have fluid in the middle ear space, and the fluid soon becomes thick and viscous. Untreated, 
this condition leads to an increase in the incidence and severity of otitis media. Treatment consists of myringotomies, 
evacuation of the fluid, and insertion of indwelling ventilating tubes as well as vigilance for otitis media. Palate repair 
seems to reduce ear problems, but children whose ear problems have been neglected frequently have a high incidence 
of permanent hearing loss.

31. What is the likelihood of a cleft in another child from the same parents?
The likelihood depends on a number of factors, but generally, if there is no known teratogen or first-degree relative with 
a cleft, the likelihood in the Caucasian population is approximately 0.14%. If a first- or second-degree relative has a 
cleft, the likelihood increases to approximately 5%; if two first- or second-degree relatives have a cleft, the likelihood 
increases to 15% to 25%.

32. Is there a way to decrease the incidence of clefts?
Other than avoiding exposure to known teratogens, the answer is not clear. Folic acid taken during pregnancy has 
been shown to decrease the incidence of spina bifida, and some believe that it also decreases the incidence of clefts. 
However, this theory has not been generally accepted and remains an area of investigation.
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 1. In a newborn infant with cleft lip and palate, what are the number and the timing of 
surgical procedures that can be anticipated?
Primary unilateral or bilateral cleft lip repair is generally performed at 3 months of age. In infants with wide complete 
clefts, some authors advocate that lip adhesion be performed first to help narrow the width of the alveolar cleft(s) 
if nasoalveolar molding or Latham appliances are not available. If close approximation of the alveolar segments is 
present, gingivoperiosteoplasty can be performed at the time of primary lip repair. Some authors eschew any surgical 
manipulation of the cleft lip, gingival elements, or periosteum other than the primary lip repair.

The best chance for normal speech and growth results when cleft palate closure is performed between 6 and 12 months 
of age, with most authorities believing that closure should be complete before 18 months of age. Because of abnormal 
eustachian tube anatomy in cleft palate patients, serous otitis media is almost universally present, and close ear, nose, 
and throat (ENT) follow-up and pressure equalization tube placements are routine. Lip/nose revision may be indicated at 
5 to 7 years of age based on the aesthetics of the primary lip repair, and velopharyngeal surgery may be needed based 
on the assessment of the speech pathologist and nasopharyngoscopic examination.

Following orthodontic evaluation and care, alveolar cleft bone grafting is routinely performed between 6 and 9 years 
of age. Orthognathic surgery to correct skeletal malocclusion and midface deficiencies may be necessary at the 
completion of facial growth, after which definitive cleft lip septorhinoplasty may be performed. As such, under the 
best of circumstances, a minimum of three surgeries (lip repair, palate repair, and alveolar cleft bone grafting) can be 
anticipated. In a series of 67 patients, Cohen et al. reported an average of 6.12 operations per patient for unilateral cleft 
lip and palate and 8.04 operations per patient for bilateral cleft lip and palate.

Sequence of Cleft Lip and Palate Repair

1. Cleft lip repair at 3 months
2. Cleft palate repair at 10 to 18 months
3. Lip revision/secondary palate surgery as needed
4. Alveolar cleft bone grafting at 6 to 9 years of age
5. Orthognathic surgery and definitive cleft lip septorhinoplasty at completion of growth

 2. What are the etiologies of residual lip deformities following primary cleft lip repair?
Vermilion–White Roll Junction Deformities: At the white roll–vermilion border, notching or peaking of the vermilion can 

occur secondary to scar contracture or due to inadequate rotation of the philtral unit. Inaccurate alignment of the 
medial and lateral white roll can also result in a mismatch at this level. In bilateral cleft lip repairs, preservation of the 
prolabial and lateral element white rolls can result in the “triple line” effect of the prolabial white roll, scar, and lateral 
white roll underneath.

Cupid’s Bow/Philtral Unit Deformities: In unilateral repairs, incomplete rotation of the philtral unit with the 
 rotation-advancement repair (i.e., Millard repair) is the primary cause of Cupid’s bow deformities, resulting in the short 
lip deformity. Short lip can also result from significant contracture of the upper lip scar. Long lips are more frequently 
seen with the now outdated Tennison or Z-plasty lip repairs. In a rotation-advancement repair, excess curvature of the 
rotation incision will result in a philtral unit that is too rounded, and too little curvature will appear abnormal and result 
in a short lip. In bilateral cleft lip repair, generally performed between 3 and 6 months of age, designing the philtral unit 
wider than 4 to 6 mm will result in a wide lip deformity as the philtral skin stretches over time.

Tight Lip:  This is most often seen in bilateral clefts or wide unilateral cleft lips not treated with presurgical orthopedics, 
in which the orbicularis oris and skin elements are brought together under significant tension. It is also seen with 
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poor surgical planning, in which excessive lateral or medial lip skin, vermilion, and mucosa may have been discarded 
due to misidentification of the medial and lateral element high points.

Vermilion Deficiency: In unilateral repairs, incomplete release and advancement of the mucosa and vermilion, facilitated 
by  gingivobuccal sulcus incisions, can result in a notch or “whistling deformity” at the junction of the medial and  lateral 
 element vermilion. In bilateral repairs, preservation of the prolabial vermilion will result in the whistling deformity, which can 
also be seen when the lateral element vermilion is placed under excess tension when advanced beneath the prolabial skin.

Mucosal Deficiencies: This is most often seen in bilateral deformities, when the prolabial vermilion, always deficient, is 
used to recreate the upper lip sulcus. It can also be seen in wide unilateral clefts and is often a result of poor plan-
ning or technique.

 3. When and how should deformities of the vermilion–white roll junction be 
addressed?
Mild scar contracture within the first 6 months of a primary cleft lip repair is not uncommon. Scar maturation and 
relaxation should resolve any vermilion–white roll junction deformities in a properly performed repair. When performed 
by an experienced cleft surgeon, the scars and asymmetries will vary over the first few years following cleft lip repair. 
No revisions should be considered until prior to the start of school at 5 years of age. For vermilion–white roll junction 
asymmetry less than 2 mm, a diamond-shaped excision and realignment can be performed. Z-plasty revisions should 
be avoided because they place scars on the lip that do not fall along anatomic landmarks. For discrepancies in the 
vermilion–white roll junction greater than 3 mm, the asymmetry is the result of inadequate philtral rotation during 
primary unilateral cleft repair. Such repairs should be taken down and repeat rotation and advancement performed with 
adequate philtral rotation and proper muscle reapproximation and resuturing.

 4. What treatment options are available for midline vermilion deficiencies?
Mild vermilion deformities can be addressed with a dermofat graft placed under the vermilion, harvested from an iliac 
crest donor site scar (if present), or by autogenous fat grafting as described by Coleman. More severe deformities where 
scarring prevents expansion of the vermilion where it is most needed and compromises revascularization of a dermofat 
or fat graft need to be addressed with a midline vermilion-only Abbe flap for vermilion deficiencies. A conventional 
midline Abbe flap, reconstructing the entire philtral unit with lower lip midline skin and vermilion, is most often used in 
bilateral cleft lip deformities when both the vermilion and philtral skin are deficient.

 5. When should secondary cleft septorhinoplasty be performed?
The timing of cleft septorhinoplasty is subject to multiple differences of opinion. In our opinion, primary rhinoplasty 
techniques performed at the time of lip closure should not include dissection involving the septum because 
significant nasal and maxillary growth disturbances can be seen with septal disruption prior to the completion of 
facial growth. Anderl and others advocate anterior septal work at the time of primary lip repair. Primary rhinoplasty, 
which repositions the cleft side lower lateral cartilage into proper anatomic location, can be performed with limited 
dissection, thereby minimizing the effects of scar on the growing alar cartilages. As mentioned in Question 1, definitive 
secondary cleft septorhinoplasty should be performed (1) at the completion of facial growth and (2) following all 
necessary alveolar cleft bone grafting, orthodontia, and orthognathic surgeries to reposition the maxilla. The sliding 
flap cheilorhinoplasty, as described by Vissarionov (1989) and modified by Wang and Madorsky (1999), allows for 
equalization of the dome tip points, improved nostril symmetry, and replacement and reconstruction of the deficient 
vestibular skin on the cleft side.

Secondary Palatal Procedures

1. Furlow palatoplasty
2. Sphincter pharyngoplasty
3. Pharyngeal flap
4. Posterior wall implant

 6. What are the etiologies of palatal dysfunction following primary cleft palate  
repair?
Palatal Fistulae:  The reported recurrence rate of palatal fistulae following primary repair ranges between 6.8% and 37%. 

Palatal fistulae can develop secondary to
 • Mechanical forces such as fingers or hard objects placed in the mouth in the early postoperative period. 
Some surgeons advocate arm restraints in the early postoperative period to help prevent objects being placed 
in the mouth by infants and toddlers.

 • Excess tension from incomplete mobilization of the palatal mucosa resulting in devascularization and wound 
dehiscence.

 • Infection resulting in wound dehiscence.
 • Resorption of excess suture material.
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Velopharyngeal Insufficiency:  Incomplete closure of the soft palate against the posterior nasopharyngeal wall following 
 primary palatoplasty can occur secondary to
 • A congenitally short palate despite an adequate cleft palate closure.
 • Excessive scarring in the velum following palatal repair.
 • Improper reapproximation of the soft palate musculature at the time of primary repair.
 • A large, deep nasopharynx as seen in velocardiofacial syndrome.
 • Cleft palate repair in which there is a significant postadenoidectomy defect.
 • Cleft palate in association with neurologic dysfunction.

 7. What techniques are available for assessing velopharyngeal insufficiency?
Both direct and indirect techniques are available. Direct techniques, involving visualization of the nasopharynx and 
velopharyngeal closure, include nasopharyngoscopy and multiview videofluoroscopy. Indirect techniques, which qualitatively 
or quantitatively describe the sequelae of velopharyngeal insufficiency, include voice and resonance assessments by speech 
language pathologists and nasometer evaluation to assess the ratio of oral to nasal airflow (Figs. 24-1, 24-2, and 24-3).

 8. What patterns of velopharyngeal closure are commonly seen in cleft palate patients 
with velopharyngeal insufficiency? What is the treatment of each?
Four patterns are most commonly seen with nasopharyngoscopy in cleft palate patients with velopharyngeal 
insufficiency (Figs. 24-4 through 24-9):

1. Active velar elevation with little lateral pharyngeal and posterior pharyngeal wall movement, in which the soft palate fails 
to reach the posterior pharyngeal wall, resulting in a long, slit-like gap from lateral pharyngeal wall to lateral pharyngeal 
wall. These patients are best treated with a sphincter pharyngoplasty such as a modified Hynes pharyngoplasty, where 
bilateral palatopharyngeus/posterior tonsillar pillar flaps are transposed horizontally to a transverse incision made at the 
junction of the posterior pharyngeal mucosa and adenoid tissue, at the level of the atlas.

2. Active lateral pharyngeal wall movement to the midline with little to no velar or posterior pharyngeal wall 
movement, resulting in vertically oriented slit-like insufficiency. These patients are best treated with a superiorly 
based pharyngeal flap, with the width tailored to the size of the transverse defect.

3. Active contribution to velar closure from the velum and lateral pharyngeal walls, with the lateral walls squeezing 
around the midline of the velum, resulting in a small midline gap. This occurs secondary to deficient midline 
muscle bulk in the velum. These patients benefit from Furlow palatoplasty for improving muscle reapproximation 
in the velum and lengthening the palate to help obturate the midline defect, performed alone or in combination 
with a small superiorly based pharyngeal flap that can be placed at the time of Furlow palate revision.

Figure 24-1. Pushback pharyngeal flap elevation 
and inset. Following elevation of the superiorly based 
pharyngeal flap and elevation of the hard palate mucosa 
with division of the soft palate aponeurosis, a Robinson 
catheter is passed through the junction of the palatal bone 
and soft palate and sutured to the tip of the pharyngeal flap. 
(From Jobe R: The pharyngeal flap-pushback procedure. 
Oper Tech Plast Reconstr Surg 2:245–249, 1995.)
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Figure 24-3. Pushback pharyngeal flap elevation and 
inset. Final result, with pharyngeal flap inset into the 
pushback defect between the back of the hard palate and 
front of the soft palate; this achieves effective lengthening 
of the palate and obturation of the central gap without 
tethering the soft palate. (From Jobe R: The pharyngeal 
flap-pushback procedure. Oper Tech Plast Reconstr Surg 
2:245–249, 1995.)

Figure 24-2. Pushback pharyngeal flap elevation and 
inset. The Robinson catheter, sutured to the tip of the 
pharyngeal flap, is removed, elevating the flap onto the 
dorsal surface of the hard palate mucosa, and is sutured 
in place with a through-and-through suture. (From Jobe R: 
The pharyngeal flap-pushback procedure. Oper Tech Plast 
Reconstr Surg 2:245–249, 1995.)



Uvula retracted

Tonsil

Anterior column
(palatoglossus m.)

Posterior column
(palatopharyngeus m.)

Figure 24-4. Sphincter pharyngoplasty. 
Mouth gag in place, showing location of 
posterior column (palatopharyngeus muscle) 
for sphincter fabrication. (From Kawamoto HK: 
Pharyngoplasty revisited and revised. Oper 
Tech Plast Reconstr Surg 2:239–244, 1995.)

A

Figure 24-5. Sphincter 
pharyngoplasty. Placement of 
anterior incision (A) between 
posterior pillar and tonsillar fossa. 
(From Kawamoto HK: Pharyngoplasty 
revisited and revised. Oper Tech Plast 
Reconstr Surg 2:239–244, 1995.)

Figure 24-6. Sphincter 
pharyngoplasty. The superiorly based 
palatopharyngeus flap is separated 
from the lateral pharyngeal wall using 
right-angle scissors. (From Kawamoto 
HK: Pharyngoplasty revisited and 
revised. Oper Tech Plast Reconstr Surg 
2:239–244, 1995.)
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Transverse incision
deep to prevertebral fascia

Donor site closed

Figure 24-7. Sphincter 
pharyngoplasty. The donor sites are 
closed, and the tip of each flap is sewn 
into the contralateral corner of the 
transverse incision placed high on the 
posterior pharyngeal wall, at the level of 
the body of the first cervical vertebra, at 
the junction of the pharyngeal mucosa 
and adenoidal tissue. (From Kawamoto 
HK: Pharyngoplasty revisited and 
revised. Oper Tech Plast Reconstr Surg 
2:239–244, 1995.)

Port

A

B

Figure 24-8. Sphincter pharyngoplasty. 
Intraoral view following completion of flap 
inset. A, Right palatopharyngeus flap. B, Left 
palatopharyngeus flap. Arrow, Direction of 
nasopharyngeal port. (From Kawamoto HK: 
Pharyngoplasty revisited and revised. Oper 
Tech Plast Reconstr Surg 2:239–244, 1995.)

Port

Figure 24-9. Sphincter pharyngoplasty.   
Cross-sectional view of midline of posterior pharyngeal 
wall. The palatopharyngeus flaps not only narrow 
the transverse opening but also result in an effective 
transverse mound that assists in obturation during speech. 
(From Kawamoto HK: Pharyngoplasty revisited and revised. 
Oper Tech Plast Reconstr Surg 2:239–244, 1995.)
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4. Poor velar and lateral pharyngeal wall movement, resulting in both lateral and anteroposterior insufficiency 
(i.e., a gap that is both wide and long). These patients may benefit nonsurgically from a speech bulb, a prosthesis 
designed to elevate the soft palate for obturating the posterior defect, or surgically from a pharyngeal flap 
pushback procedure, in which a wide superiorly based pharyngeal flap is performed in conjunction with a palatal 
pushback procedure. The insertion of the soft palate is freed from the posterior palatal bone after the hard palate 
is taken down, and the pharyngeal flap is inserted superior to the hard palate mucosa, obturating the posterior 
defect and lengthening the palate.

 9. What procedures are available for closure of palatal fistulae?
Palatal fistula closure can be achieved by total elevation of the palatal gingivoperiosteum starting at the dental sulcus, 
excision of the fistula margins, and watertight closure of the nasal and palatal mucosa by means of the transoral 
approach. Intrapalatal rotation or transposition flaps further devascularize the already fistula-compromised palate and 
should be avoided. Local flaps that have been described include tongue flaps as well as the facial artery myomucosal 
(FAMM) flap), which is useful in larger fistulae. Microvascular soft tissue transfer (radial forearm flap) has been 
described and in most cases should be reserved for fistulae recalcitrant to prosthetic or other closure techniques.

10. What special considerations must be observed in patients with velocardiofacial 
syndrome?
Children with velocardiofacial syndrome (VCFS), also known as Shprintzen syndrome, DiGeorge syndrome, or 
conotruncal anomaly unusual face syndrome, have a defect in chromosome 22q11, which can result in a myriad of 
findings including cleft palate, submucous cleft palate, velopharyngeal insufficiency, and medially displaced internal 
carotid arteries (ICAs). Correction of velopharyngeal insufficiency has focused on proper muscle repair in those 
affected with both cleft soft palate and submucous cleft palate in addition to pharyngeal procedures such as the 
sphincter pharyngoplasty and pharyngeal flap. Given the possibility of medially displaced ICAs that may be at risk with 
pharyngoplasty surgeries, some authors have advocated preoperative magnetic resonance angiography (MRA) to assess 
the course of the ICA. Sommerlad et al. reported 43 consecutive VCFS patients, only one of whom had preoperative 
MRA, who underwent sphincter pharyngoplasty without complications, and emphasize the importance of palpating the 
pharyngeal walls once the patient is positioned for surgery.

11. What is the purpose of alveolar cleft bone grafting? When is it performed and what 
donor site bone is preferred?
The purpose of alveolar cleft bone grafting (ACBG) is to (1) stabilize the maxillary segments, (2) provide bony support 
for the teeth adjacent to the cleft, (3) give bony support to the cleft alar base, and (4) allow for movement of the cuspid into 
the lateral incisor position. Because the lateral incisor erupts at approximately 7 years of age and the canine erupts at 
approximately 11 years of age, bone grafting is ideally performed after eruption of the lateral incisor but before eruption 
of the canine. In a survey of 240 American Cleft Palate–Craniofacial Association teams, 93% performed secondary ACBG, 
with 78% performing the ACBG between 6 and 9 years of age, during the transitional dentition stage. Eighty-three 
percent of centers reported using iliac crest as the preferred cancellous bone donor site, with calvarial bone, rib, and 
tibial bone listed as alternate donor sites. Should ACBG not be performed prior to the eruption of the canine, it can be 
performed (1) prior to any planned Le Fort I osteotomies and (2) as a preprosthetic measure in patients who may need 
osseointegrated implants.
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Dental Basics 25

 1. How are teeth identified?
The most common notation system for permanent teeth is the Universal System. The maxillary teeth are numbered 
1 through 16, starting with the upper right third molar (no. 1) and proceeding to the upper left third molar (no. 16). The 
mandibular teeth are numbered 17 through 32, starting with the lower left third molar (no. 17) and preceding to the 
lower right third molar (no. 32). Thus, the maxillary left central incisor is no. 9.

 
Right

    1   2   3   4   5   6   7   8   |   9  10   11  12   13  14   15  16  
Left

 32  31  30  29  28  27  26  25  | 24  23  22  21  20  19  18  17

The 20 deciduous or primary teeth are noted in the same manner, using letters A through T. The upper right second 
primary molar is A, and, proceeding around the arches, the lower right second primary molar is T.

 
Right    

  A  B  C  D  E |  F   G   H    I   J  
Left

     T  S  R  Q  P | O  N  M  L  K

The Palmer Notation System, used mostly by American orthodontists, numbers the teeth 1 to 8 in each quadrant, starting 
with the central incisor (no. 1) and proceeding to the third molar (no. 8). Each quadrant is indicated by a specific bracket 
around the number (_|, |_, 

_
|, |_). Thus, the maxillary left central incisor is |––1.

 
Right 

 8  7  6  5  4  3  2  1 | 1  2  3  4  5  6  7  8  
Left

   8 7  6  5  4  3  2  1 | 1  2  3  4  5  6  7  8

A two-digit system introduced in 1970 by the Federation Dentaire Internationale (FDI) has been adopted by the 
International Standards Organization (ISO). The ISO/FDI system identifies each of the 32 permanent teeth with a  
two-digit number. The first digit identifies the quadrant (1 to 4), and the second digit identifies the tooth type (1 to 8). 
Thus, the maxillary left central incisor is 21 (pronounced “two-one”).

 
Right

  18  17  16  15  14  13  12  11 | 21  22  23  24  25  26  27  28 
Left

  48  47  46  45  44  43  42  41 | 31  32  33  34  35  36  37  38

The 20 deciduous or primary teeth are represented in similar fashion: quadrant (5 to 8) and tooth type (1 to 5). Thus, the 
primary maxillary left central incisor is 61 (pronounced “six-one”).

 
Right

  55  54  53  52  51 | 61  62  63  64  65 
Left

 85  84  83  82  81 | 71  72  73  74  75

 2. How are the surfaces of the teeth described?
The surfaces of the teeth that face the central incisors (toward the midline) are the mesial surfaces. Those that face 
away from the midline (toward the mandibular condyles) are the distal surfaces. The labial and buccal surfaces of teeth 
indicate areas that face either the lip or the cheek, respectively. The palatal and lingual surfaces of teeth indicate areas 
that face either the palate or the tongue, respectively. The functioning surfaces of the molar and premolar crowns are 
called the occlusal surfaces and for the canines and incisors are called the incisal edges.
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Figure 25-2. Anatomy of a normal tooth. (From Manson P: 
Facial fractures. In Aston SJ, Beasley RW, Thorne CHM  
[eds]: Grabb and Smith’s Plastic Surgery, 5th ed. Lippincott-
Raven, Philadelphia, 1997, p 387, with permission.)

 3. What is the Angle classification?
The Angle classification of malocclusion, developed in 1890 by Edward Angle, is based on the position of the upper first 
molar. In class I occlusion, the mesiobuccal cusp of the maxillary first molar occludes in the mesiobuccal groove of the 
mandibular first molar, producing a normal anteroposterior relationship. In class II malocclusion, the lower first molar is 
distal to the ideal class I position, usually a half to one full cusp distance. Angle divided class II malocclusion into two 
divisions. In class II, division 1, the upper anterior teeth are flared forward. In class II, division 2, the anterior teeth of both 
the maxilla and mandible are retruded with a deep overbite. In class III malocclusion, the lower first molar is mesial to 
the ideal class I position, usually a half to one full cusp distance. The lower incisors may be edge to edge or labial to the 
upper incisors, producing an anterior crossbite or underbite. Angle’s classification of malocclusion provides a description 
only of the anteroposterior tooth relationship (Fig. 25-1).

 4. Describe the anatomy of a tooth
A tooth consists of a crown, the portion one sees in the oral cavity, and a root, which is attached to the bony walls of the 
alveolar socket by periodontal membrane fibers. The crown is covered by enamel, and the root is covered by cementum. 
Their junction is called the cervical line. Beneath the enamel and cementum is the dentin, which makes up the bulk of 
the tooth. In the center of the crown is the pulp chamber, which continues as the pulp canal in the root. The pulp tissue 
furnishes the nerve and blood supply to the tooth through the apical foramen (Fig. 25-2).

 5. What are the names of the teeth?
The 32 permanent teeth are divided into four quadrants. Starting at the midline, each quadrant has a central incisor, 
lateral incisor, canine (cuspid), first premolar (bicuspid), second premolar (bicuspid), and first molar, second molar, and 
third molar. The 20 deciduous or primary teeth are divided into four quadrants. Starting at the midline, each quadrant 
has a central incisor, lateral incisor, canine, first molar, and second molar (Fig. 25-3).

 6. What is the nerve supply to the teeth?
The only nerve supply to the mandibular teeth is the inferior alveolar branch of the mandibular division of the trigeminal 
nerve. The maxillary teeth are supplied by the maxillary division of the trigeminal nerve, which divides into the posterior 
superior alveolar branch from the pterygopalatine portion and the middle and anterior superior alveolar branches from 
the infraorbital nerve. The three superior alveolar branches form a plexus that directly supplies the maxillary teeth.

 7. What are natal and neonatal teeth?
Natal teeth are found in the oral cavity at birth. Neonatal teeth erupt during the first month of life. They are most 
common in the mandibular anterior region and usually are shells of enamel without roots. Neonatal teeth are commonly 
seen in cleft palates, often in eruption cysts.

A

B

C

Figure 25-1. Angle classification of occlusion. A, Class I, normal 
occlusion. B, Class II, malocclusion. C, Class III, malocclusion. (From 
Manson P: Facial fractures. In Aston SJ, Beasley RW, Thorne CHM 
[eds]: Grabb and Smith’s Plastic Surgery, 5th ed. Lippincott-Raven, 
Philadelphia, 1997, p 386, with permission.)
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 8. What is a supernumerary tooth?
A supernumerary tooth is an extra tooth in excess of normal dentition. It is more common in permanent dentition, 
occurs more often in males, and may or may not erupt. They are most frequently found in the maxilla. A 
supernumerary tooth located between the maxillary central incisors is called a mesiodens. Syndromes associated 
with supernumerary teeth (hyperdontia) are Apert, cleidocranial dysplasia, Crouzon, Curtius, Down, Ehlers-Danlos, 
Gardner, and Sturge-Weber.

 9. What is the most common congenitally missing tooth, and what are the syndromes 
associated with developmentally missing teeth?
The most common missing tooth is the third molar, followed by the mandibular second premolar, maxillary lateral 
incisor, and maxillary second premolar. Agenesis of numerous teeth (oligodontia) or failure of all of the teeth to develop 
(anodontia) is often associated with ectodermal dysplasia and oral-facial-digital syndrome. Syndromes associated with 
developmental absent teeth (hypodontia) are Crouzon, Down, ectodermal dysplasia, cleft lip, cleft palate, Ehlers-Danlos, 
Goldenhar, Gorlin, Hurler, Sturge-Weber, and Turner.

10. What is the difference between overbite, overjet, and anterior openbite?
Overbite is the amount of vertical overlap measured between the upper and lower incisal edges when the teeth are in 
occlusion. Overjet is the horizontal overlap measured from the labial surface of the lower incisor to the labial surface 
of the upper incisor, parallel to the occlusal plane, when the teeth are in occlusion (Fig. 25-4). Anterior openbite is a 
negative overbite in which the upper and lower incisors do not overlap.

11. What is a posterior dental crossbite?
A posterior crossbite is an abnormality in the buccolingual relationships of the teeth. In neutral occlusion, the buccal 
cusps of the upper teeth overlap those of the lower teeth. A buccal crossbite results from tilting of the maxillary 
teeth toward the cheek. A lingual crossbite results from lingual displacement (toward the tongue) of the upper 
teeth in relation to the lower teeth. The buccal cusps of the upper teeth no longer overlap those of the lower teeth 
(Fig. 25-5).

Figure 25-3. Normal adult dental arches contain 32 teeth, 16 in each arch. There are 3 molars, 2 bicuspids, 1 cuspid, and 2 incisors on each 
half of both maxillary and mandibular dental arches. (From Manson P: Facial fractures. In Aston SJ, Beasley RW, Thorne CHM [eds]: Grabb and 
Smith’s Plastic Surgery, 5th ed. Lippincott-Raven, Philadelphia, 1997, p 386, with permission.)
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Figure 25-5. Buccolingual relationship 
of the teeth. A, Buccal crossbite. B, Neutral 
(centric) occlusion. C, Lingual crossbite. 
(From McCarthy JB, Kawamoto HK, Grayson 
BH, et al: Surgery of the jaws. In McCarthy 
JG [ed]: Plastic Surgery. Philadelphia, WB 
Saunders, 1990, p 1194, with permission.)

12. What is an anterior dental crossbite?
In an anterior dental crossbite, the maxillary anterior teeth are behind the mandibular anterior teeth when the teeth are 
in occlusion. This may be caused by a class III malocclusion or by missing teeth on the maxillary arch.

13. What is the occlusal plane?
When teeth erupt to meet each other, they form the occlusal plane. The anteroposterior curve of the occlusal plane is 
called the curve of Spee. An occlusal curve also exists in the transverse plane, called the curve of Wilson. The teeth are 
not positioned straight up and down in the mouth but align along a spherical, three-dimensional curve.

14. What is the difference between centric relation and centric occlusion?
Centric relation is a position determined by maximal contraction of the muscles of the jaw. It is considered a 
stable, reproducible position that relates bone to bone through the temporomandibular joint. It does not depend on 
interdigitation of the teeth. Centric occlusion is a position determined by the way the teeth fit best together with the 
greatest amount of interdigitation. It is related to tooth occlusion and not muscle or bone. Wear facets or abraded 
surfaces of teeth are a function of centric occlusion.

15. Describe the most common injuries involving the teeth
Concussion: Injury to the tooth that may result in hemorrhage and edema of the ligament surrounding the root 

of the tooth, but the tooth remains firm in its socket. Dentist will treat by occlusal adjustment of the tooth with 
recommendation of soft diet.

Subluxation: Loosening of the involved tooth without displacement. Dentist will treat by occlusal adjustment of the tooth 
with recommendation of soft diet.

Intrusion: Tooth is displaced apically into the alveolar process. If root formation is incomplete, treat by allowing the tooth 
to reerupt over several months. If root formation is complete, then the tooth should be repositioned orthodontically. 
Tooth must be closely monitored by dentist because pulpal necrosis is frequent.

Extrusion: Tooth is partially displaced out of the socket. Treat by manually repositioning tooth into socket, and 
dentist should splint in position for 2 to 3 weeks. A dental radiographic examination should be performed after  
2 to 3 weeks.

Lateral Luxation: Tooth is displaced horizontally with fracture of the alveolar bone. Treat by gentle repositioning of 
tooth into socket followed by dental splinting for 3 weeks. A dental radiographic examination should be performed 
after 2 to 3 weeks.

Overbite

Overjet

Figure 25-4. Relationship of the incisal edges. Overbite is the vertical overlap and overjet is the horizontal overlap of the incisal edges. 
(From McCarthy JB, Kawamoto HK, Grayson BH, et al: Surgery of the jaws. In McCarthy JG [ed]: Plastic Surgery. Philadelphia, WB Saunders, 
1990, p 1194, with permission.)



169craniofacial surgery i—congenital

Avulsion: Total displacement of the tooth out of the socket. Ideal treatment is immediate reimplantation. The tooth 
should not be handled by the root. Rinse the tooth in saline and flush the socket with saline. Replant the tooth, and 
splint in place with semirigid splint for 1 week. Place the patient on antibiotic therapy (e.g., penicillin VK, 1 g loading 
dose followed by 500 mg four times per day for 4 days). Alternative is to place in mouth under tongue, place in milk, 
or place in saline and have a dentist reimplant tooth within 30 minutes. Follow-up dental radiographic examination 
should be performed at 3 and 6 weeks, and at 3 and 6 months.

16. When do the primary teeth erupt?
The primary teeth begin to erupt at approximately age 6 months in the following order:

 • Central incisors, 6 to 7 months
 • Lateral incisors, 7 to 9 months
 • First primary molars, 12 to 14 months
 • Canines, 16 to 18 months
 • Second primary molars, 20 to 24 months

Approximately four teeth erupt every 4 months in the primary dentition. The eruption sequences of the maxillary and 
mandibular teeth are approximately the same.

17. When do the permanent teeth erupt?
The mandibular permanent teeth tend to erupt before the maxillary permanent teeth. The first permanent tooth to erupt 
is the first molar at approximately age 6 years. It erupts distal to the primary second molar. The remaining permanent 
teeth erupt in the following order:

 • Mandibular central incisors, 6 years
 • Mandibular lateral incisors, 7 years
 • Maxillary central incisors, 7 years
 • Maxillary lateral incisors, 8 years
 • First premolars, 10 years
 • Mandibular canines, 10 years
 • Second premolars, 11 years
 • Maxillary canines, 11 years
 • Second molars, 12 years
 • Third molars, 17 years

The permanent incisors, canines, and premolars are called succedaneous teeth because they replace (succeed) the 
primary teeth.

18. What is a mamelon?
A mamelon is a rounded protuberance found on the incisal edges of newly erupted incisor teeth. Each tooth has three 
mamelons. They are soon worn down through normal attrition. Mamelons will remain if the teeth are malaligned and 
there is no opposing incisal contact, as in an openbite.

19. Describe the embryology of teeth
As early as 28 days in utero, odontogenic epithelium is recognized on the mandibular and maxillary processes. This 
tissue proliferates and forms the dental laminae from which tooth buds develop. Each tooth goes through a series of 
stages as cells differentiate and proliferate. Odontoblasts give rise to dentin, a process called dentinogenesis, and 
ameloblasts form enamel, a process called amelogenesis. As enamel and dentin are deposited, the crown is formed 
from the cusp tips to the cervical region. After enamel formation is nearly completed, root development begins.

Knowledge of tooth embryology is helpful in understanding oral pathology. Ameloblastoma, for example, is an aggressive 
odontogenic tumor that is thought to form from ameloblasts that do not differentiate to the stage of enamel formation.

20. What is the process of dental decay?
The earliest clinically recognizable stage of dental decay is a white-spot lesion, which results from oral bacteria (mainly 
Streptococcus mutans) that proliferate in the presence of fermentable carbohydrates and form acids that cause 
tooth demineralization. At this point the surface of enamel is still intact, and the lesion is reversible. Once the decay 
process goes through the enamel and reaches the dentin, it spreads laterally and quickly inflames the pulp tissue. Pulp 
tissue is not capable of healing. Severe pain usually is present by this time, and a periapical abscess may form in the 
surrounding bone. Dental decay may be difficult to see clinically. Dental radiographs show a decayed area of a tooth as 
more radiolucent than the unaffected area.
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21. What are the muscles of mastication?
The masticatory muscles concerned with mandibular movement include the masseter, medial pterygoid, lateral 
pterygoid, and temporalis muscles. These muscles are paired.

22. How do the muscles of mastication move the mandible?
The lateral pterygoid is divided into two heads. The superior head is active during jaw-closing movement; the inferior 
head is active during jaw-opening and protrusion movement. The masseter muscle is the most powerful muscle of 
mastication; it elevates the mandible and assists in protrusion. The medial pterygoid muscle, like the masseter, elevates 
the mandible and is active during protrusion. It also helps in lateral positioning of the jaw. The temporalis muscle is 
divided into two parts. It is the principal positioner of the mandible during closing. The posterior part retrudes the 
mandible; the anterior part is active in clenching.

23. What are the average measurements of mandibular movement in an adult?
The maximal mandibular opening is 50 to 60 mm as measured from the incisal edges of the anterior teeth.  
A person should be able to open the equivalent width of three fingers. The maximal lateral movement is 10 to 12 mm, 
approximately the width of the maxillary central incisor. The maximal protrusive range is 8 to 11 mm. The retrusive 
range is 1 to 3 mm. Retrusive movement is the discrepancy between centric occlusion and centric relation. Age, size, 
and skeletal morphology of the individual must be taken into consideration in evaluating these measurements.

24. What is a dental implant?
A dental implant is an artificial tooth root replacement. There are several types, but the most widely used is the 
osseointegrated implant based on the premise that a titanium implant can be successfully integrated into bone when 
osteoblasts attach to the surface of the titanium. This integration can take between 3 and 6 months. A porcelain or 
ceramic crown can then be attached to the implant as a single tooth replacement. A variation on the implant procedure 
is the implant-supported bridge or implant-supported denture to replace more than one missing tooth. The success rate 
of an osseointegrated implant prosthesis is greater than 90%.

25. What is Invisalign?
Invisalign is an orthodontic appliance system that straightens teeth without using traditional metal braces. Instead, 
Invisalign uses a series of clear, removable custom-made aligners that gradually and sequentially move teeth to their 
desired positions. The main advantage to the treatment is esthetic; the aligners are transparent. In addition, the aligners 
are relatively comfortable to wear and do not interfere with speech. However, there are limitations to its use, as more 
complex orthodontic cases are better and more efficiently treated with conventional braces.

26. What is periodontitis?
Periodontitis is an infection of the tissues supporting the teeth that results in loss of bone around the teeth. It is 
diagnosed by dental radiographs and clinical examination. Depending on the specific type and severity, periodontitis can 
be treated by deep dental cleanings, surgical intervention, and/or antibiotics.

27. What drugs may cause gingival hyperplasia (overgrowth of gingival tissue)?
Phenytoin, cyclosporine, and nifedipine may cause hyperplasia of gingival tissue.

28. What is endodontics?
Endodontics is a specialty of dentistry that deals with the tooth pulp and tissues surrounding the root of a tooth. When 
the pulp becomes inflamed and is unable to repair itself, endodontic treatment is required, which in most cases is a 
procedure called root canal therapy. Root canal therapy involves the removal of the irreversibly inflamed or necrotic 
pulp tissue. After the pulp is removed, the canals are cleaned, shaped, filled, and sealed. Most teeth that have had a root 
canal will need to be restored with a crown.
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PASSIVE PROSTHETICS  
(NEONATAL PERIOD)

 1. What is a passive infant oral prosthesis?
An infant oral prosthesis is a passive device much like a denture without teeth that covers and follows the anatomic 
outline of the hard palate and its defect. To maintain position and to resist displacement, the margins of the prosthesis 
usually extend over the lateral alveolar segments and may extend into and over the lateral surfaces of the nasal cavity 
and vomer. The prosthesis is routinely made from polymerized methylmethacrylate (acrylic) (Fig. 26-1).

 2. What does the prosthesis do?
A palatal prosthesis divides the oral and nasal cavities into functional spaces while providing a tactile reference for 
the tongue. Function is then segregated with the nose for airway and the oral cavity for feeding and proper tongue 
posturing. This segregation aids feeding and breathing and facilitates proper physiologic resting posture for the tongue 
with tip forward.

 3. Does a prosthesis affect growth?
After surgical lip repair in cases of complete unilateral cleft lip/palate (UCLP) and bilateral cleft lip/palate (BCLP), medial 
displacement of the cleft segments is inevitable. A passive prosthesis, especially with proper nasal extension, prevents 
medial relocation of the cleft segments and provides normalized maxillary displacement growth in width achievement. 
Preventing medial collapse and promoting maxillary transverse growth have positive effects and serve to optimize oral 
volume, nasal respiration, dentoalveolar segment alignment, facial development, and overall anatomic balance. Perhaps 
the best potential growth and facial skeletal development are achieved by integrating passive prosthesis stabilization 
with rehabilitation protocols.

 4. When is the prosthesis worn?
A prosthesis is best used as early as possible in the neonate’s life—perhaps before the initial repair to facilitate feeding. 
If provided in coordination with the initial repair, a prosthesis is best left in place for 1 to 2 weeks before daily removal 
for cleaning. The appliance is best used on a full-time basis until a few weeks before palatoplasty, when it is used only 
during feeding. Appliance cleaning more frequent than daily may be indicated during upper respiratory tract infections 
that obstruct the nasal port because of mucus drainage.

 5. How long does it take before a prosthesis is outgrown?
Facial growth occurs most in the vertical plane and least in the transverse plane. The prosthesis must be adjusted 
approximately every 6 weeks to reduce retentive undercuts and to broaden alveolar contacts. Generally, once the weight 
of the infant doubles, effective appliance retention is lost, and the appliance is no longer useful.

Figure 26-1. Passive infant oral 
prosthesis. A, Prosthesis on anatomic 
side shows nasal extension for 
retention. B, Oral side of prosthesis.

A B
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 6. Does extension of the prosthesis over the alveolar structures restrict normal 
development of the lateral dental segments?
The “pressure” of alveolar remodeling growth easily exceeds the passive resistance of the appliance. With appliance 
adjustments over the alveolar extensions, normal development should proceed without restriction.

PRESURGICAL ORTHOPEDIC 
CORRECTION (NEONATAL PERIOD)

 7. What is presurgical orthopedic correction?
Presurgical orthopedic correction (POC) is a procedure used to correct an anatomically abnormal bony relationship 
before any primary reconstructive surgery is performed.

 8. How does POC apply to oral cleft patients?
In neonates with complete BCLP and UCLP, cleft maxillary components are distorted and abnormally positioned. The 
overlying soft tissue mirrors the skeletal deformity and gives the recognizable pattern of deformity in UCLP and BCLP. 
The objectives of POC are to reposition displaced basal segments and to realign soft tissue margins of like kind before 
corrective surgery is performed.

 9. What problems attend oral cleft treatment without POC?
 • Lip closure alone does not reposition the maxilla and premaxilla in BCLP or pull the cleft maxillary segment forward in 
UCLP well enough for closure of the cleft.

 • Lip repair alone does not reposition the maxilla forward in BCLP to provide a full midface or pull the cleft maxillary 
segment forward in UCLP to balance the malar and alar bases or reduce the stigmatizing “crooked face.”

 • A protruded premaxilla at the base of the columella makes columellar lengthening and nasal tip correction impossible 
until the patient reaches adolescence.

 • Persistent fistulas and residual clefts in the alveolus require the difficult surgery of bone grafting when the patient is 
between 6 and 8 years old.

10. What are the benefits of POC?
 • A better platform is produced for the lip and nose as well as for the alveolus.
 • Primary surgical closure can be performed without tension.
 • A more precise method controls the cleft components without dependence on simple closure of the lip over the 
deformity to mold the distorted parts.

 • Dissection of mucoperiosteum at the edge of the cleft facilitates a two-layer closure without tension.
 • Alveolar integrity is established to facilitate dental development.
 • Closure of the hard and soft palate is facilitated.
 • An intact primary palate is achieved at an early age.
 • Gingivoperiosteoplasty can be done with or without primary bone grafting.
 • A normal maxillary arch without fistulas is achieved with early secondary palate closure. Early “fork-flap” columellar 
surgery is possible in BCLP and may produce a good nose and lip.

 • An intact oral cavity without fistulation is routinely established well within the first year of life with a clearly improved 
possibility for intelligible speech to follow.

11. What are the various techniques used in POC?
The techniques are best grouped by type of device retention as either passive or fixed (pinned).

12. What techniques use passive retention?
In the 1950s, McNeil and Burston used a passive oral prosthesis and external facial or head straps to effect segment 
repositioning and remodeling. Also, Nordin uses a T-shaped traction device applied to the nostril on the normal side in 
UCLP cases. The design tactic is to use extraoral transverse traction to correct the midfacial asymmetry and to minimize 
the posterior retraction forces on the developing maxilla.

Another technique reported by Figueroa for BCLP used a passive oropalatal prosthesis as an anchor, and a latex rubber 
retraction strip looped over the prolabium to reposition the maxilla and premaxilla.

13. How effective are passive techniques?
The results are variable in regard to achieving treatment objectives. All of these early techniques share the following 
disadvantages:

 • Inconsistency and difficulty with patient compliance
 • Incomplete control of directional mechanics best directed at the orthopedic deformity
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 • Unpredictable and partial achievement of treatment objectives
 • Extended treatment time
 • Labor intensive
 • More expensive than non-POC treatment protocols

The techniques have the following advantages:

 • Less invasive than pinning techniques, which require general anesthesia for placement
 • Less expensive than pinning techniques

14. What techniques use pinned retention?
 • In 1957, Hagerty first reported the use of pins to retain an expandable stainless steel bar in cleft palate treatment.
 • In 1965, Hagerty et al. reported the use of an expandable acrylic palatal prosthesis with intraosseous pinning for 
anchorage.

 • Contemporary techniques were reported during the 1970s and 1980s by Georgiade and Latham. BCLP was treated 
with a coaxial mechanism that expanded the maxillary base and repositioned the premaxilla at the same time. 
Latham et al. reported on the design and use of this extraorally activated expansion device that applied elastic 
traction to the premaxilla.

 • In 1980, Latham reported the treatment of UCLP with a device for orthopedic advancement of the cleft maxillary 
segment. It was much like the maxillary base device used today.

 15. How effective are pinned techniques?
Results are highly consistent in achieving treatment objectives with the attending benefits and advantages described 
above. The disadvantages include the following:

 • Device placement requires a hospital operating room (OR).
 • Pinned techniques are more expensive than passive retention POC.

 16. How is POC used in UCLP and BCLP treatment?
 • Soon after birth an impression is obtained, and the maxillary POC device is fabricated on a stone model.
 • OR placement of the device is coordinated with myringotomy and pressure-equalizing tube procedures.
 • The maxillary base device is retained by four channel-locking pins, two on each side, which pass through the 
acrylic base material into the palate for intraosseous fixation.

 • For cases of BCLP, a staple is placed through the bony septal structure of the premaxilla to connect respositioning chains.

17. How does the UCLP device produce orthopedic correction?
 • Once the device is in place, a drive screw is activated a half turn (0.25-mm displacement), and activation is continued 
once or twice a day by the parent at home (Fig. 26-2).

 • The patient is observed on a regular basis. Activation continues until, by design, no further turning of the screw is 
possible. The segments should be well aligned with 1 to 3 mm of space (defect) between the nearly abutting segments.

Figure 26-2. Unilateral cleft lip/palate presurgical orthopedic correction device. A, Viewed from its anatomic side.  
A coplanar double hinge (A) allows rotation and translation of the greater segment (GS) and lesser segment (LS) to one 
another. Turning screw (B) against GS (C) pulls LS (D ) forward. The principal action is LS advancement with outward rotation 
and GS advancement with inward rotation. B, With device in place, the drive screw lies adjacent to the cleft segment and is 
easily accessed at the front of the cleft defect.
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Figure 26-3. Bilateral cleft lip/palate pinned presurgical orthopedic correction base device can be expanded, enabling lateral segment 
placement to fit the premaxilla. The expansion screw at the drive box is activated from the front of the mouth. The device also acts as a 
base appliance for maxillary protraction in response to the coupling force for premaxillary retraction. Bilateral elastic chains attached to the 
premaxilla pass around a roller (not shown) under the drive box and then proceed forward and laterally to hook onto buttons for tensioning at 
the head of each segment.

18. How long does it take before a patient with UCLP is ready for reconstructive surgery?
 • Screw activation takes from 3 to 6 weeks to complete, depending on the size of the cleft, rate of activation, and 
amount of correction designed into the device (up to 14 mm).

 • A resting period of 2 to 3 weeks allows dissipation of any residual load (strain) that builds up after applying the active 
force (stress).

 • If the device is applied by age 4 weeks, the first reconstructive surgery can be done at age 3 months.

19. How does the BCLP device produce orthopedic correction?
 • Once the device is in place, as the case demands, an expansion screw can be activated one-quarter turn (0.25-mm 
expansion at the anterior cleft segment) at a time. As instructed, activation once or twice a day by the parent at home 
or, perhaps better, one full revolution by the physician during weekly follow-up well achieves proper lateral segment 
placement (Fig. 26-3).

 • The elastic chain tension is checked for possible adjustment on a weekly basis. The pressure should not exceed 
2 ounces per side. Excessive force causes undue septal staple translation without orthopedic effect and possible 
failure.

 • The patient is observed on a regular basis until the case is fully corrected with proper maxilla–premaxilla segment 
alignment and 0 to 2 mm of space at each cleft defect.

20. How long does it take before a patient with BCLP is ready for reconstructive 
surgery?
 • Elastic chain repositioning takes from 4 to 7 weeks to complete, depending on amount of premaxillary protrusion, size 
of premaxilla, age of patient, and rate of activation.

 • A resting period of 2 to 3 weeks allows dissipation of any residual load to reduce rebound.
 • If the device is applied by age 4 weeks, the first reconstructive surgery can be done at age 3 to 4 months.

21. What are the significant treatment effects in BCLP?
The single most important response is forward maxillary repositioning to achieve premaxillary–maxillary alignment. 
The premaxilla shows less orthopedic adjustment and the vomer the least. This response is apparently age 
dependent.

22. What is the incidence of postalveolar cleft palate fistulation in patients treated with 
and without POC?
Cleft palate fistulation (CPF) is reported in 20% to 25% of patients treated without POC. The incidence may be as high as 
50% in one-stage neonatal protocols. CPF was reported to be less than 8% in UCLP and BCLP treated with POC.

23. Do pinned POC devices stimulate maxillary growth?
Yes, in BCLP treatment. Maxillary forward translation in BCLP is about twice normal during the active phase of 
treatment.

24. Does pinned POC treatment adversely affect maxillary growth?
No.
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ORTHODONTIC MANAGEMENT

Primary Dentition (age 3 to 6 years)

25. What is the primary dentition?
The first teeth to erupt, also known as milk teeth and baby teeth. Because the primary dentition is completely replaced 
by the adult dentition, deciduous dentition is a proper designation. Most children complete their primary dentition by the 
age of 2.5 to 3.0 years.

26. Why is orthodontic treatment important at this age?
Treatment positively influences postural and vegetative functions, occlusal function, facial growth, speech, eustachian 
tube and middle ear effusion, and reconstructive efforts.

27. What is achieved with orthodontic treatment?
Early treatment offers an opportunity for greater ease and efficacy of orthopedic procedures to increase space and 
optimize conditions for eruption and root formation; to attain proper occlusion; to increase oronasal volume; and to 
change the maxillary facial platform.

28. What physical signs are most important?
 • Severe dental crossbites, both bilateral and anterior occlusal
 • Very narrow maxillary dental arch
 • Anterior (incisal) openbite
 • Shallow or narrow palate
 • Shifting of the bite, usually to one side, causing functional or postural mandibular asymmetry (functional shifts)
 • Other important related problems are encumbered speech, oral respiration with noisy sleeping pattern, bad oral 
habits (thumb [digit] sucking, tongue thrusting, bruxism, severe attrition), and recurrent otitis media.

29. What procedures are undertaken at this age?
Principally, orthopedic with transverse maxillary distraction (expansion) and anterior respositioning (protraction).

30. What kinds of devices are used for maxillary expansion?
Expansion devices are either removable or fixed. Removable devices use a slow continuous expansion rate of 2 mm/
month until completed. Fixed devices, either attached by stainless steel bands or directly bonded to posterior segment 
teeth, may use rapid continuous expansion at a rate of 0.5 mm/day or less to completion of expansion (Fig. 26-4).

31. How long of a rest period is needed after expansion?
A bonded fixed device is used with expansion over a 2-week period in a regimen of 4 to 5 mm segments followed by 
a 4- to 6-week period of rest. This sequence is repeated until expansion is completed. Accumulation of residual load 
during rapid expansion is dissipated during the rest periods. Research has shown that residual load accumulating during 
rapid palatal expansion completely dissipates in 5 to 7 weeks, depending on patient age. Many orthodontists prefer a 
3-month rest period after rapid palatal expansion. Such long periods of rest are unnecessary after slow expansion.

32. How much expansion is necessary?
The amount of appliance expansion varies from as little as 7 mm to as much as 20 mm with use of two devices. In certain 
cases expansion beyond that necessary for occlusal balance may be desirable to increase nasal airway volume.

Figure 26-4. Intraoral view of rapid palatal expansion device directly bonded to the dentition with simultaneous orthodontic treatment for 
incisor alignment and decompensation for anterior crossbite correction. Note the separation of central incisors, a rare event in complete oral 
cleft patients, well after alveolar bone graft.



176 OrthOdOntics fOr Oral cleft craniOfacial disOrders

A B
Figure 26-5. A, Intraoral view 
before maxillary protraction. B, Same 
view after maxillary protraction.

33. When was maxillary expansion first used?
No one knows, but it was first reported in the literature in 1859 for the correction of constricted maxillary dental arches 
over a period of 2 weeks.

34. What other use do expansion devices have?
A fixed expansion device or retained removable device is a handle to the maxilla. This handle of opportunity is realized in 
maxillary protraction for correction of maxillary midfacial deficiency and anterior dental crossbite (Fig. 26-5).

35. During primary dentition, when is the best time for maxillary protraction?
The best time is determined by the eruption of the permanent central incisors, which secure the repositioned maxilla 
with a proper bite. This translates to a dental age of at least 5 years to begin protraction treatment, which continues for 
12 months. In general, the best time is before age 7 years.

mixeD Dentition (age 7 to 11 years)

36. What is mixed dentition?
The period when both primary and permanent teeth are present in the mouth. It is referred to as the “ugly 
duckling stage” and represents a period of marvelous complexity in dental arrangements and numbers. At 
inception (before incisors erupt) there is a total of 48 teeth; this number is reduced to 28 over a period of 
approximately 5 years.

37. What are the succedaneous or successional teeth?
The incisors, cuspids, and bicuspids occupy a place in the arch once held by a primary tooth.

38. What are the accessional teeth?
All teeth that erupt posterior to the primary teeth (e.g., first, second, third molars).

39. What is achieved by orthodontic treatment of mixed dentition?
During this period there is, perhaps, one last opportunity for segment alignment of the maxillary components, dental 
alignment, and space definition at sites of agenic teeth (almost always lateral incisors). In a nutshell, it is a most 
important opportunity to define maxillary dental arch perimeter.

40. What treatment procedures are used?
 • Maxillary expansion and protraction
 • Preparatory extractions
 • Orthodontic treatment
 • Tooth straightening

Preparatory extractions often include supernumerary teeth (teeth not present in a normal dentition and, in oral cleft 
patients, associated with cleft margins by the alveolar defect). Supernumerary teeth are commonly ectopic. If multiple, 
the additional supernumerary teeth usually are unerupted (impacted) and elevated within the anterior maxillary cleft 
segment. Orthodontic treatment is used to remove incisor irregularities, to create space for the agenic lateral incisor(s) 
and prospective graft sites, and to define buccal segment dental arch length. The decision to extract permanent teeth to 
reduce excessive dental crowding is often made during this period.

41. Why is this period critical for the alveolar bone graft?
With the canine root 25% to 50% formed, success rates for grafting are high during this age range.
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42. Why is it important to graft the alveolar defect when the canine root is less than 50% 
formed?
Canine teeth may erupt and migrate through the bone graft. With root formation beyond 50%, teeth begin eruptive bodily 
relocation in excess of root lengthening, and the cuspid may penetrate from its intraosseous crypt into the void of the 
alveolar defect.

aDolescent anD aDult Dentition  
(age 12 to 17 years anD BeyonD)

43. What is adolescent dentition?
The first 6 years after onset of full eruption of succedaneous teeth during the period of accelerated adolescent growth in 
stature and facial development.

44. What orthodontic appliances are used during this period?
Occasionally, maxillary expansion may be indicated for a second time or, less often, primarily. Rigidly bonded or banded 
jackscrew appliances are most effective, but often spring wire-type expansion devices attached to two molars may 
be used successfully for buccal segment dental expansion. However, the principal procedures are carried out with 
comprehensive orthodontic appliances and complete bracing of all clinically erupted permanent teeth. This technique 
gives virtual control over the six possible bodily movements in space for each tooth.

CONTROVERSY

45. Is alveolar bone grafting a definitive procedure?
Bone grafting is not a definitive procedure even when it is entirely successful. The first graft may not compensate 
for vagaries of cleft type and individual variation, and results may be impossible to predict. A fuller alveolus for an 
osseointegrated implant or multiunit fixed prosthesis or elevation at the ala base is often a legitimate indication for a 
second graft during adolescence and adulthood.

FACIAL GROWTH IN ORAL  
CLEFT PATIENTS

46. Is craniofacial morphology of parents related to susceptibility for oral cleft in 
offspring?
Yes. Good evidence from cephalometric studies in parents of children with cleft lip (CL) and/or cleft palate (CP) supports 
this hypothesis. In the lateral view, all such parents have significantly shorter upper facial height compared with lower 
facial height. A larger cranial base saddle angle was found in parents of children with CLP and CP. In the frontal view, all 
parents had a significantly narrower head (skull) width (HW) and smaller cephalic index. There were also greater ratios 
of HW to interorbital, interzygomaticofrontal suture, nasal, bizygomatic, and alar width. Parents of children with CLP 
also showed asymmetries in the nasal alveolar shelf. In summary, shorter height and greater width in the upper face 
characterize all parent types.

47. How is the craniofacial status of adult patients with isolated unilateral cleft lip/
alveolus surgically treated in childhood different from that of normal samples?
Facial height is greater than in controls, and the maxilla–mandibular relationship demonstrates a flat facial angle. 
Patients with unilateral cleft lip/alveolus (UCLA) have a balanced retrognathic–apertognathic profile. With the 
least severe deformity, UCLA craniofacial status is closer to the normal population than to the remaining oral cleft 
population.

48. How is the craniofacial status of adult patients with isolated UCLP surgically treated 
in childhood different from that of normal samples?
Facial height tends to be larger than in controls. The facial angle demonstrates a retrusive configuration with midfacial 
deficiency. The maxillofacial abnormality is explained by the severity of the deformity of patients with UCLP, manifest 
as a long-face, backward-divergent, and midfacial-deficient profile. Mandibular deformity is independent of severity of 
UCLP deformity.

49. How is the craniofacial status of adult patients with isolated BCLP surgically treated 
in childhood different from that of normal samples?
A similar deformity pattern to UCLP is found in BCLP with bimaxillary dentofacial retrusion, clockwise facial rotation, 
lower facial height enlargement, and retrocheilia (reduced upper lip thickness).
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50. How is the craniofacial status of infants with isolated CP different from that of the 
CLA sample?
The structures that are shorter in infants with CP compared with CLA (an acceptable normal standard) are maxillary 
length, posterior maxillary height, mandibular length in both corpus and ramus, nasopharyngeal depth and height, 
and anterior cranial base length. Larger structures are mandibular angle (gonial), palatal plane angle, and open facial 
rotation. In summary, infants with CP represent a different population from infants with isolated clefts of primary palate.

51. How is the craniofacial status of adult patients with isolated CP treated and 
untreated in childhood different from that of normal samples?
Whether or not surgically treated in childhood, the craniofacial status is about the same in adults with CP. The maxilla 
is shorter in length and retruded in position. The mandible is more posterior and retrognathic and smaller, with an 
increased plane angle; it is like the mandible found in patients with complete oral cleft and primary cleft palate. The 
facial angle, however, is not unlike that of controls. Differences are also found among the different types of CP. Patients 
with clefts of only the soft palate have the least affected maxilla but the most retrognathic profile. Patients with soft and 
partial hard palate cleft have the most retruded maxilla. Cases with soft and complete hard palate cleft have the best 
overall facial balance, nearly normal mandibular form, and profiles that are not retrognathic.

52. How does a pharyngeal flap affect facial development?
Done rather early in life, a pharyngeal flap contributes mechanical, functional, and tissue factors affecting facial growth. 
The flap causes a greater reduction in forward maxillary growth than what ordinarily occurs. The maxillary vertical 
dimension is unaffected. A greater facial opening rotation maintains facial balance. In general, restraint, scar, and 
increased nasal impedance to airflow disturb maxillary growth.
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CephalometriCs 27

 1. What is cephalometrics?
Cephalometrics is the science of measurement of the skull, which began in the early eighteenth century. After 
the introduction of X radiation, measurements were made on standardized radiographs. The technique of radiographic 
cephalometrics was introduced by Hofrath in Germany and Brodbent in the United States in 1934. The initial purpose 
was to research the growth and development of skeletal structures and to establish a quantitative method for obtaining 
descriptive information about dentofacial patterns.

 2. How is cephalometric analysis performed?
It is performed by acquiring a standardized lateral view of the skull (Figs. 27-1, 27-2, and 27-3). A tracing is made of the 
skull film, and measurement is taken between points and planes constructed from anatomic landmarks.

 3. How is a standard cephalogram obtained?
There are two specific requirements for obtaining a true standardized lateral head film. The distance from the x-ray 
source to the object should be 60 inches. The distance from the object to the film should be 6 inches. The central beam 
is directed through the center of the ear rods to strike the x-ray film at right angles. To limit parallax distortion due to 
shifting, the head should be stabilized with a head holder called a cephalostat. When these constants are maintained, 
a standardized lateral cephalogram is obtained with 10% magnification of the head. The lateral cephalogram must be 
made with the mandible in a centric position and lips relaxed (see Fig. 27-1).

 4. Why is a cephalostat used?
The cephalostat provides a means to standardize image and magnification distortions of the cephalograph with standard 
positioning of the x-ray source from the subject.

 5. How do you trace a cephalogram?
Tracing is done on a 0.003-inch acetate paper with a 0.05-mm lead pencil. The side closest to the film is traced. In 
tracing the mandibular structures, the superior part of the body and distal part of the ramus should be traced (the side 
closest to the film). Whenever there is a double image, the contours of the image can be traced by bisecting the two 
images. Figure 27-4 shows the representative landmarks that need to be traced.

 6. What are the requirements for a landmark?
 • The landmarks should be easily seen on a radiograph, uniform in outline, and easily reproducible.
 • Lines and planes should have significant relationship to the vectors of growth of specific areas.
 • Landmarks should permit valid quantitative measurements of lines and angle projected from them.
 • Measure points and measurements should have significant relationship to the information sought.
 • Measurements should be amendable to statistical analysis.

6 inches 60 inches Source

Figure 27-1. Technique of cephalometrics.
 • Distance from source to midsagittal plane of object = 60 inches
 • Distance from object to film = 6 inches
 • Magnification ratio = 1:10
 • Central ray should pass through external auditory meatus 
perpendicular to the film cassette
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Figure 27-3. Posteroanterior cephalogram.

Figure 27-2. Lateral cephalogram.
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 7. What are the most commonly used landmarks?
The most commonly used landmarks are shown in Figure 27-5:

 1. Nasion (N): Anteriormost point on the frontonasal suture
 2. Basion (Ba): Lowermost point on the anterior point of the foramen magnum
 3. Articulare (Ar): Point of the cranial base and the posterior border of the mandibular ramus
 4. Porion (Po): Midpoint of the upper contour of the external auditory canal
 5. Sella (S): Center of the sella turcica
 6. Pterygomaxillary fissure (PTM): Point on the base of the fissure where the anterior and posterior walls meet
 7. Orbitale (Or): Lowest point on the inferior margin of the bony orbit
 8. Anterior nasal spine (ANS): Tip of the anterior nasal spine (sometimes modified as the point on the upper or lower 

contour of the spine where it is 3 mm thick)

Figure 27-4. Cephalogram tracing.
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Figure 27-5. Commonly used landmarks.
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Figure 27-6. Cephalometric planes.

 9. Posterior nasal spine (PNS)
10. Point A (A): Innermost point on the contour of the premaxilla between the anterior nasal spine and incisor tooth
11. Point B (B): Innermost point on the contour of the mandible between the incisor and the bony chin
12. Pogonion (Pog): Anteriormost point on the contour of the bony chin
13. Menton (Me): Most inferior point on the mandibular symphysis
14. Gonion (Go): Point on the angle of the mandible obtained by bisecting the angle formed by intersection of a 

tangent drawn to the lower and posterior borders of the ramus
15. Gnathion (Gn): Constructed point located between the pogonion and menton

 8. What is a cephalometric plane?
A plane by definition connects three or more points. A line by definition connects two or more points. These two terms 
are often used synonymously. The commonly used planes are as follows (Fig. 27-6):

Cranial Base Planes
1. Basion-nasion (Ba-N)
2. Sella-nasion (S-N)
3. Frankfort horizontal plane (Po-Or)

Maxillary Planes
1. Palatal plane: Constructed by joining the anterior nasal spine to the posterior nasal spine
2. Occlusal plane: Plane extending between the mesial cusp of the maxillary molar through the point that bisects 

the overbite
3. Nasion–point A
4. Long axis of mandibular incisor

Mandibular Planes
1. Mandibular plane: Line drawn tangent to the lower border of the mandible and passing through the menton
2. Nasion–point B
3. Nasion–pogonion facial axis plane
4. Long axis of mandibular incisor

 9. What are the components of cephalometric analysis?
 • Skeletal analysis
 • Soft-tissue profile analysis
 • Dental analysis
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10. What is the purpose of skeletal analysis?
The main purpose is to classify facial types and to establish the relative anteroposterior relation of the basal arches to 
the cranial base and to themselves (Table 27-1). Angle SNA indicates the anteroposterior positioning of the maxilla in 
reference to the cranial base. The normal angle for a Caucasian is 82°. An angle that exceeds 82° indicates maxillary 
protrusion, and an angle less than 82° indicates maxillary retrusion. Angle SNB indicates the anteroposterior relation of 
the mandible in reference to the cranial base. The mean is 80°. Basal arch analysis indicates the relation between the 
maxilla and mandible (ANB angle). The normal value is 2°.

Another method involves first correcting the length of the cranial base sella-nasion. In adult females the length is 77 mm, 
and in adult males the length is 83 mm. From this corrected position of nasion, draw a perpendicular to the Frankfort 
plane. Maxillary reference point A should lie on the plane, and, chin projection (Holdaway ratio) being normal, pogonion 
should be on the plane in adult males and should be 2 mm behind the plane in adult females. If point A is ahead of the 
plane, it indicates horizontal maxillary excess. If point A is behind this plane, it indicates horizontal maxillary deficiency. 
Similarly, if pogonion is ahead of this plane, it indicates mandibular excess. If it is behind this plane in adult males and is 
more than 2 mm behind in adult females, it indicates mandibular deficiency. (Value for sella-nasion plane reconstructed to 
the correct length and angulation obtained from the University of Michigan Growth Center standards.)

An important factor in skeletal analysis is the vertical relation of the maxilla and mandible to the cranial base. The first 
measurement is to relate the anterior maxilla, done by evaluating tooth exposure on the lateral cephalogram (with 
lips relaxed) and frontal facial picture. Both should show tooth exposure of approximately 2 mm. The second group of 
measurements is the palatal plane. It should be parallel to the Frankfort plane. The occlusal plane angle should be 7°, 
and the mandibular plane angle should be 25° to the Frankfort plane.

The third measurement is the posterior facial height. The posterior cranial base (S–Ar) and ramus height (Ar–constructed 
gonion Go) should be a ratio of 3:4. If the ramus height ratio is less than 3:4, it indicates a short posterior face height. A 
ratio greater than 3:4 indicates an excessive posterior facial height. A short posterior face height should be evaluated in 
connection with the mandibular plane angle and is suggestive of a condylar problem and, therefore, a more difficult case 
to treat. An increased posterior face height usually suggests a distracted condyle due to a functional shift and indicates 
the need for a splint. The fourth of these measurements is the ratio of the total facial height (measured from nasion to 
menton). If this value is considered to be 100%, the upper part of the face (nasion to anterior nasal spine) should be 
45% and the lower part (anterior nasal spine to menton) should be 55%, although men tend to be slightly longer in the 
lower third of the face.

11. What does the dental analysis indicate?
It indicates anteroposterior positioning of the teeth in relation to their basal bones. The long axis of the maxillary incisor 
should be angled at 104° to the cranial base. The long axis of the mandibular incisor should be angled at 90° to the 
mandibular plane.

12. What does the profile analysis assess?
Profile analysis permits appraisal of the soft tissue that covers the skeletal facial profile. Remember that the soft tissue 
profile is related to facial skeletal dimensions, tonicity of the soft tissue, and habitual posture of the face in the head in 
space. An easy way to evaluate the profile is to relate the face to Ricketts’ aesthetic plane (the line extending from the soft 
tissue nose tip to the soft tissue chin). The upper lip should lie 2 mm behind the plane; the lower lip should lie on the plane.

Table 27-1. Normal Values for Commonly Used Measurements

MEASUREMENT
MEAN VALUE 
(CAUCASIAN)

MEAN VALUE  
(AFRICAN-AMERICAN)

SNA 82 85

SNB 80 81

ANB 2 4

U1-NA 22 23

4 mm 7 mm

L1-NB 25 34

4 mm 10 mm

U1-L1 131 111

L1-MP 90 —

FMA 25 25

Facial axis 0–2 —

FMA, Frankfort-mandibular plane angle; L1-MP, mandibular incisor-mandibular plane; L1-NB, 
mandibular incisor-nasion to A-point plane; U1-NA, maxillary incisor-nasion to B-point plane.
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The nasolabial angle is formed at the base of the nose by a line drawn parallel to the base of the nose and a tangent 
drawn to the upper lip. It is also an important factor in establishing the anteroposterior position of the maxilla. The 
nasolabial angle should be 102° in both men and women, with a standard deviation of 8°. An acute nasolabial angle 
may be a reflection of maxillary dentoalveolar protrusion. To rule out the influence of the nose on this angle, the upper 
lip should be evaluated in relation to the vertical orientation of the face. The tangent drawn to the upper lip should be 8° 
in men and 14° in women, with the nasion perpendicular. An obtuse nasolabial angle or a decreased cant of the upper 
lip is an indication of a retrusive maxilla.

13. What is the Holdaway ratio?
The Holdaway ratio, which is used to evaluate chin retrusion or prominence, is an orthodontic method that relates the 
prominence of the mandibular incisor to the NB and the pogonion to the NB line. For an ideal Holdaway ratio, the lower 
incisor and the pogonion should be the same distance from the NB line. The ratio is depicted as 1:1. Per cephalometric 
standards, the lower incisor should be 4 mm in front of the NB line; therefore the chin also should be 4 mm in front of 
the NB line. It is important that the surgeon not advance the chin beyond the confines of the mandibular incisor teeth.

14. What are the applications of cephalometrics?
 • Diagnosis
 • Growth prediction
 • Visual treatment objective
 • Surgical treatment objective (STO)

15. How is the STO carried out?
The STO is carried out on a lateral cephalogram taken in centric position with the lips relaxed. A frontal facial picture with 
the lips relaxed and a picture with a wide smile on are also helpful in deciding the vertical positioning of the maxilla.

16. How do you evaluate the effect of treatment?
It can be evaluated by the process called superimposition. There are three basic types:

 • Overall superimposition is usually done by superimposing the anterior cranial base on the de Caster plane. 
After age 7 years, the sphenoethmoidal synchondrosis is fused, after which the anterior cranial basis is a stable 
structure that can be used for superimposition. This form of superimposition indicates the overall change in the 
maxilla and mandible in reference to the cranial base.

 • Maxillary superimposition is done by superimposing the anterior nasal spine on the palatal plane (ANS–PNS). It 
reveals the dental changes in the maxilla.

 • Mandibular superimposition is done by superimposing on the lingual aspect of the symphysis parallel to the lower 
border of the mandible or mandibular plane. It indicates the changes in the mandibular dentition due to the treatment.

17. Have there been any recent advancements in cephalometrics?
Yes. There are three major advancements:

 • Digital imaging
 • Computerized cephalometrics
 • Cone beam computed tomographic (CT) scan

18. What is digital imaging?
In digital imaging, a static or dynamic sensor is used to capture the image instead of a silver halide film.

19. What are the advantages of digital imaging?
 • Digital imaging allows the possibility of digital archiving.
 • The image can be digitally enhanced for better landmark identification.

20. What are the disadvantages of digital imaging?
 • Distortion, especially if a dynamic sensor is used for scanning.
 • Standardization ruler must be used. If not, magnification/constriction cannot be accounted for.

21. What is computerized cephalometrics?
Computerized cephalometrics is a process of using a scanned lateral cephalometric radiograph or digital radiograph and 
a computer to make a tracing that, in turn, is used to make measurements and superimposition (Figs. 27-7 and 27-8). 
The image can also be used to create multiple simulated treatments (STO) without destroying the initial image.
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Figure 27-7. Radiograph with 
computer-generated tracing and 
measurements superimposed.
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22. What is the advantage of computerized cephalometrics?
One of the greatest advantages is the ability to superimpose the tracing over a picture and manipulate the facial picture 
to match the changes made on the radiographic tracing. This procedure is called morphing (Fig. 27-9).

23. What are the disadvantages of morphing a picture?
Morphing can be performed only on the lateral profile, and the accuracy of morphing still is questionable.

24. What is cone beam CT?
Cone beam CT is an in-office CT scan that provides a three-dimensional image of the facial complex. This is the future 
of imaging in the field of orthodontics.

Cephalometrics is a valuable tool in the diagnosis and treatment planning of orthodontic and surgical cases, but it must 
be used only as an adjunct to clinical diagnosis. After all, we treat patients and faces, not x-rays.
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Pre-treatment Computer-morphed image Actual post-surgical
Figure 27-9. Comparison of pretreatment 
morphing and actual postsurgical result.
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PrinciPles of orthognathic surgery 28

 1. What is the Angle classification?
The universally accepted system for describing dental occlusion was developed by the orthodontist Edward Angle. 
The Angle classification regards the upper first molar as its point of reference and describes the anterior–posterior 
(mesial–distal) relationship between the maxillary and mandibular arches (Fig. 28-1).

In class I occlusion (neutroclusion), the mesiobuccal cusp of the maxillary first molar articulates within the buccal groove 
of the lower first molar.

In class II malocclusion, the lower arch is in a distal or posterior position relative to the maxillary arch. Thus, the 
mesiobuccal cusp of the maxillary first molar articulates with the distal portion of the mandibular second bicuspid and 
the mesial cusp of the first molar. Class II occlusion is subclassified into divisions 1 and 2, in which the anterior teeth are 
flared labially or palatally, respectively.

In class III malocclusion, the mandibular dentition is positioned mesially in relation to the maxillary dentition. Thus the 
mesiobuccal cusp of the first upper molar intercuspates with the distobuccal groove of the lower first molar.

 2. What do the terms centric occlusion and centric relation mean?
Centric occlusion refers to a position of maximal, bilateral, balanced contact between the cusps of the maxillary and 
mandibular arches.

Centric relation is the most retruded, unstrained position of the mandibular condyle within the temporomandibular joint 
(TMJ), that is, within the glenoid fossa. Ideally, in centric occlusion the condyle sits anatomically within the glenoid 
bilaterally, reflecting simultaneous centric occlusion and centric relation. A number of problems, however, can result 
in asymmetric, premature dental contact upon closure with an unbalanced slide into occlusion that distracts the 
condyle and destroys its unstrained position. With prolonged loss of centric relation the distracting forces may lead to 
muscular, soft tissue, and bony pathologic changes in and around the TMJ. In repositioning the maxillary and/or the 
mandibular arches, it is critical not to overlook the concept of centric relation while focusing primarily on achieving 
centric occlusion. When repositioning the jaws, therefore, the orthognathic surgeon must make certain that the condyle 
is properly seated within the TMJ before initiating rigid bony fixation.

CLASS I CLASS II CLASS III

Figure 28-1. Angle classification of 
dental occlusion. (From McCarthy JG, 
Kawamoto HK Jr, Grayson BH, et al: 
Surgery of the jaws. In McCarthy JG 
[ed]: Plastic Surgery. Philadelphia, WB 
Saunders, 1990, p 1193, with permission.)
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 3. What do the cephalometric relationships SNA, SNB, and mandibular plane angle signify?
Cephalometry is a scientific measure of the dimensions of the head. Based on a standardized technique, a lateral 
radiogram (cephalogram) is obtained and used for analysis of facial proportions. Some of the more commonly used 
landmarks include the following (Fig. 28-2):

 • Sella (S): Center of the pituitary fossa
 • Nasion (N): Most anterior point at the nasofrontal junction
 • A (A): Deepest midpoint on the maxillary alveolar process between the anterior nasal spine and the alveolar 
ridge

 • B (B): Deepest midpoint on the mandibular alveolar process between the crest of the ridge and the most anterior 
point along the contour of the symphysis (pogonion [Pog])

 • SNA: Angle that relates the maxilla to the cranial base (mean: 82° ± 3°)
 • SNB: Angle that relates the mandible to the cranial base (mean: 80° ± 3°)
 • The mandibular plane angle relates the posterior facial height to the anterior facial height. It is derived from the 
angle between the Frankfort horizontal plane and the mandibular plane. The mean mandibular plane angle is  
21° ± 3° and is more obtuse in patients with an anterior-open bite and/or micrognathia or retrognathia. Patients 
with a deep bite and/or the short face syndrome tend to have a more acute mandibular plane angle.

 • The Frankfort horizontal plane is formed by the line joining the point located at the most superior extent of the 
external auditory meatus (porion [Po]) with the lowest point on the inferior bony border of the left orbital cavity 
(orbitale [Or]).

 • The mandibular plane is formed by the line joining the most inferoposterior point at the mandibular angle (gonion 
[Go]) with the lowest point on the contour of the mandibular symphysis (menton [Me]).

 4. What is the normal amount of incisor show with the lips in repose and during smiling?
With the lips in repose, 2 to 3 mm of upper central incisor exposure is considered attractive. Up to 4 to 6 mm of show  
may be attractive in women as long as mentalis strain (manifested by chin dimpling) is not needed to achieve lip compe-
tence. With smiling, the full length of the upper incisors ideally should be visible with little or no evidence of gum exposure.

 5. Describe the classic vertical proportions of the face in profile.
The proportions derived from the so-called classic canons are used only as a point of reference (Fig. 28-3). Variation 
is the norm. What is considered “ideal” proportion has changed somewhat over the centuries and certainly differs 
with race and culture. It is often useful to evaluate the face in terms of vertically equal thirds. The hairline (trichion) 
to supraorbital rims represents the upper third; supraorbital rim to subnasale is the middle third; and subnasale to 
menton is the lower third. The lower third is often further subdivided: subnasale to stomion represents the upper third 
and stomion to menton the lower two thirds of the facial lower third. The upper lip in profile usually sits at the level of 
the lower lip or slightly anterior. The labiomental groove is approximately 4 mm deep in women and 6 mm deep in men. 
Changes in lip position, labiomental groove depth, and vertical dimension of the facial thirds can be key indicators of 
facial disproportion that may be corrected by orthognathic surgery.

 6. What is the value of a surgical splint in an orthognathic procedure? How are  
splints made?
Precise control of three-dimensional movements is necessary for surgically repositioning tooth-bearing segments 
of bone. This principle is critical in the achievement of a balanced, stable, and aesthetically pleasing bimaxillary 
relationship. However, after mobilizing an osteotomy segment, exact control of three-dimensionality can be difficult. 
Surgical splints are used to guide the movements of the osteotomized segments before performing rigid fixation. 
Preoperatively one obtains dental impressions of both jaws. From these impressions stone models of the upper 
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and lower dental arches are prepared. It is also necessary to acquire an occlusal registration from the patient (e.g., 
a wax bite). The models then are mounted together in their occlusal relationship onto an articulator. Based on a 
cephalometric and facial profile evaluation, the exact movements required at surgery are determined and performed on 
the stone models in a mock procedure. Then, with the model arches resting together in their final position of maximal 
intercuspation, a thin wafer of acrylic is allowed to harden along the occlusal surfaces. This represents the guiding splint 
that is used at the time of surgery to help determine bony repositioning.

 7. What is the rationale behind orthodontic preparation prior to orthognathic surgery?
The objective of presurgical orthodontics is to align the teeth properly over basal bone (i.e., maxilla and mandible) and  
to coordinate the two arches so that they fit together ideally at the time of surgical mobilization. Dental models are 
serially obtained during the period of orthodontia to determine precisely the dental movements that will result in a  
stable, class I occlusal relationship after surgery. In many patients dental compensations develop in response to  
long-standing skeletal deformity (e.g., flared lower incisors in class II cases, retroclined lower incisors in class III cases). 
Such compensations usually need to be corrected preoperatively to allow maximal postoperative dental intercuspation. 
This orthodontic correction results in a temporary, preoperative worsening of the deformity but ultimately leads to a 
more stable postoperative outcome.

 8. What are the most common osteotomies used to perform mandibular repositioning?
(1) Vertical and oblique ramus osteotomy, (2) inverted L osteotomy, and (3) sagittal split osteotomy. All three techniques 
can be used to perform a mandibular setback procedure for the treatment of mandibular prognathism. The sagittal split 
osteotomy is generally the procedure of choice for mandibular advancement in the treatment of micrognathia.

 9. Classify chin deformities.
A chin deformity may exist independently of an overall maxillary or mandibular deformity. A patient exhibiting class I 
occlusion and otherwise pleasing facial proportions may suffer aesthetically from an abnormally proportioned chin. 
Therefore osseous genioplasties may be performed alone or in conjunction with orthognathic procedures to improve 
facial harmony. A useful classification breaks down chin deformities into seven categories. Appreciation of the exact 
nature of the chin deformity helps to determine the specific method of skeletal or soft tissue correction required.

 • Macrogenia: Horizontal, vertical, or combination bony excess
 • Microgenia: Horizontal, vertical, or combination bony deficiency
 • Combined microgenia and macrogenia: Combination deformity; excess and deficiency in different planes
 • Asymmetric chin
 • Pseudomacrogenia: Normal bony volume with excessive soft tissue
 • Pseudomicrogenia: Normal bony volume with retrogenia secondary to excessive maxillary growth and associated 
mandibular clockwise autorotation

 • Witch’s chin deformity: Secondary to a soft tissue ptosis
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10. What is the long face syndrome? Suggest a basic surgical approach.
This appearance is associated with vertical maxillary excess. Physical findings may include excessive lower-third 
facial height, narrowed alar base, obtuse nasolabial angle, anterior-open bite with associated mentalis strain or 
lip incompetence, excessive gingival show and upper incisor display in repose and with smiling, and retrognathia 
associated with a backward autorotation of the mandible (clockwise rotation and obtuse mandibular plane angle, 
as seen on the lateral cephalogram). After prior orthodontic preparation, surgical treatment typically includes a Le 
Fort I osteotomy with maxillary impaction. A baseline class II malocclusion may not be corrected by a combination 
of maxillary impaction and mandibular autorotation. Correction of occlusion is achieved either by incorporating 
a posterior movement of the maxilla or by adding a mandibular advancement to the maxillary impaction. If a 
true microgenia exists (i.e., separate from the retrogenia caused by backward mandibular rotation), an osseous 
genioplasty may be added to achieve desired facial harmony. Decisions are based on an overall assessment of the 
patient’s facial profile and balance.

11. What is the short face syndrome? Suggest a basic surgical approach.
This appearance is associated with vertical maxillary deficiency. Physical findings may include decreased lower-third 
facial height, lack of incisor show with an edentulous appearance, widened alar bases, acute nasolabial angle, deep 
bite with excessively protruding chin, and an acute mandibular plane angle. Surgical treatment includes a Le Fort I 
osteotomy with downfracture. The procedure often necessitates an interposition bone graft to enhance stability and to 
prevent relapse. Often a horizontal maxillary advancement is also needed. A downward and/or backward movement of 
the chin is frequently required to address residual lower-third facial deficiency or chin protrusion.

12. Describe the vascular supply of the mobilized Le Fort I maxillary segment.
(1) The descending palatine artery (which divides into greater and lesser palatine vessels), (2) posterior superior 
alveolar artery, (3) infraorbital artery, (4) ascending palatine branch of the facial artery, which arises directly from the 
external carotid artery, and (5) palatine branch of the ascending pharyngeal artery, a branch of the external carotid 
artery. Note: The descending palatine, posterior superior alveolar, and infraorbital arteries arise from the internal 
maxillary artery.

The posterior superior alveolar and infraorbital arteries perfuse the maxillary buccal alveolus, periodontium, and teeth. 
The other vessels listed above, which provide palatal contribution, supply the majority of blood to the mobilized Le Fort I 
maxillary segment. In fact, anatomic studies indicate that the descending palatine artery is commonly sacrificed during 
Le Fort I pterygopalatine disjunction. As as result, the major vascular supply of the mobilized Le Fort segment relies on 
the ascending palatine branch of the facial artery and the palatine branch of the ascending pharygeal artery.

13. What are the risks of nerve injury during orthognathic surgery?
Sagittal Split Mandibular Osteotomy:

 • Neurosensory disturbance of the inferior alveolar nerve occurs in the vast majority of cases immediately after 
sagittal split osteotomy. However, long-term deficits (not all of which are symptomatic) occur in 10% to 15% of 
patients younger than 40 years.

 • Lingual nerve sensory disturbances are not common. Immediate postoperative tongue paresthesia secondary to 
lingual nerve injury probably occurs in less than 10% of patients. Long-term deficit occurs in less than 1%.

 • Facial paralysis or paresis secondary to facial nerve injury is extremely rare and typically is associated with 
mandibular setback procedures. Facial nerve disturbances associated with sagittal split osteotomies have resolved 
spontaneously in all reported cases.

 • Vertical ramus mandibular osteotomy involves an extremely low incidence of injury to either the inferior alveolar or 
the lingual nerves. With an intraoral approach to this procedure, facial nerve injury is also uncommon.

Genioplasty:

 • Long-term dysfunction of the distal inferior alveolar nerve (mental nerve) should occur in less than 5% of 
cases.

Le Fort I Osteotomy:

 • Temporary sensory disturbance resulting from traction injury to the infraorbital nerve and to the greater palatine 
neurovascular bundle is common immediately after Le Fort I osteotomy. Fortunately, these changes almost always 
resolve spontaneously over the ensuing weeks or months.

 • During downfracture of the maxillary segment the nasopalatine nerve is necessarily severed. This results in a 
sensory loss to the region of the premaxillary palatal mucosa that typically is self-limited or nonsymptomatic.
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14. What is the normal range of vertical mandibular opening in adults? Describe the 
normal motion of the TMJ.
The average interincisal opening is 40 to 50 mm. The first 20 to 25 mm of opening is provided by a hinge action of 
the TMJ. The remaining 15 to 20 mm of opening occurs through an anteroinferior translation of the condyle along the 
articular eminence. Vertical mandibular opening of 10 to 24 mm is severely limiting. An opening of 25 to 35 mm is 
functional but is not ideal. Excessive mandibular opening may be associated with laxity of the TMJ capsule and may 
result in joint subluxation or dislocation.

CONTROVERSIES

15. Does orthognathic surgery improve TMJ symptoms?
The relationship between TMJ dysfunction and malocclusion has been a subject of long-standing debate. Some  
patients with skeletal malocclusion habitually assume a convenient bite, sliding the mandible out of a centric relation 
position to approximate more closely a neutral class I dental relationship. With time, the associated strain on the  
TMJ may lead to symptomatic pathologic changes. By attempting to achieve simultaneous correction of both skeletal 
and dental occlusion (i.e., combining centric relation with centric occlusion), orthognathic surgery may relieve some of 
the abnormal forces applied to the joint. Overall, however, although it may prove beneficial in any given case, clinical 
reports are conflicting and do not suggest that orthognathic surgery reliably leads to an improvement in TMJ symptoms, 
probably because of the complex nature of TMJ disease in general.

16. What is progressive condylar resorption? What is its cause? How is it treated?
Condylar resorption occurs in adults and results in progressive retrusion of the mandible (high-angle mandibular 
deficiency). Progressive condylar resorption (PCR) occurs mainly in young females. The multiple theories about its cause 
include condylar avascular necrosis, increased TMJ estrogen responsiveness, and joint loading. Although some consider 
PCR to be a one-time event without recurrence, clinical reports have demonstrated multiple episodes of condylar 
resorption separated by intervals of quiescence. With respect to orthognathic surgery, TMJ loading after mandibular 
advancement may lead to postoperative PCR and clinical relapse. Opinion differs as to the treatment of PCR after 
orthognathic surgery. The application of maxillomandibular fixation is advocated by some to rest the condyles before 
allowing them to adapt gradually to the increased stress following mandibular advancement. Others believe that early 
and active TMJ function is indicated to promote optimal pericondylar blood flow and nutrition. Results of reoperation for 
relapse secondary to PCR have been disappointing, with evidence of renewed flare-ups of condylar resorption leading to 
further clinical relapse.
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Cleft OrthOgnathiC Surgery
Fernando Ortiz Monasterio, MD, and 

David L. Ramirez, MD

 1. What are the maxillomandibular abnormalities in cleft lip and palate patients?
In unoperated patients several changes have been described:

 • Misaligned dentoalveolar arch
 • Dentoalveolar bone gaps
 • Bone and tooth loss
 • Transverse maxillary collapse
 • Vertical and sagittal maxillary hypoplasia
 • Class III malocclusion with pseudoprognathism in the cleft side or protruding premaxilla in bilateral cases
 • Deviation of nasal spine, resulting in nasal asymmetry

 2. Do surgical procedures on the lip and palate contribute to these abnormalities?
Yes, lip surgery produces transverse forces that collapse the maxillary segments. Palatal surgery may have significant 
influence on the growth of the midface. Surgical scar tissue is known to interfere with growth. Early mucoperiosteal 
closure without subsequent orthodontics contributes to maxillary collapse. The volume of the oral cavity is decreased 
and the mandible projects anteriorly, resulting in true prognathism.

 3. What can we do to prevent these abnormalities?
 • Limit soft tissue dissection to minimize scar formation during the initial surgery
 • Early orthodontics to expand maxillary segments
 • Alveolar bone grafting to provide support for canine eruption and remodeling of the maxillary arch

 4. How often is orthognathic surgery needed in cleft patients?
Ross reported that in approximately 25% of adults with a repaired unilateral cleft lip and palate, orthognathic surgery 
is necessary to achieve an adequate functional relationship of the jaws and teeth; this evidently is also true for bilateral 
clefts. Although they are a good reference to have, the cephalometric criteria used by Ross underestimated the actual 
number of adolescents who would benefit from orthognathic surgery. Facial aesthetics should be considered in addition 
to skeletal measurements.

 5. Is orthognathic surgery avoidable in cleft patients?
All clefts are different. The main difference is the tissue deficiency. Orthognathic surgery may be avoided in many 
patients with refined surgical technique and optimal orthodontic care. In spite of good management during infancy 
and childhood, a subgroup of patients in adolescence manifest some of the abnormalities listed in Question 1. Patients 
who present for secondary care after receiving inadequate early treatment very commonly demonstrate the skeletal 
deformities that warrant orthognathic surgery.

 6. What are the most frequent orthognathic procedures performed in cleft patients?
Besides bone grafting, which should be done at approximately 8.5 years of age, the most common orthognathic 
procedure performed is Le Fort I type osteotomy to achieve maxillary advancement and elongation, followed by two-jaw 
surgery, segmental mandibular osteotomies, sliding genioplasty, and, in rare cases, segmental maxillary osteotomies.

 7. How does one prepare a cleft patient for orthognathic surgery?
To achieve optimal results following orthognathic surgery, it is necessary to complete the orthodontic preparatory work 
placing the maxillary segments in the best possible position, depending on the severity of the malformation. At the 
time of orthognathic surgery, it is mandatory to have a stable dental occlusion. For this reason, orthodontic treatment 
is planned to achieve that ideal occlusion at the time of surgery. This requires careful cephalometric analysis and 
performance of accurate model surgery. An occlusal splint should be prepared preoperatively to be used as a reference 
during the operation. It should be anticipated that the scar tissue, fistulas, and other soft tissue problems frequently 
found in secondary cases will limit the extent of maxillary mobilization.
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 8. What is the optimal timing to perform orthognathic surgery in cleft patients?
The maxillary or jaw deformity must be corrected when the permanent dentition is fully erupted, the teeth have been 
orthodontically aligned, and maxillomandibular growth is complete. Usually this is at 14 to 16 years in females and 16 to 
18 years in males. Corticotomies associated with osteogenesis distraction can be safely performed at an earlier age.

 9. What are the goals when performing a maxillary osteotomy?
 • To achieve a class I dental occlusion whenever possible
 • To obtain a normal facial convexity, eliminating the flattening of the middle third of the face
 • To advance the nasal spine to provide support to the nasal tip
 • To elongate the vertical dimension of the middle third of the face

10. What is the basic technique for a Le Fort I maxillary osteotomy?
See Fig. 29-1:

 • “Gullwing” incision in the vestibular mucosa slightly above the sulcus
 • Subperiosteal undermining of the anterior and lateral aspect of the maxilla to the pterygomaxillary junction
 • Subperiosteal undermining of the lower half of the nasal cavity
 • Horizontal or slightly oblique osteotomy
 • Osteotomy of the pterygomaxillary junction
 • Downfracture and mobilization of the maxilla
 • Maxillomandibular fixation (MMF) and rigid fixation with miniplates and screws
 • Removal of MMF and wound closure

11. Is the Le Fort I maxillary osteotomy technique performed differently in cleft 
patients?
Yes. The cleft usually manifests an alveolar bone gap that may produce unstable maxillary segments, a “two-piece 
maxilla” in the unilateral cleft, and a “three-piece maxilla” in the bilateral cleft. In these cases, an additional transversely 
oriented miniplate is used to realign and stabilize these separated segments. Posnick described a modified Le Fort I 
osteotomy in cleft patients in which the alveolar bone gap is closed by medial rotation of the lateral maxillary arch 
segments. This can be performed in unilateral or bilateral cases with good results (Figs. 29-2 and 29-3).

12. What is the main indication for two-jaw surgery?
Simultaneous maxillary advancement and mandibular retropositioning are indicated when major maxillomandibular 
discrepancy (>10 mm) is present. Although considerable maxillary advancement can be achieved in normal individuals, 
in cleft patients the advance is limited by maxillary scars produced by the original palatoplasty, and mandibular 
osteotomies are necessary to obtain good dental occlusion (Fig. 29-4).

13. How do you select the optimal technique for mandibular osteotomies?
If good occlusion can be achieved at the molar level by maxillary advancement, a segmental mandibular osteotomy 
is indicated. In this technique only the canines and incisors are mobilized posteriorly. Retropositioning this segment 

Figure 29-1. Le Fort I type 
osteotomy (maxillary advancement).
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results in an improvement of the facial profile with a normal labiomental groove. More severe discrepancies require 
retropositioning of the whole mandibular body by performing a bilateral sagittal split osteotomy. It is important to 
perform screw fixation of the split mandibular segments to eliminate the need for postoperative MMF.

14. What is the aesthetic effect of mandibular retropositioning? Is it enough?
Mandibular prognathism usually is associated with anterior displacement of the mandibular alveolar ridge, produced by the 
pressure of the tongue. This is manifested in the profile view by the absence of the labiomental groove. This is not corrected 
by mandibular retropositioning, and a sliding osseous genioplasty may be necessary to obtain a harmonious result.

15. What is the indication for a maxillary segmental osteotomy?
When the lateral incisor is missing and there is a gap in the alveolar bone, it is sometimes convenient to medially rotate 
the lesser segment so that the canine occupies the position of the lateral incisor. This may be done as an independent 
procedure or during a Le Fort I osteotomy, mobilizing the two segments independently resulting in advancement and 
rotation of the lesser segment.

Figure 29-2. Unilateral maxillary 
medial rotation of the lateral cleft 
side (modified Le Fort I osteotomy).

Figure 29-3. Bilateral maxillary 
medial rotation of the lateral cleft 
side (modified Le Fort I osteotomy).

Figure 29-4. Two-jaw surgery. 
Le Fort I osteotomy and bilateral sagittal 
split mandibular osteotomy are shown.
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16. Is velopharyngeal closure affected by a Le Fort I maxillary advancement?
In general, speech is not affected by maxillary advancement. Some studies suggest performing speech evaluation and 
nasopharyngeal endoscopy preoperatively in patients with borderline or established velopharyngeal insufficiency (VPI). 
These patients are at high risk for increased VPI after the advancement. Simultaneous or secondary pharyngoplasty 
should be considered in this group of patients.

17. Is the presence of a pharyngeal flap a limiting factor when performing a maxillary 
advancement?
No, a pharyngeal flap is not a limiting factor when performing a maxillary advancement. The pedicle of the flap is often 
found in a low position producing caudal tension. In this group of patients the pedicle should be reinserted in a higher 
position during the same procedure.

18. Are the results of orthognathic surgery in cleft patients permanent?
Minor to moderate relapse is observed after maxillary advancement despite adequate technique. This is related to soft 
tissue retraction and is more common in patients with scarred soft tissues. Segmental and sagittal split osteotomies 
maintain the benefit of the initial result without relapse.

19. What are the complications of orthognathic surgery in cleft patients?
Intraoperative bleeding requiring blood transfusion may occur in some cases. Dental malocclusion is observed as a 
result of inadequate preoperative preparation, and relapse of maxillary advancement is not uncommon. Incomplete 
union of bony segments may occur, especially following major maxillary advancement.

20. How do you treat relapse of a maxillary advancement?
The procedure should be repeated after 6 months. Distraction osteogenesis can be used to elongate the soft tissues and 
prevent further relapse. Once the desired advancement has been obtained by the distraction process, rigid fixation with 
miniplates and screws can be performed.
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Craniosynostosis
Jeffrey Weinzweig, MD, FACS, and 

Linton A. Whitaker, MD

 1. What is craniosynostosis? Who first described it?
Craniosynostosis designates premature fusion of one or more sutures in either the cranial vault or the cranial base. 
Although the term craniosynostosis was first used by Otto in 1830 to describe the entity of premature suture fusion, 
Hippocrates provided the first description of this anomaly in 100 bc. He noted the variable appearance of calvarial 
deformities and correlated it with the pattern of cranial suture involvement.

 2. What structure is currently believed to be the primary site of abnormality responsible 
for craniosynostosis?
The cranial suture. Three theories of the pathogenesis of craniosynostosis are proposed:

 • The suture is the primary site of abnormality, resulting in secondary cranial base deformities.
 • The cranial base is the primary site of abnormality, resulting in secondary cranial deformities.
 • The defect is in the mesenchymal blastema of both the cranial base and the cranial sutures.

The first theory is the most widely accepted. Cultured sagittal suture synostotic cells demonstrate higher alkaline 
phosphatase levels, thought to be related to osteoblastic cell activity. In addition, the doubling time is longer for 
synostotic cells than for both normal suture and bone, suggesting a potential cellular mechanism for growth 
deficiency.

 3. What structure is critical to suture patency?
The dura mater. The influence of the dura mater on the overlying cranial suture is integrally involved in determining the 
biology of the overlying suture. Studies have suggested that the dura mater exerts its influence on cranial sutures either 
by transmitting biomechanical tensional forces via fibrous tracts or by providing growth factors (e.g., fibroblast growth 
factors) and extracellular matrix components in a paracrine fashion. Osteoprogenitor cells within the dura mater may 
synthesize locally acting osteogenic-inhibiting factors that regulate suture patency and fusion.

Levine et al. demonstrated that the location of the dura mater–suture complex is important in determining either 
suture patency or closure in the rat posterior frontal suture model. Normal closure of the suture overlying the 
posterior frontal dura mater demonstrates that the dura mater itself, or forces derived in specific cranial locations, 
determines the overlying suture biology. Craniosynostosis likely results from abnormalities in the equilibrium between 
proliferation and differentiation of the osteoprogenitor cells of the cranial sutures from disturbances in signaling, 
tissue interactions, or a combination of these elements. Thus, the fate of the fusing and patent suture is thought to 
be directed by signals given from the dura mater to the overlying suture, as opposed to being intrinsic to the suture 
itself.

 4. How are cranial bones formed?
 • Intramembranous ossification begins at the end of the second month of gestation. A center of osteogenesis develops 
directly in vascularized mesenchyme. Expansion of the ossification center proceeds radially via appositional growth. 
Initially cancellous bone forms, but as trabeculae thicken and the bone becomes less porous, it becomes compact 
bone. Eventually each intramembranous cranial bone has enlarged to the point at which it articulates with an 
adjacent bone via a syndesmosis or suture. Growth then proceeds at the sutures. Until approximately 8 years of age, 
the intramembranous cranial bones are single plates of compact bone. After this time, they become two plates of 
compact bone, separated by marrow and cancellous bone, or diploë.

 • Endochondral ossification is the method by which the majority of the bones of the cranial base form. This 
method of ossification is more complex and proceeds by the replacement of preexisting cartilaginous models. 
Endochondral ossification is also the mode of ossification for the axial and appendicular skeleton. Cranial base 
articulations differ from those of the vault in that they are synchondroses—bones connected by cartilage instead 
of syndesmoses.
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 5. What are the two regions of the skull?
 • The viscerocranium or splanchnocranium is the facial skeleton.
 • The neurocranium houses the brain. The neurocranium consists of the vault, which forms its roof and walls, and the 
cranial base, which forms its floor.

 6. What is the primary stimulus for growth at the cranial suture?
Growth at the suture area is a secondary, compensatory, and mechanically obligatory event following the primary 
growth of the enclosed brain and ocular globes. The bones of the calvaria are displaced outward by the enlarging brain. 
Each bone of the domed skull roof responds to the expansion of the brain by depositing new bone at the contact edges 
of the sutures.

 7. At what age are brain volume and cranial capacity approximately 50% that of the 
adult?
At 6 months of age. Brain volume in the normal child almost triples within the first year of life. By 2 years, the cranial 
capacity is four times that at birth. For this rapid brain growth to proceed normally, the open cranial vault and base sutures 
must spread during phases of rapid growth. Craniosynostosis thus presents an obstacle to normal cranial vault growth.

 8. In which direction does cranial growth occur with relation to a synostotic suture? 
What is Virchow’s law?
In 1851, Virchow noted a cessation of growth in a direction perpendicular to that of the affected suture. As a result, 
growth proceeds (with or without overcompensation) in a direction parallel to the affected suture. This is Virchow’s law.

 9. What is the incidence of craniosynostosis?
Craniosynostosis is a relatively common congenital defect affecting approximately 1:2000 to 1:2500 live births 
worldwide. Most cases of nonsyndromic, single-suture synostosis are sporadic, whereas syndromic cases usually are 
inherited in an autosomal dominant or recessive pattern with variable penetrance, depending on the syndrome.

10. What is syndromic craniosynostosis? How common is it?
Craniosynostosis usually occurs as an isolated condition but also can manifest in association with a syndrome as part of a 
constellation of congenital abnormalities. The coronal suture is most commonly involved in these cases, as in Crouzon and 
Apert syndromes. More than 100 craniosynostosis syndromes have been described and attributed to specific mutations. 
Syndromic synostosis accounts for only 6% of all cases of craniosynostosis (approximately 2:100,000 live births).

11. Are growth factors involved in syndromic craniosynostosis?
Absolutely. Studies have demonstrated that mutations in fibroblast growth factor receptors (FGFRs) are associated with 
syndromic forms of craniosynostosis. Warren et al. demonstrated that noggin, an antagonist of bone morphogenetic 
proteins (BMPs), is expressed postnatally in the suture mesenchyme of patent, but not fusing, cranial sutures, and that 
noggin expression is suppressed by fibroblast growth factor-2 (FGF-2) and syndromic FGFR signaling. Because noggin 
misexpression prevents cranial suture fusion in vitro and in vivo, the authors suggest that syndromic FGFR-mediated 
craniosynostoses may be the result of inappropriate down-regulation of noggin expression.

Genetic and immunohistochemical investigations have demonstrated the importance of growth factors, including the 
FGFRs and the transforming growth factor beta (TGF-β) proteins, in the processes of both normal and premature cranial 
suture fusion. Jackson-Weiss, Crouzon, Apert, and Pfeiffer syndromes all are autosomal dominant conditions and have 
been linked with several different mutations in FGFR-2, which is a member of the tyrosine kinase superfamily and maps 
to areas on chromosome 10. A less severe form of Pfeiffer syndrome has been mapped to a region on chromosome 8, 
which is consistent with a mutation in the gene coding for FGFR-1. Thus, FGFRs are integrally linked with craniofacial 
abnormalities.

12. What is “functional” synostosis?
“Functional” synostosis is observed when cranial sutures do not appear synostotic radiographically but behave 
functionally as if they are fused (Fig. 30-1). A small segment of “suture bridging” that serves to fuse the suture in a 
limited region, but is not observed radiographically, is one explanation of this phenomenon.

13. What is the incidence of increased intracranial pressure with single-suture and  
multiple-suture involvement?
Using an epidural sensor device to monitor 121 patients with craniosynostosis, Marchac and Renier documented 
intracranial hypertension (intracranial pressure [ICP] >15 mm Hg) in 42% of patients with involvement of multiple 
sutures and in 13% of patients with only single-suture involvement. A progressive reduction of ICP over time was noted 
in patients who underwent cranial vault remodeling.
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14. What is the pathognomonic ophthalmologic sign of increased ICP?
Papilledema.

15. What does “thumb printing” or a “copper-beaten” appearance indicate?
Both terms describe the classic radiographic evidence of increased ICP on skull films. Imagine the craterlike surface of 
a golf ball or the irregular surface of hammer-beaten copper. Transfer those images to the inner surface of the cranium 
(Fig. 30-2) and voilà—thumb printing!

16. What is the most common isolated, nonsyndromic, single-suture synostosis?
Sagittal synostosis. It produces scaphocephaly, which is characterized by a narrow, elongated cranial vault and reduced 
bitemporal dimension (the basic “toaster head”). In terms of morphologic phenotypes, sagittal synostosis is seen in 40% 
to 55% of nonsyndromic cases. Coronal synostosis is the second most common (20% to 25%), followed by metopic 
synostosis (5% to 15%); lambdoid synostosis is rare (0% to 5%). More than one suture is affected in 5% to 15% of cases.

17. Which type of craniosynostosis is most often associated with hypotelorism?
Metopic synostosis. In addition to the more common finding of a palpable, midline forehead ridge, this type of 
craniosynostosis is associated with a decreased distance between the bony orbits (hypotelorism).

18. When does the metopic suture normally fuse?
Only the metopic suture normally fuses during early childhood. All other cranial sutures normally fuse much later in life, 
generally in the fourth and fifth decades, with complete fusion rarely occurring before the age of 30 years. In an attempt 
to define the normal temporal sequence of metopic suture fusion, Weinzweig et al. analyzed computed tomographic (CT) 
scans of 76 trauma patients, ranging in age from 10 days to 18 months, which provided normative craniofacial data to 
which similar data obtained from the preoperative CT scans of 30 patients who had undergone surgical treatment for 
metopic synostosis were compared. Weinzweig’s study established that the metopic suture normally fuses between 
6 and 8 months of age. In addition, evidence of partial suture fusion was present as early as 3 months of age. Therefore, 
a fused suture on CT scan after 6 months of age is not by itself diagnostic of metopic synostosis. Fusion of the metopic 
suture was found to be a progressive process initiated at the nasion and completed at the anterior fontanelle, in a 
manner analogous to a zipper closing, during this time interval.

Figure 30-1. “Functional” synostosis. Involved sutures do not appear synostotic radiographically but behave functionally as if they are fused. 
A small segment of “suture bridging” that serves to fuse the suture in a limited region but is not observed radiographically is one explanation of 
this phenomenon.
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Figure 30-2. Radiographic indicators of increased intracranial pressure. A “copper-beaten” appearance or “thumb printing” is shown by 
plain radiograph (A) as well as axial (B) and sagittal (C) views of three-dimensional computed tomographic (CT) scans following placement of 
multiple shunts. Scalloping of the inner calvarial table is appreciated on standard axial CT scan (D).

A B

C D

 19. What is a “metopic notch”?
Although an endocranial ridge is not commonly seen in patients with metopic synostosis, an endocranial notch 
can be observed on axial CT images and is virtually diagnostic of premature suture fusion. Weinzweig termed this 
radiographic finding the metopic notch, a morphologic abnormality that is seen in 93% of synostotic patients. 
A metopic notch is not seen in any nonsynostotic patients and therefore can be used to diagnose metopic synostosis 
even after the period of physiologic suture closure. This notch represents the anatomic site of attachment of the 
falx, a dural reflection off the crista galli with basicranial origins, and suggests a role for the cranial base in metopic 
suture fusion (Fig. 30-3).

 20. What is a “metopic groove”?
Whereas a metopic notch describes the endocranial finding on axial CT images in patients with metopic synostosis, 
a corresponding three-dimensional groove is found on the endocranial surface of the actual skull that extends from 
the nasion to the anterior fontanelle in these patients. Weinzweig termed this clinical finding the metopic groove, an 
anatomic abnormality that can reliably be found in patients with metopic synostosis (Fig. 30-4).

 21. What are the different types of nonsyndromic isolated craniosynostoses?
See Table 30-1.

 22. To which multiple-suture synostoses do the terms “tower skull,” “pointed head,” and 
“cloverleaf skull” refer?
Acrocephaly and turricephaly (“tower skull”) designate a type of untreated brachycephaly with an excess of skull height 
and vertical elongation of the forehead. There may be multiple-suture involvement in addition to bicoronal synostosis.

Oxycephaly (“pointed head”) is characterized by a retroverted forehead, tilted posteroinferiorly on a plane with the 
nasal dorsum. The forehead usually is reduced in the horizontal dimension with elevation in the region of the anterior 
fontanelle. There may be multiple-suture involvement in addition to bicoronal synostosis.
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Figure 30-4. Metopic groove. Intraoperative evaluation of the inner table of the anterior cranial vault of a previously untreated 9-year-old 
child with metopic and bicoronal synostosis and Crouzon syndrome demonstrates a metopic groove. Although Crouzon syndrome is commonly 
associated with bicoronal synostosis, this child had both a metopic notch and a metopic groove, pathognomonic findings consistent with 
metopic synostosis. The metopic groove typically extends from the nasion to the anterior fontanelle. Note the severe depressions of the inner 
table of the skull indicating increased intracranial pressure in this older child. Such findings are described as thumb printing, scalloping, or a 
copper-beaten appearance on radiographs.

A

B

Figure 30-3. Metopic notch. Axial computed tomographic images show the endocranial bony spur associated with normal metopic suture 
fusion (A) and the “Ω” (omega)-shaped metopic notch (B). Moderate ectocranial ridging is also appreciated in this patient.
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Head SHape abnormality affected SutureS

Scaphocephaly Sagittal

Frontal plagiocephaly Unilateral coronal

Occipital plagiocephaly Unilateral lambdoid

Frontal brachycephaly Bilateral coronal

Occipital brachycephaly Bilateral lambdoid

Trigonocephaly Metopic

table 30-1. Types of Nonsyndromic Isolated Craniosynostoses

cHaracteriStic crouzon Syndrome apert Syndrome

Affected sutures Coronal (most common), sagittal, lambdoid Coronal (usually)

Calvarial deformity Brachycephaly, scaphocephaly,  
  trigonocephaly, oxycephaly

Brachycephaly, turricephaly

Hand anomalies None Symmetric syndactyly of the hands  
 and feet

Ocular findings Nystagmus, strabismus, optic nerve  
 atrophy

Ptosis, antimongoloid slant of  
 palpebral fissure

Development Normal Retardation common

table 30-2. Distinguishing Characteristics of Crouzon Syndrome and Apert Syndrome

The Kleeblattschädel anomaly is characterized by a trilobed “cloverleaf skull” with bitemporal and vertex bulging. The 
spectrum of suture synostosis is broad; newborns with the deformity may show no evidence of sutural synostosis.

23. What characteristics differentiate Crouzon syndrome from Apert syndrome?
Crouzon and Apert syndromes both are characterized by craniosynostosis and a froglike facies secondary to exorbitism, 
telecanthus, and midface hypoplasia, all of which tend to be more severe in Apert syndrome. A number of additional 
features distinguish the two anomalies (Table 30-2).

24. Name three syndromes associated with hand anomalies.
 • Apert syndrome (acrocephalosyndactyly) is transmitted by an autosomal dominant mode of inheritance. It is 
characterized by craniosynostosis, exorbitism, midface hypoplasia, and symmetric syndactyly of the hands and feet. 
Although Tessier noted multiple additional characteristics of patients with Apert syndrome, syndactyly essentially 
differentiates it from Crouzon’s syndrome.

 • Pfeiffer syndrome is autosomal dominant in transmission. It is characterized by craniosynostosis, exorbitism, midface 
hypoplasia, and spoonlike thumbs and great toes.

 • Carpenter syndrome is autosomal recessive in transmission. It is characterized by craniosynostosis, polysyndactyly of 
the feet, and short hands with variable soft tissue syndactyly.

25. What is secondary craniosynostosis?
Any pathologic condition that interferes with the normal development of the cranial bones may cause a compensatory 
synostosis of the cranial sutures and secondary craniosynostosis. An abnormally high incidence of craniosynostosis has 
been seen in patients with hematologic disorders, malformations (microcephaly or encephalocele), metabolic disorders 
(hyperthyroidism, vitamin D–resistant rickets, mucopolysaccharidosis), and other disorders, such as Hurler syndrome 
and achondroplasia, that affect generalized skeletal development.

26. What is “slit ventricle syndrome”?
Slit ventricle syndrome occurs as a complication in 1% to 5% of patients after shunting procedures for hydrocephalus 
during infancy and was first described in the 1960s. These patients usually have had a shunt in place for years with 
overdrainage of cerebrospinal fluid resulting in very small ventricles. Slit ventricle syndrome is recognized as a triad 
of chronic, intermittent headaches accompanying findings of a slowly refilling shunt reservoir on physical examination 
and “slit” ventricles on radiographic evaluation. Additional radiographic findings include a “copper-beaten” appearance 
or “thumb printing” and scalloping of the inner calvarial table (Fig. 30-5). Excessive intracranial decompression may 
result in cranial vault collapse with secondary craniosynostosis. With continued brain growth within the now-restricted 
cranium, increased ICP recurs with potentially devastating consequences.



202 CranioSynoStoSiS

27. What is “postshunt craniosynostosis”? What causes it?
Following excessive intracranial decompression and ventricular collapse, cranial vault collapse ensues with resultant 
secondary or postshunt craniosynostosis. Craniosynostosis, which may involve multiple sutures or a single suture, 
results due to an unidentified signal that is conveyed to the cranial sutures secondary to this intracranial decompression, 
which erroneously indicates completed brain growth and provides the stimulus for suture fusion (Fig. 30-6).

Although the signals for sutural synostosis are more complex than cessation of brain growth and are potentially 
related to the overdrainage or intracranial decompression phenomenon associated with shunting, they remain poorly 
understood. As the brain continues to grow within the now-restricted cranium, increased ICP recurs. Patients’ symptoms 
are similar to those seen with shunt malformation; the most common complaints are repetitive or cyclical headaches 
and nausea and vomiting, correlating with increased ICP. Further shunting produces additional overdrainage, which 
exacerbates the ventricular collapse, thus creating a progressive cycle (Fig. 30-7).

Figure 30-5. Slit ventricle syndrome. Management of congenital hydrocephalus (A) with shunt placement results in 
ventricular collapse (slitlike ventricles) (B).

A B

Figure 30-6. Postshunt craniosynostosis. Cranial vault collapse can result in multiple suture craniosynostosis (A) 
or isolated sagittal synostosis (B).

A B
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28. How is postshunt craniosynostosis treated?
Management of this complex problem is complicated. Initial conservative treatment includes observation and medical 
therapy, including antimigraine treatment. With failure of conservative therapy, surgical intervention is warranted. 
Various surgical approaches have been described, including upgrading the existing shunt valve, adding a 
siphon-resistant component, or changing to a flow control valve for low-pressure symptoms. High-pressure symptoms 
pose a more difficult problem, and treatment has included shunt revision as well as cranial expansion and subtemporal 
decompression. Technical considerations have included dilating the ventricular system with subsequent reinsertion of 
a catheter, using endoscopy, fluoroscopy, or stereotaxis during revision, as well as performing a third ventriculostomy. 
In addition, morcellation of the posterior cranium or subtemporal craniectomy are used to expand or vent the skull to 
relieve the episodic increases in ICP.

Weinzweig et al. reviewed a series of patients who had undergone cranial vault expansion for management of 
postshunt craniosynostosis and slit ventricle syndrome refractory to other treatment modalities. The most frequent 
symptom of shunt malfunction was chronic headaches. Seizures, papilledema, bradycardia, and blindness occurred 
less commonly. Patients in this series demonstrated pancraniosynostosis, multiple sutural fusion, isolated sagittal 
synostosis, or “functional” synostosis with narrowed, overlapping sutures that were not actually fused. The majority of 
patients underwent bilateral frontoorbital advancement with frontotemporoparietal expansion; one patient underwent 
only posterior vault expansion. Improvement in cranial vault shape was achieved in all of the patients as well as 
improvement of neurologic symptoms in 75% of the patients. Thus cranial vault expansion is a useful approach in the 
management of the restricted cranium associated with slit ventricle syndrome and postshunt craniosynostosis.

29. How does one differentiate between deformational and synostotic plagiocephaly? 
Which is more common?
Synostotic frontal plagiocephaly, secondary to unilateral coronal synostosis, is an uncommon disorder that occurs in 
1:10,000 live births. It is approximately 2% as common as deformational plagiocephaly, although the true incidence 
of deformational plagiocephaly is unknown. Isolated unilateral lambdoidal synostosis is an extremely rare cause of 
synostotic occipital plagiocephaly, accounting for only 0.8% to 1.3% of all syndromic and nonsyndromic cases.

Deformational frontal plagiocephaly may result in an ipsilateral narrow palpebral fissure and lower eyebrow, 
inferiorly positioned ipsilateral ear, and no angulation of the nasal root. Each of these findings may or may not be 
observed in each case depending on the severity of the plagiocephaly and whether or not only the mid and upper 
frontal bone is involved with or without involvement of the supraorbital rim and orbit. Deviation of the chin toward 
the involved side and inferior positioning of the ear occur infrequently. From the vertex (“bird’s eye”) view, the 
deformational plagiocephalic cranium appears as though it has been compressed from forehead to opposite occiput 
(“parallelogrammic head”). The cheek and ear are retruded on the same side as the flattened forehead, with 
bossing of the ipsilateral posterior parietal bone and contrecoup flattening of the opposite occipitoparietal region.

Synostotic frontal plagiocephaly results in an ipsilateral widened palpebral fissure, superiorly and posteriorly displaced 
supraorbital rim and eyebrow, higher ipsilateral ear, and deviation of the nasal root toward the flattened side. The chin 
sometimes points to the contralateral side. The anterior fontanelle, if open, is displaced toward the normal side. Sutural 
ridging is inconsistently found in coronal synostosis; its absence does not exclude the diagnosis (Table 30-3).

Figure 30-7. Postshunt craniosynostosis: Sequence of events. CSF, Cerebrospinal fluid;  
ICP, intracranial pressure.

Post-Shunt Craniosynostosis: Sequence of Events

Shunt Ventricular collapse

Neurologic sx Cranial growth “complete”

Craniosynostosis
ICP

Shunt Ventricular collapse

Craniosynostosis
ICP

Brain growth

CSF “overdrainage”
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30. Once the diagnosis of deformational plagiocephaly is made in a 2-month-old infant 
with a pronounced posterior head shape abnormality, what is the appropriate 
management?
The parents should be advised to have the infant sleep prone or on his/her side to avoid applying further pressure to 
the flattened spot. If some degree of improvement is not appreciated within a few months, a molding helmet should 
be fabricated and worn 23 hours each day until normal cranial shape has been restored. Close follow-up every 
2 to 3 months is warranted. It is generally believed that little improvement in plagiocephaly will occur with the use of a 
helmet beyond 12 months of age, although some improvement is sometimes seen until 18 months of age.

31. What is the harlequin deformity?
The harlequin deformity is the characteristic radiographic finding in patients with synostotic frontal plagiocephaly. It 
describes the abnormal shape of the orbit due to ipsilateral superior displacement of the lesser wing of the sphenoid, 
creating an elongated oval, medial to lateral.

32. What is torticollis?
Torticollis, which literally means “twisted neck,” results from shortening of the sternocleidomastoid muscle. It is 
characterized by a tilting of the head toward the affected side; the chin points up and toward the opposite side. The 
shoulder is higher on the affected side, and the external ear is sometimes more prominent on the affected side. When 
the condition persists beyond a few weeks in infancy, an asymmetry develops in which the face and skull on the 
affected side appear smaller.

33. Is there an association between deformational plagiocephaly and torticollis?
Definitely. True torticollis—in which the head tilts toward the abnormal side—is present in 64% of children with 
deformational plagiocephaly. Ocular torticollis, in which the child attempts to correct for strabismus-induced diplopia by 
tilting the head toward the normal side, is present in approximately 50% of children with synostotic plagiocephaly.

34. What are the two goals of surgery for patients with craniosynostosis?
 • Decompression of the intracranial space (to reduce ICP, prevent visual problems, and permit normal mental development)
 • Achievement of satisfactory craniofacial form

35. What is the ideal timing for correction of craniosynostosis?
The thickness of the calvarial bone between 6 and 12 months of age usually is adequate to permit reconstructive 
osteotomies yet is soft enough to facilitate remodeling. Reconstructions performed in children earlier than 6 months of 
age have a greater likelihood of requiring subsequent procedures, including frontoorbital readvancement, whereas in 
children older than 1 year, bone gaps do not close in a predictable fashion.

36. When can defects of the skull be expected to spontaneously heal? How does this 
affect reconstructive plans?
Paige et al. evaluated the ability of the immature skull to spontaneously heal large bony defects created after 
frontoorbital advancement and anterior cranial vault reconstruction (FOAR) had been performed. They found 
that children who closed a bony defect following FOAR were significantly younger than were children who had a 
persistent bony defect. Thus healing of bony defects after FOAR is related to the child’s age at the initial operation, 
with a mean age for defect closure of less than 12 months. The authors noted that between 9 and 11 months of 
age, a change occurs that results in an increasingly lower probability of bony defect closure. Therefore all other 
factors being equal, initial FOAR ideally should take place before this occurs (i.e., within the first year of life).

anatomic feature SynoStotic deformational

Ipsilateral supraorbital rim High ± Posterior*

Ipsilateral eyebrow position High Normal

Ipsilateral ear Anterior and high Posterior

Ipsilateral cheek ± Posterior† ± Posterior

Nasal root Ipsilateral deviation Midline

Ipsilateral palpebral fissure Wide ± Narrow and high

Anterior fontanelle deviation Contralateral None

*Depends on whether or not the pressure on the frontal region is confined to the upper area, lower area, or both.
†This finding is related more to hypoplasia than malpositioning.

table 30-3. Deformational versus Synostotic Plagiocephaly
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37. Which reconstructive procedures are performed before 1 year of age? Which are 
performed after 1 year of age?
Frontal bone advancement with or without strip craniectomies, cranial vault remodeling, and shunt surgery for 
hydrocephalus are performed within the first year of life. Late procedures include Le Fort III advancement with or 
without concomitant frontal bone advancement (usually at 3 to 4 years of age), monobloc advancement, and jaw surgery 
(usually in early adolescence), which may include a Le Fort I osteotomy and genioplasty.

38. Is a strip craniectomy sufficient treatment for sagittal synostosis?
Possibly, depending on the severity of the cranial vault deformity. Sagittal or parasagittal strip craniectomy have been used 
successfully in many cases of isolated sagittal synostosis. Most cases of sagittal synostosis, however, require cranial vault 
remodeling, with removal of the affected suture and performance of frontal, parietal, and occipital “barrel-stave” osteotomies.

39. Is the treatment strategy for sagittal synostosis different in older children?
Definitely. Reconstruction of the scaphocephalic skull that results from sagittal synostosis is an age-dependent 
approach. The vast majority of such patients are surgically treated within the first year of life.

However, in a small percentage of patients with sagittal synostosis, diagnosis of a skull shape abnormality is delayed, 
as a result of either the subtleness of the scaphocephalic deformity or the lack of familiarity with the anomaly by the 
primary pediatrician. Despite the fact that all of these patients have the same diagnosis, they present with a myriad of 
anatomic deformities, including varying degrees of frontal bossing and occipital shelving. Delayed presentation because 
of a failure to appreciate the craniosynostotic abnormality often results in a more severe cranial vault deformity, with 
frontoorbital involvement in almost half of these patients.

Significant frontal bossing with involvement of the supraorbital bandeau and prominent occipital shelving will 
necessitate a total vault reconstruction with transverse frontoorbital expansion and resetting of the supraorbital bar 
inclination to prevent temporal indentations and ensure a smooth transition of the supraorbital bandeau and frontal 
bone. The decision to perform this extensive procedure in one stage (considerably more risk) or two will depend on 
several factors, including patient age and additional medical problems that might preclude such an undertaking. 
Similarly, mild to moderate frontal bossing in the absence of occipital shelving may require only an anterior two-
thirds vault reconstruction. Proper tailoring of the reconstructive procedure to address each anatomic abnormality 
should permit the management of all cases of sagittal synostosis, regardless of the extent of deformity.

40. How is metopic synostosis corrected?
Except in the mildest cases of trigonocephaly, supraorbital and frontal remodeling usually is necessary. Despite the fact 
that metopic synostosis is an uncommon form of craniosynostosis, with an incidence of less than 10% of all cases of 
craniosynostosis, the resultant deformity is readily recognized due to the prominent frontal keel, narrow forehead, and 
occasional hypotelorism. Removal of the deformed supraorbital bar and flattening of the nasion angle, using a midline 
osteotomy, facilitates correction with a frontoorbital advancement.

With more severe cases of metopic synostosis, in which hypotelorism is present, a nasofrontal osteotomy is performed 
before attachment of the supraorbital bar to the inferior midfacial segment. The frontonasal junction is separated 
with an osteotome, and a bone graft is inserted. This procedure immediately increases the intercanthal distance and 
partially corrects the hypotelorism. However, a nasofrontal osteotomy also increases the risk of distortion of nasal 
growth so unless the hypotelorism is extreme, it is probably better to leave it as is because some degree of spontaneous 
improvement occurs following treatment of metopic synostosis.

41. What is the appropriate treatment of an infant with bilateral coronal synostosis and 
a moderate degree of exorbitism? Is this approach useful in an infant with syndromic 
synostosis (Crouzon or Apert syndrome)?
The Tessier type of frontal bone advancement is advocated for the infant with bilateral coronal synostosis and a 
moderate degree of exorbitism as well as the infant with syndromic synostosis. The osteotomies are made across the 
nasofrontal junction, across the roof of the orbit, and along the lateral orbital walls. Osteotomy extensions are made 
into the temporal fossa to provide a tongue-in-groove arrangement that obviates the need for bone grafts for fixation 
purposes. Advancement of the frontal bandeau (supraorbital bar) more than 20 mm can be performed in this manner, 
with significant expansion of orbital volume. The frontal bone flap is then wired or plated to the advanced supraorbital 
bar. Closure of the scalp after significant frontal bone advancement can be facilitated by the temporary use of large stay 
sutures or by scoring of the galea.

42. How does treatment of unilateral coronal synostosis (plagiocephaly) differ from 
treatment of bilateral coronal synostosis (brachycephaly)?
Early approaches to the treatment of plagiocephaly included simple coronal strip craniectomies and extended strip 
craniectomies with removal of the involved suture, but these procedures do not reliably produce upper craniofacial symmetry.
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Although plagiocephaly is a unilateral malformation, some surgeons prefer to perform bilateral forehead remodeling 
along with removal and modification of a single supraorbital bandeau extending across both orbits. In selected cases, 
this technique permits simultaneous restoration of forehead symmetry as well as correction of the anteroposterior 
position and superoinferior discrepancy of the supraorbital rims. Plagiocephaly reconstruction is very similar to 
brachycephaly correction in that, in some cases, a bilateral approach may be optimal; however, orbital symmetry 
presents a greater problem in the case of plagiocephaly, requiring anteroinferior and slight medial translocation of the 
affected supraorbital rim.

Our approach to the treatment of unicoronal synostosis is a tailored one. In many cases of unicoronal synostosis, an 
excellent result can be obtained from a unilateral approach in which the supraorbital bandeau on the affected side is 
osteotomized and advanced. This osteotomy usually extends just past the midline to encompass the entire extent of the 
bony deformity. Advancement of the contralateral bandeau often is not necessary. The anterior cranial vault is contoured 
to accommodate both sides of the supraorbital bar and yield a seamless reconstruction (Fig. 30-8).

A B

C D

Figure 30-8. Bilateral frontoorbital advancement and cranial vault remodeling. A, B, Lateral and oblique views of the lines of 
osteotomy. C, D, Lateral and oblique views after advancement of the frontoorbital segment and repositioning of the frontal bone flap. 
Resorbable plates and screws are used for fixation. The position of the tenon denotes the amount of skeletal advancement that was 
achieved. (From McCarthy JG, Hollier LH: Reconstruction: Craniosynostosis. In: Mathes S [ed]: Plastic Surgery, 2nd ed. Philadelphia, 
WB Saunders, 2006, p 473.)
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43. What is a Le Fort III advancement osteotomy?
A Le Fort III advancement osteotomy is performed for the purpose of advancing the midface in the patient with 
severe midfacial retrusion. The bony framework of the nose is divided at the nasofrontal junction. The osteotomy 
line is continued backward across the medial wall of the orbit on each side, then downward to the floor of the orbit. 
A narrow osteotome is used to section the delicate lamina papyracea of the ethmoid, which forms the portion of the 
medial wall posterior to the lacrimal bone. A transverse cut is made across the orbital floor and joins the inferior 
orbital fissure to the lower end of the medial wall osteotomy.

The lateral orbital wall is sectioned transversely in the region of the frontozygomatic suture line or above it. The orbital 
contents are retracted medially, and the lateral orbital wall is divided at its junction with the cranium. The zygomatic 
arch is similarly sectioned. The lateral orbital wall osteotomy is continued inferiorly and posteriorly through the 
pterygomaxillary fissure. Once the osteotomies have been performed, the midfacial skeleton can be loosened with the 

Figure 30-9. Subcranial Le Fort III osteotomy. A, Lateral view showing 
the pathologic process. Note the midface hypoplasia, anterior crossbite, 
and anterior open bite. B, The lines of osteotomy: across the nasofrontal 
junction, through the medial orbital wall, floor of the orbit, full thickness 
of the lateral orbital wall, zygomatic arch and retromaxillary area, and 
pterygomaxillary junction. C, Mobilization of the osteotomized segment 
and the resulting skeletal defects. (From McCarthy JG, Hollier LH: 
Reconstruction: Craniosynostosis. In: Mathes S [ed]: Plastic Surgery, 2nd 
ed., Philadelphia, Saunders, 2006, p 478.)

A

B
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Rowe disimpacting forceps. Bone grafts are placed in the defects of the nasofrontal junction, and, occasionally, the 
lateral orbital wall and pterygomaxillary fissure. After intermaxillary fixation, interosseous wires or miniplate fixation is 
used to stabilize the nasofrontal, zygomaticofrontal, and zygomaticotemporal osteotomies (Fig. 30-9).

44. When should a Le Fort III advancement osteotomy be performed with a simultaneous 
Le Fort I osteotomy or frontal bone advancement?
The combination of Le Fort III and Le Fort I osteotomies permits differential advancement of the midface and maxillary 
segments. This approach is indicated for patients in whom the deformity is restricted to the upper aspects of the 
midface (exorbitism and maxillary hypoplasia) and in whom dental occlusal relationships are within acceptable range. 
Le Fort I osteotomy is performed superior to the apices of the teeth and below the infraorbital nerve. It is continued 
medially and superiorly to terminate at the upper margin of the piriform aperture. The osteotomy continues laterally to 
join the pterygomaxillary fissure. This procedure is indicated only rarely, as instability of the bony segments can easily 
occur if the Le Fort I and III components are separated, in which case you would be left with only a portion of the orbits 
(Fig. 30-10).

The combination of Le Fort III and frontal bone advancement osteotomies permits simultaneous advancement of 
the midface as well as the frontal bone. This approach is preferred in patients with brachycephaly and midfacial 
retrusion. Once the frontal bone flap is removed, the supraorbital osteotomy is extended horizontally to the region of 
the temporal fossa and continued in stepwise fashion inferiorly toward the base of the skull. The step design of this 
osteotomy permits bony contact after advancement of the frontal bandeau. The osteotomy is continued in a horizontal 
fashion through the lateral orbital wall and roof posteriorly. The procedure is completed by performing the Le Fort III 
osteotomy. This combination permits simultaneous advancement of the frontal bone, part of the roof, and lateral wall 
of the orbits. In essence, this combination of osteotomies constitutes the equivalent of a monobloc advancement.

Controversies

45. What is a monobloc advancement? Is it safe?
Thirty years ago, Ortiz-Monasterio popularized a method of increasing orbital volume for the correction of severe 
exorbitism by the simultaneous advancement of the forehead, orbits, and midface. The lines of osteotomy for the 
monobloc advancement are similar to those for the combined Le Fort III/frontal bone advancement except that the 
nasofrontal junction and frontozygomatic suture are not osteotomized. Inclusion of the orbits with this advancement 
results in a considerable expansion of orbital volume (Fig. 30-11).

Although this procedure is advocated by a number of highly experienced surgeons, including Tessier, the 
increased risk of infection and associated cerebrospinal fluid leak remains a significant concern. This risk is due 
to the communication created between the nasal and intracranial cavities by the osteotomy design. Despite the 
use of pericranial flaps to separate these cavities, the increased risk associated with their potential persistent 
communication remains.

46. Is there a role for alloplastic bone substitutes during craniosynostosis reconstruction?
Over the past decade, a multitude of biomaterials, typically pastes and cements composed of calcium phosphate, have 
been promoted as “bone substitutes” for osseous augmentation and reconstruction of the craniofacial skeleton with 
expectations that these compounds would provide a structural lattice during the remodeling phases of healing and 
would be fully replaced by host bone over time. Others have promoted carbonated calcium phosphate compounds 
that crystallize in situ to more closely resemble the mineral phase of bone, thus offering the potential for enhanced 
bioresorption and osteoconductivity without restriction of craniofacial growth. Reports of fistula formation, infection, 
cement microfragmentation, and other complications following the use of these biomaterials discourage their use by 
some. Proper use of these biomaterials, including avoiding sinuses, using limited amounts of material, and avoiding 
contact with the dura, can minimize or eliminate the incidence of the aforementioned complications.

The precise age at which such bone substitutes can be safely used in the growing calvarium remains controversial. 
Of those surgeons who include such substitutes in their surgical armamentarium, the majority resort to their use more 
commonly during secondary cranioplasty procedures for the correction of residual cranial defects following primary 
craniosynostosis reconstruction several years earlier, rather than during the initial procedure.

47. Is there a role for the endoscopic approach to craniosynostosis reconstruction?
The role of endoscopic-assisted strip craniectomies/suturectomies combined with postoperative skull molding helmets 
for correction of various forms of craniosynostosis is currently one of the most controversial topics in craniofacial 
surgery. The essential features of treating craniosynostosis are (1) release of the fused suture and (2) remodeling of 
the cranial vault deformities. Limited surgical approaches rely on the potential of the expanding brain to correct the 
skull deformity following release of the skull restriction at the fused suture and guidance provided by a molding helmet. 
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Figure 30-10. Combined Le Fort III–Le Fort I osteotomy. A, Lateral view of the preoperative deformity showing that the hypoplasia in 
the orbital–maxillary area is different from that at the maxillary occlusal plane. B, Lines of osteotomy. Arrows designate the direction of 
movement of the skeletal segments. C, View after mobilization of the osteotomized segments. D, Appearance after placement of interposition 
bone grafts and the establishment of rigid skeletal fixation. (From McCarthy JG, Hollier LH: Reconstruction: Craniosynostosis. In: Mathes S 
[ed]: Plastic Surgery, 2nd ed. Philadelphia, WB Saunders, 2006, p 484.)
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Figure 30-11. Monobloc osteotomy. A, Preoperative lateral view showing severe midface hypoplasia with associated retrusion 
of the supraorbital rim and frontal bone. There is also an anterior crossbite. B, Lines of osteotomy. Note the projected vectors 
of advancement. C, Lateral view after mobilization of the monobloc, supraorbital, and frontal bone segments. Note the resulting 
skeletal defects. D, Lateral view showing interposition bone grafts with the establishment of rigid skeletal fixation with plates and 
screws. (From McCarthy JG, Hollier LH: Reconstruction: Craniosynostosis. In: Mathes S [ed]: Plastic Surgery, 2nd ed. Philadelphia, WB 
Saunders, 2006, pp 487–488.)
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As endoscopic procedures, once limited to strip craniectomies, have been expanded to be more comprehensive, they 
continue to have a reduced ability to stop bleeding from remote bleeding points. Thus, although good results have been 
obtained using the endoscopic approach and the advantages of this technique have been reported to include decreased 
operative time, decreased need for intraoperative transfusions, and earlier hospital discharge, they must be balanced 
with reports of dural tears, pseudomeningoceles, and life-threatening injuries of the sagittal sinus.
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PrinciPles of Distraction osteogenesis
Stephen M. Warren, MD; Sacha Obaid, MD; and 

Joseph G. McCarthy, MD

 1. What is distraction osteogenesis?
Distraction osteogenesis is the generation of viable bone by the gradual separation of osteotomized bone segments. The 
force and tension applied to the separated bone ends signals the body to form new bone in the gap between the bony 
edges. In so doing, a bone can be lengthened over time to treat skeletal deficiencies.

 2. How long has the concept of skeletal molding been in use?
The concept of skeletal molding has been practiced by various cultures for thousands of years. A study of Neanderthal 
skulls (45,000 bc) may represent the first demonstration of cranial molding. The ancient Egyptians favored an elongated 
skull and pointed chin, such as those of Nefertiti. The ancient Greeks applied a mold to an infant’s head shortly after 
birth to give it a shape symbolic of aristocracy. The practice of head molding by application of a headdress or bandeau 
continued in the middle ages in France, where conical head shapes were believed to be a sign of aristocracy. The 
Chinook tribes in North America, also known as the Flathead Indians of the Pacific Northwest, placed infants in a cradle 
board that compressed the occiput and forehead between two pieces of wood to create a tall, posteriorly inclined 
forehead and a flat occiput.

 3. Who performed the first distraction?
Codvilla, in 1905, reported performing an osteotomy of the femur and then applying external traction to lengthen the 
lower extremity. Abbot, in 1927, published a similar report. The biologic principles were insufficiently studied, and the 
devices were poorly designed, causing the technique to be fraught with complications.

Ilizarov, a Russian orthopedic surgeon, noted new bone generation in response to the mistaken distraction of two ends 
of a fractured bone by a device that was intended to compress the two fractured ends. He studied this observation in 
the laboratory and performed distraction on canine tibias. Eventually, he applied the technique to humans with lower 
extremity skeletal deficiency.

McCarthy and his team at New York University first applied the techniques of distraction osteogenesis to the 
membranous bones of the craniofacial skeleton in a series of canine mandible studies. McCarthy eventually introduced 
clinical craniofacial distraction in 1989 with the first successful distraction of the human mandible.

 4. What are the phases of distraction?
Distraction occurs in three phases. The first, or latency phase, occurs just after the performance of the osteotomy/
corticotomy and application of the distraction device. During the latency phase, time is provided for reparative callus 
formation in the distraction zone. The latency period can last from 1 to 7 days depending on the age of the patient and 
the site of distraction. Following the latency period, gradual distraction forces are applied during the activation phase to 
separate the edges of the bone segments and elongate the intersegmentary callus under tension, leading to new bone 
formation. At the end of activation, the distracted bone is maintained in fixation to allow for consolidation of the newly 
formed bone—the consolidation phase, which typically lasts for 8 weeks.

 5. What are the four zones of tissue generation in the intercalary gap?
Four zones of tissue formation are found in the intercalary gap between the two ends of osteotomized bone. The first 
zone is a fibrous central zone with longitudinally oriented fibrous bundles. Adjacent to this is a transition zone that 
features osteoid formation along the collagen bundles in the distraction gap. The third zone is the remodeling zone, 
where osteoclasts work to remodel the newly formed bone. Finally, the fourth zone is a zone of mature bone (Fig. 31-1).

 6. What are the three types of distraction?
The three types of distraction are unifocal, bifocal, and trifocal. In unifocal distraction, a single osteotomy is 
made and distraction forces are applied by a device attached by screws on either side of the osteotomy. Bifocal 
distraction can be used when trying to close an existing gap between two ends of a bone. An osteotomy is made 
near the border on one side of the bony defect to create an island of bone called a transport segment. Three sets 
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of pins are placed: two on either side of the osteotomy (i.e., in one end of the bone and in the transport segment) 
and another on the other side of the defect. Distraction forces then are applied, separating the transport segment 
of bone from its original location and advancing it across the bony defect. New bone is generated behind the 
advancing transport segment. Finally, trifocal distraction is similar to bifocal distraction except that osteotomies are 
created on both ends of a bone with a bony gap. Thus two transport segments are created, which are advanced 
toward each other to close the defect (Fig. 31-2).

 7. Can distraction be performed without an osteotomy?
Distraction can be performed without an osteotomy; this is called transutural distraction. Orthodontic maxillary arch 
expansion using a device placed across the palatine suture is one example. Distraction osteogenesis is also seen in 
nature as the rapidly enlarging brain of an infant separates the individual cranial bones, leading to deposition of new 
bone at the cranial sutures.

 8. What is distraction histogenesis?
The term distraction histogenesis emphasizes not only the generation of new bone with distraction but also the 
lengthening and generation of additional soft tissues. The associated skin, muscle, nerves, and vascular tissues lengthen 
in concert with the lengthened bone. Distraction histogenesis accounts for the decreased force needed to lengthen 
bone and the subsequent decreased relapse rate when a bone is lengthened by distraction, as opposed to that following 
surgical advancement.

1:  Fibrous central zone
2:  Transition zone
3:  Remodeling zone
4:  Mature bone zone

4 3 2 1

Figure 31-1. Four distinct zones of 
tissue formation in the newly generated 
bone during distraction osteogenesis. 
(From Karp NS, McCarthy JG, Schreiber 
JS, et al: Membranous bone lengthening: 
A serial histological study. Ann Plast Surg 
29:2–7, 1992.)
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Figure 31-2. Three different types of distraction: 
Unifocal, bifocal, and trifocal. (From McCarthy 
JG: Distraction of the Craniofacial Skeleton. 
New York, Springer-Verlag, 1999.)
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 9. What is “molding of the generate”?
During the phases of activation and early consolidation, the newly generated bone can be molded to create the shape 
desired by the surgeon, irrespective of the location of the original osteotomy made in the bone and the vector of 
distraction. In a canine model, mandibles distracted to create an anterior openbite of 30 ° could have the openbite 
closed by applying a constant molding force to the generate bone. Guiding dental elastics and/or angulation of 
distraction devices can mold the distracted human mandible to create a more acceptable dental occlusion.

10. What is tensile stress? Tensile strain? Young’s modulus of elasticity?
The application of force to an elastic object causes deformation of that object. The effect of applied force is referred 
to as stress. The resulting deformation that results from the stress is called strain. Tensile stress is calculated as the 
force divided by the cross-sectional area across which it is applied. Tensile strain is calculated as the change in length 
of an object divided by the original length. Young’s modulus of elasticity is the mathematical description of an object 
or substance’s tendency to be deformed along an axis when opposing forces are applied along that axis. The elastic 
modulus is defined as the ratio of tensile stress to tensile strain.

It is believed that mechanical stress applied to the healing fracture signals the body to produce new bone and directs 
the bone to be formed along the fracture gap. In addition, tensile strain determines when the body is capable of forming 
bone. For example, at an activation rate of 1 mm/day and an osteotomy defect of 1 mm, the strain is 100% on the first 
day of activation. By activation day 10, when the fracture gap is 10 mm, the tensile strain has decreased to 10%. Bone 
cannot tolerate more than 1% to 2% tensile strain. For this reason, bone formation is not seen in the distraction zone 
until approximately 4 weeks of activation.

11. What is the range of nominal strain in the mandibular distraction gap?
Because the area on which the tensile stress changes with time, the concept of nominal strain is important. Nominal 
strain in turn is the strain calculated with respect to the original length of the bone prior to beginning distraction 
osteogenesis. The nominal strain in the distracted rat mandible is 10% to 12.5% during the activation phase.

12. What is mechanical transduction? What are the mechanicobiologic principles 
thought to guide mesenchymal tissue differentiation?
Mechanical transduction is the process by which mechanical signals stimulate and direct tissue differentiation. In 
studies of the mechanobiology of skeletal regeneration, it was found that cyclic hydrostatic pressure can lead to 
cartilage formation. Similarly, high tensile strain leads to fibrous tissue formation, and a combination of hydrostatic 
pressure and tensile strain leads to fibrocartilage formation. If the vascular supply is adequate, low hydrostatic stress 
and tensile strain can signal the direct formation of bone. If mild hydrostatic tension is applied as well, the rate of bone 
formation can be accelerated.

13. What is the theoretical mechanism for new bone formation?
Shortly after the bone is divided, there is hematoma formation and migration of inflammatory cells into the fracture 
gap. The zone of injury is relatively hypoxic, causing an angiogenic response with up-regulation of vascular endothelial 
growth factor, which stimulates the migration of primitive mesenchymal cells and the synthesis of collagen I matrix. 
Angiogenesis is a precursor to osteogenic activity, and canine distraction models have shown blood flow increased up to 
10 times that of controls. The increase in blood flow peaked at 2 weeks postoperatively. Elevated blood flow two to three 
times control values was observed for as long as 17 weeks postoperatively.

As the distraction device is activated, there is a marked increase in transforming growth factor beta-1 (TGF-β1), 
which induces collagen deposition and the formation of noncollagen extracellular matrix proteins. Tapered cells, 
similar in morphology to fibroblasts, and new blood vessels are organized in a longitudinal fashion along the 
distraction vector. Approximately 14 days after activation of the device, osteoid synthesis and mineralization become 
apparent. Three weeks after activation, calcification of the linear oriented collagen bundles occurs in response to the 
up-regulation of osteocalcin. This is followed by the appearance of osteoblasts along the collagen bundles and the 
formation of bony spicules that extend from the edges of the osteotomy toward the central portion of the distraction 
zone. Progressive calcification of the generate bone occurs, and the bony defect is closed. The newly formed bone 
continues to remodel with the appearance of osteoclasts and the generation of lamellar bone with marrow elements 
of adequate volume.

14. What are the molecular signals that play a role in distraction osteogenesis?
A marked increase in TGF-β1 is seen 3 days after the creation of the fracture. TGF-β1 plays a regulatory role in the 
induction of collagen deposition and the formation of noncollagen extracellular matrix proteins, which are involved 
in the mineralization and remodeling of bones. TGF-β1 activates vascular endothelial growth factor (VEGF) and 
fibroblast growth factor-2 (FGF-2). TGF-β1 also plays a regulatory role in osteoblast migration, differentiation, and bone 
remodeling.
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The bone morphogenetic proteins (BMPs) are growth factors belonging to the TGF-β superfamily of proteins. During the 
first 4 days after fracture formation, BMP-2 and BMP-4 are markedly up-regulated. During the activation phase, BMP-2, 
BMP-4, and BMP-7 remain up-regulated. The elevated levels of BMPs continue well into the consolidation phase.

Insulin-like growth factor-1 (IGF-1) is a skeletal growth factor that is elevated during early activation.

FGF-2 stimulates osteoblast proliferation and enhances bone formation. In addition, FGF-2 augments the expression of 
TGF-β1 and its myriad pro-osteogenic effects. FGF-2 is elevated during distraction osteogenesis.

Osteocalcin is initially decreased in the latency phase but is increased in the activation phase. Osteocalcin helps to 
control mineralization and bone remodeling. The rigidity and hardness of bone are attributable to mineralization of the 
extracellular matrix.

VEGF, which is up-regulated 5 to 7 days after osteotomy, is an angiogenic cytokine that regulates the budding and 
growth of new vessels from existing vascular structures. This is critical in establishing blood flow to the initially hypoxic 
area at the fracture gap.

15. What are the two basic types of distraction devices?
Internal devices are almost entirely buried beneath the soft tissues except for a small activation arm that exits the skin 
and is accessible for turning. External devices are placed almost entirely outside the skin with the exception of multiple 
pins that pass through the skin and into the bone.

16. What are the advantages of distraction osteogenesis compared with traditional 
surgical movements of the craniofacial skeleton?
Distraction osteogenesis has many advantages compared with conventional surgical movements. It is a simpler, often 
less invasive, operative procedure with reduced need for blood transfusion and with lower morbidity, especially with 
regard to infection and reduced operative time and hospitalization. Because distraction osteogenesis is less invasive, 
it can be performed at a younger age. Because the bone must be exposed only at the site of the osteotomy, less 
subperiosteal elevation is required, which in turn prevents devitalization of the bone. The avoidance of bone grafts with 
distraction prevents the associated morbidity of a distant operative site and the potential complications that may occur 
to the bone graft, including resorption, nonvascularization, and infection. Another advantage of distraction is that the 
soft tissues are gradually lengthened, causing new soft tissue formation in addition to bone generation, a process called 
distraction histogenesis. The formation of new soft tissue causes the soft tissue to exert less pressure on the lengthened 
bone, thus contributing to a lower relapse rate compared with bone advanced by conventional craniofacial surgical 
techniques.

17. What are the disadvantages of craniofacial distraction?
Distraction osteogenesis does have some disadvantages compared with conventional surgical movements of the 
craniofacial skeleton. The most obvious is that distraction osteogenesis represents a prolonged therapy, typically lasting 
at least 3 months and requiring multiple clinical visits and close postoperative follow-up. Often external distraction 
devices need to be placed. They are visible and may cause scarring. Finally, because the optimal occlusion is not always 
obtained at the time of the initial operation with distraction, the generate bone often must be molded using elastics or 
device manipulation to achieve the optimal occlusion.

18. Are there age limits on distraction?
There are no age limits as to when distraction can be performed, provided the patient is physiologically capable of 
undergoing the operation. Successful distraction of neonates younger than 1 month can be performed to prevent 
tracheostomy in patients with micrognathia and associated upper airway obstruction. Despite a documented decrease in 
osteogenesis with advancing age, this is not a contraindication to distraction as clinical and experimental studies have 
shown successful long bone and mandibular distraction in older subjects.

19. Can irradiated bone be distracted?
In 1994, Gantous et al. demonstrated in the canine mandible that irradiated bone could be distracted. Since that 
demonstration, successful distraction of irradiated human mandibles has been reported.

20. Can craniofacial distraction treat obstructive sleep apnea?
Bilateral mandibular distraction can be used to advance not only the mandibular arch but also the base of the tongue 
and the hyoid bone. The mandible and soft tissue advancement increases airway volume and flow. The airway 
improvement may allow for successful decannulation of patients with severe obstructive sleep apnea who are 
tracheostomy dependant secondary to mandibular deficiency.
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21. When would you perform mandibular distraction?
Mandibular distraction can be used to treat deficiencies resulting from congenital hypoplasia of the mandible (with or 
without associated obstructive sleep apnea), posttraumatic defects, and defects resulting from oncologic resection.

In patients younger than 2 years, mandibular distraction should not be performed unless airway compromise is present. 
Between ages 2 and 6 years, mandibular distraction can be considered for patients with all ranges of mandibular 
deficiencies, except those with mild Pruzansky type I mandibles and a horizontal occlusal plane. These patients should 
be treated by orthodontic therapy and preparation for eventual skeletal surgery at the completion of craniofacial growth. 
From age 6 years to adolescence, during the period of mixed dentition, orthodontic therapy should be used to promote 
the growth of the affected dentoalveolus and to aid in the proper eruption of the permanent teeth. Mandibular distraction 
should not be performed in this age group unless the patient has obstructive sleep apnea or has severely dysmorphic 
facies. Mandibular distraction in the teenage years should be postponed until skeletal maturity, which is approximately 
age 16 years in girls and age 17 years in males, unless there is severe mandibular deficiency secondary to relapse or 
skeletal malocclusion.

22. When would you perform alveolar ridge distraction?
Distraction osteogenesis can be used to augment a hypoplastic dentoalveolar segment secondary to congenital 
deficiency, trauma, absent dentition, or oncologic resection. The hypoplastic alveolar ridge of the mandible can be 
augmented to allow for sufficient bony volume to hold osseointegrated dental implants. Small alveolar deficiencies that 
may arise from alveolar clefts can be closed using horizontal and vertical lengthening of the adjacent alveolus. This 
technique can correct malocclusions and obviate the need for more invasive surgical procedures. These procedures 
should be performed after eruption of the permanent dentition.

23. When would you perform maxillary distraction?
Cleall et al. in 1965 were the first to successfully perform orthodontic expansion of the midpalatal suture using juvenile 
rhesus monkeys. This concept has been adapted clinically by orthodontists who use rapid palatal expanders to expand 
horizontally deficient maxillary palates.

Distraction can also be used to treat maxillary deficiency in the anteroposterior dimension, causing Angle class III 
malocclusion with anterior crossbite. This is often the result of unilateral or bilateral cleft lip and palate or craniofacial 
microsomia. These patients are treated by a Le Fort I osteotomy/corticotomy followed by application of a distraction 
device. Le Fort I maxillary distraction typically is reserved for patients who are in the period of mixed dentition or 
skeletal maturity.

24. When would you perform midface distraction?
The entire midface can be advanced using a subcranial Le Fort III osteotomy and distraction osteogenesis (Fig. 31-3). 
The procedure typically is performed in patients with syndromic craniofacial synostosis and exorbitism, malocclusion, 
sleep apnea, midface retrusion, and severe dysmorphism. Patients with orbitofacial clefts also may benefit from midface 
distraction. Unless there is severe upper airway obstruction from midface hypoplasia, midface distraction should not be 
performed until approximately 3.5 years of age to ensure that there is adequate bony stock to perform the procedure 
successfully.

25. When would you perform frontoparietal (monobloc) distraction?
Frontoparietal or monobloc distraction advances not only the midface but also the orbits and frontal bones. It should be 
reserved for patients who have, in addition to midface hypoplasia, severe exorbitism or increased intracranial pressure 
requiring expansion of the cranial vault (Fig. 31-4).

26. What are the critical factors for successful distraction?
There are many critical factors for successful distraction. The device must be rigidly fixated to prevent motion at 
the distraction site to avoid fibrous nonunion. There must be sufficient bone stock to create an osteotomy and to 
secure the device with pins and screws. The distraction device must be activated at a rate that is slow enough to 
prevent disruption of the callus at the osteotomy site and development of fibrous nonunion and yet rapid enough 
to prevent consolidation of the bone prior to completion of activation. In addition, there must be adequate blood 
supply to the bone and the surrounding soft tissue to allow for distraction histogenesis. Precise preoperative 
planning is essential to determine the optimal vector of distraction, the site of osteotomy, and the amount of 
advancement needed. When distraction is performed in the growing child, it is essential to overcorrect the deformity 
because the hypoplastic bone that is being distracted often will not grow commensurately with the surrounding 
bones. Finally, it is essential to work closely with an orthodontist in treatment planning and molding of the generate 
to ensure optimal occlusion at the completion of distraction. In the case of unilateral distraction of the mandible, 
postoperative orthodontic therapy and bite blocks are used to allow hypereruption of the maxillary dentoalveolus 
and prevent relapse of the advanced bone.
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27. What is the optimal latency?
The optimal latency usually is 5 to 7 days. Shorter latency periods have been shown to be associated with decreased 
callus volumes with subsequent inadequate osteogenesis. Longer latency periods have been shown to cause premature 
consolidation of the bone.

28. What is the optimal activation rate of distraction osteogenesis?
Distraction osteogenesis can occur at rates ranging from 0.5 to 2 mm/day. The optimal rate is 1 mm/day. Accelerated 
rates (1.5 to 2 mm) are reserved for the neonate or infant patient.

29. How do you determine when the activation phase is complete?
Activation should continue until the deformity being treated is corrected. However, it is important to overcorrect 
the deformity in the growing child because the hypoplastic bone that is being distracted usually will not grow 
commensurately with the surrounding bones. For this reason, in the growing child undergoing unilateral mandibular 
distraction, the endpoint of activation is movement of the chin to the contralateral side with lowering of the ipsilateral 
oral commissure, the inferior border of the mandible, and the occlusal plane to a level below that of the contralateral 
side. In bilateral mandibular distraction of the growing child, activation should proceed until a slight anterior crossbite is 
produced. Finally, in midface and maxillary distraction of the skeletally immature, activation should continue until a class 
II malocclusion or overjet is produced.

30. What is the optimal length of consolidation? How do you determine when 
consolidation is complete?
The optimal length of consolidation is 8 weeks. In patients sufficiently cooperative to have radiographs, the latter should 
show mineralization of the generate bone, a finding that consolidation is complete.

31. How does distraction fail?
Distraction can fail in at least four ways: ischemic fibrogenesis, cystic degeneration, fibrocartilage nonunion, and 
late buckling, bending, or fracture of the regenerate bone. Ischemic fibrogenesis occurs as a result of excessively 
rapid activation or inadequate local blood supply during distraction. Fibrous tissue forms across the distraction gap, 
and there is no bone column formation. Cystic degeneration occurs when there is blockage of venous outflow from 
the system. Large vascular channels form within the distraction gap and are filled with a lymph-like fluid. If external 
fixation is unstable, microfractures occur with hemorrhage and cartilage interposition in the distraction gap causing 
fibrocartilage nonunion. If the distraction device is removed prematurely, buckling or bending of the generate bone 
will occur.

Figure 31-3. Classic Le Fort III osteotomy separates the 
midface from the cranium and allows the midface to be distracted 
forward. (From McCarthy JG, Galiano R, Boutros S: Current 
Therapy in Plastic Surgery. Philadelphia, WB Saunders, 2006.)

Figure 31-4. Monobloc distraction advances the frontal bones 
and the supraorbital rim in addition to the midface. (From Mathes 
S [ed]: Plastic Surgery, 2nd ed. Philadelphia, WB Saunders, 2006.)
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32. What are the most common complications following distraction osteogenesis?
The most common complications following distraction osteogenesis are pin-tract soft tissue infections, pin 
dislodgement, and device failure. Other complications include premature consolidation, hypertrophic scarring, 
neurapraxia, dentigerous cyst formation, and parotid fistula.
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 1. What are the causes of a hypoplastic mandible?
Mandibular hypoplasia or deficiency may result from congenital or acquired processes. Among these, congenital 
mandibular hypoplasia is the most common, and craniofacial microsomia is the most common congenital cause with 
an incidence between 1:3500 and 1:6500. Other causes of congenital hypoplasia of the mandible include Pierre Robin 
sequence, Treacher Collins syndrome, and Nager syndrome. Acquired problems secondary to trauma, tumor, or infection 
may also cause mandibular hypoplasia.

 2. What is Pierre Robin sequence?
Pierre Robin sequence is the triad of micrognathia, glossoptosis, and a U-shaped cleft palate. It is believed that the 
micrognathia leads to posterior and superior positioning of the tongue that does not allow the palatal shelves to 
fuse. The terminology has now been changed to Robin sequence because other theories, including a primary growth 
deficiency causing the mandibular hypoplasia and the cleft palate or a causally heterogeneous relationship between the 
two, have been expressed. We suggest that Robin sequence is really a tetrad that includes sleep apnea as well.

 3. What is craniofacial microsomia?
Craniofacial microsomia is the second most common congenital anomaly of the head and neck after cleft lip and 
palate. Craniofacial microsomia affects both the skeletal and soft tissues derived from the first and second branchial 
arches. The pathognomonic finding in craniofacial microsomia is underdevelopment of the ramus and condyle of the 
mandible that may be unilateral or, less commonly, bilateral. Other components of the craniofacial skeleton may also be 
involved. The maxilla is deficient in all dimensions on the affected side with an associated upward occlusal cant. The 
zygoma, orbit, and frontotemporal bones can also be affected in shape and volume. Soft tissue deficiencies include thin 
skin with a bluish hue and diminished subcutaneous fat. A spectrum of associated ear deformities ranges from a residual 
lobule to an ear of normal shape with all components present but reduced in size. Facial nerve function, especially of 
the marginal mandibular branch, may be diminished or absent. The muscles of mastication, including the masseter, 
pterygoids, and temporalis, may be hypoplastic.

 4. What are the differences in the mandibles in patients with Robin sequence and those 
with craniofacial microsomia?
The classic deformity of the mandible in patients with craniofacial microsomia is a unilateral deficiency of the ramus 
and the condyle. Craniofacial microsoma occurs bilaterally less commonly. Children with Robin sequence typically have 
bilateral mandibular hypoplasia, which tends to be most pronounced in the body of the mandible.

 5. What is the Pruzansky classification of mandibular deformities?
Pruzansky described a three-class system for defining mandibular deficiency; Mulliken and Kaban subsequently modified 
the classification system. A Pruzansky type I mandible features hypoplasia of the ramus and the condyle, but the overall 
morphology of the mandible is normal. The type IIA mandible has a reduction in the volume of the body, ramus, and 
condyle, but the vertical orientation of the ramus is normal because the temporomandibular joint (TMJ) is preserved. In a 
type IIB mandible, there is a lingual inclination of the ramus in the vertical dimension in addition to the reduction in volume 
of the body, ramus, and condyle. The lingual inclination of the short ramus causes the condyle to be situated medial 
to glenoid fossa, an anatomic variation that in turn causes a restricting hinge-like function of the joint. In the type III 
mandible, the ramus is reduced to a thin lamina or bone or is completely absent; there is no evidence of a TMJ (Fig. 32-1).

 6. What are the indications for mandibular distraction?
The indications for mandibular distraction are both functional and aesthetic. Functional indications for mandibular 
distraction include lengthening the hypoplastic mandible to relieve tongue-based airway obstruction/sleep apnea. 
Mandibular distraction also can be performed to treat TMJ ankylosis, skeletal defects resulting from trauma, tumor 
resections, or other pathology. The technique is also applied for augmentation of the hypoplastic or edentulous 
mandibular dentoalveolus. Mandibular distraction can be used in patients with severe facial dysmorphisms and 
hypoplasia of the mandible in the absence of functional problems.
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 7. Can mandibular distraction treat obstructive sleep apnea? Can mandibular 
distraction prevent tracheostomy or allow for removal of an existing tracheostomy?
It has been demonstrated that bilateral mandibular distraction in neonates and infants can be used to advance not only 
the mandibular arch but also the base of the tongue and the hyoid bone. This leads to an increase in airway volume in 
tracheostomy-dependent patients who suffer from upper airway obstruction secondary to mandibular deficiency.

 8. How do you assess the mandibular deformity preoperatively?
The mandibular deformity is assessed by combination of physical examination and radiographic studies. Pertinent history 
includes assessment for signs of obstructive sleep apnea, as well as evidence of problems with nutritional status, oral 
intake, oral excursion, and occlusion. Physical examination should include assessment of the thickness and quality of the 
facial soft tissues and the oral commissure and the position/contour of the chin, the inferior border of the mandible, and 
the ear. Intraoral examination should assess the occlusion, presence or absence of crossbites, occlusal plane/cant, amount 
of mandibular excursion, and interincisal opening. Finally, motor and sensory function should be documented. Sleep apnea 
studies should be done to assess for the presence of obstructive sleep apnea. Bronchoscopy and endoscopy can determine 
if obstructive sleep apnea is secondary to a posterior tongue-based obstruction (which would be alleviated by mandibular 
distraction) or secondary to other obstructive causes such as hyperplastic tonsils/adenoids or tracheomalacia.

 9. What is the preoperative workup for a patient undergoing mandibular distraction?
The workup for a patient undergoing mandibular distraction includes facial photographs, a three-dimensional (3D) 
computed tomographic (CT) scan, lateral and posteroanterior cephalograms, and a panoramic radiograph (Panorex). 
The cephalograms and Panorex allow for assessment and documentation of the deformity and the location of 
unerupted tooth buds. The 3D CT scan demonstrates the skeletal pathology in detail and serves as a baseline study 
for postdistraction documentation of the increase in bony volume and change in mandibular morphology. Dental study 
models should also be obtained. The study models provide not only a 3D record of the preexisting occlusion but also 
allow for the construction of orthodontic splints, which are invaluable in maintaining the mandibular height resulting 
from the distraction. The splint can be gradually modified postoperatively to guide hypereruption of the affected 
maxillary dentoalveolus, allowing for closure of the openbite.

Type I Type IIA

Type IIB Type III

Figure 32-1. Pruzansky classification of mandibular deformities. (From McCarthy J: Principles of craniofacial distraction. In Thorne CH, 
Beasley RW, Aston SJ, Bartlett SP, Gurtner GC, Spear SL [eds]: Grabb and Smith’s Plastic Surgery, 6th ed. Philadelphia, Lippincott Williams & 
Wilkins, 2006, pp 96–102.)
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10. Which areas of the mandible can be distracted?
Any area of the mandible can be distracted. In congenital cases, the mandibular body and ramus are commonly 
distracted.

11. How do you decide when to distract the neonate or infant with mandibular deficiency 
and respiratory insufficiency or sleep apnea?
The decision to perform distraction on the neonate with mandibular deficiency is made on the basis of demonstrating 
tongue-based airway obstruction that is causing respiratory insufficiency so severe as to otherwise necessitate 
tracheostomy. The diagnosis is established by evaluating weight gain, oral intake, oxygen saturation, CT scans, direct 
laryngoscopy, flexible fiberoptic bronchoscopy, and sleep studies. Other potential causes of respiratory insufficiency 
must be ruled out prior to performing distraction.

12. What are the options when a Pruzansky III mandible is present? What if the tooth 
follicle is in the way?
The Pruzansky II and III mandible represents a significant challenge because the ramus usually is so hypoplastic as to be 
inadequate for pin placement and osteotomy. There are two options in this situation. The first is to curette a tooth follicle and 
allow an interval for bony regeneration before performing distraction. An alternative, especially in the Pruzansky II mandible, 
is to perform iliac or rib bone graft reconstruction of the ramus followed at a later date by distraction of the neomandible.

13. What are the vectors of distraction?
The vector of distraction is based on the long axis of the distraction device. In the mandible, there are three types of 
distraction vectors: horizontal, oblique, and vertical. The vectors are relative to the maxillary occlusal plane. A horizontal 
vector is 0° to 30°, an oblique vector is 30° to 45°, and a vertical vector is greater than 45°. The trajectory of the 
distracted mandible can be predicted based on the vector of distraction. The horizontal vector is preferred in the patient 
with predominantly a deficiency of the mandibular body as in the Robin sequence. The vertical vector usually is used in 
the craniofacial microsomia or Treacher Collins patient with hypoplasia of the ramus (Fig. 32-2).

14. How do you choose from among an extraoral, intraoral, or semi-buried  
approach?
An extraoral approach can be used to place an external distraction device, which consists of four transcutaneous pins 
that are placed in the bone, two on each side of the osteotomy. The technique is simple and the device can be easily 
monitored, a distinct advantage in the young patient who is uncooperative in terms of obtaining serial radiographs. The 
disadvantage of this approach is the scarring caused by the incision and the subsequent path of the transcutaneous 
distraction pins (Fig. 32-3).

An intraoral or buried device has the advantage of fewer cutaneous scars, but the device requires a much larger piece 
of bone to support the multiple plates and screws used to secure the device. The semi-buried device is similar to the 
buried device except that the activation arm is brought out through the skin (Figs. 32-4 and 32-5).

15. What is the utility of a multiplanar device?
The initial mandibular distractions were performed using a unidirectional distraction device. Follow-up of these patients 
has shown a change in device vector during and after active distraction, a finding that can be attributed to the effects 
of the muscles of mastication on the newly formed regenerate. A multiplanar distraction device was designed to 
allow more control in achieving vertical elongation of the ramus, horizontal elongation of the body, recreation of the 
mandibular angle with closure of the anterior openbite, and transverse widening or increase in the bigonial distance. 
A curvilinear or J device can be used to distract the mandible along an anteroinferior trajectory, closely mimicking the 
natural growth process of the mandible.

A B C

Figure 32-2. Vectors of distraction. A, Vertical. B, Horizontal. C, Oblique. (From McCarthy JH, Grayson BH: Craniofacial microsomia. In 
Mathes S, Hentz V [eds.]: Plastic Surgery, Vol.4, 2nd ed. Philadelphia, WB Saunders, 2006, pp 119–134.)
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16. When is transport distraction helpful for mandibular deformities?
There are two types of transport distraction. In trifocal distraction, an osteotomy is made on both ends of the bony 
defect. Each end is distracted until the two distracted segments join each other in the center of the intercalary gap. 
Thus, trifocal transport distraction is especially useful for reconstruction of intercalary mandibular defects arising 
from tumor, trauma, or other pathology. Bifocal transport distraction has been shown to be useful for reconstruction of 
TMJ ankylosis. The ankylosed mandibular condyle is resected (in a technique known as gap arthroplasty ), and bifocal 
transport distraction is used to reconstruct the condyle defect. The fibrocartilaginous zone that is generated at the end 
of the transport segment functions as a pseudocondyle for the TMJ.

A

B

C

Figure 32-3. A, The patient is a 4-year-
old boy with bilateral micrognathia and 
obstructive sleep apnea. B, The patient was 
treated with bilateral external mandible 
distraction. C, The patient had improved 
menton projection, retroglossal airspace, 
and resolution of obstructive sleep apnea.
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A B

Figure 32-4. Application of 
internal mandibular distraction 
devices. A, Osteotomy is marked 
with a dotted line. B, Distraction is 
performed.

A

B

C

Figure 32-5. A, The patient is a 
3-year-old girl with left craniofacial 
microsomia. B, The patient was treated 
with left semi-buried mandible distraction 
osteogenesis. Note the activation arm 
below the jawline. C, The patient had 
improved menton projection, leveling 
of the left commissure, and mandibular 
occlusal plane. Note the over correction of 
the chin and oral commissure.
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17. Does skeletal elongation with distraction osteogenesis have an impact on the 
associated soft tissue?
Not only is new bone generated with distraction, but lengthening and generation of additional soft tissues occur. Skin, 
muscle, nerves, and vascular tissues increase in concert with the lengthened bone. Termed distraction histogenesis, 
the process accounts for the decreased soft tissue force opposing the advanced bone and the subsequent decreased 
relapse rate when a bone is lengthened by distraction, as opposed to traditional surgical advancement.

18. Which incisions can be used?
An intraoral incision or a modified Risdon incision can be used to perform distraction on the mandible. An intraoral 
incision is made over the oblique line of the mandible, and the buccal surface of the mandible is exposed in a 
subperiosteal plane. The modified submandibular (Risdon) incision is made in the relaxed skin tension lines of 
the submandibular fold. After the platysma muscle is incised, care is taken to preserve the marginal mandibular 
nerve. The masseter muscle is sharply dissected off the buccal aspect of the mandible, exposing the mandible in a 
subperiosteal plane.

19. What orthodontic measures can be practiced during activation and consolidation to 
achieve the optimal occlusion?
During the activation and consolidation phases, the generate bone can be molded and shaped by using guiding elastics 
to help establish the optimal occlusion. In unilateral mandibular distraction, an intraoral splint or bite plate can be 
used to maintain a posterior openbite during the distraction process. The openbite can be closed orthodontically by 
encouraging descent of the maxillary dentoalveolus by serial reduction of the bite plate.

20. How is the progress of mandibular distraction monitored clinically and 
radiographically?
The progress of mandibular distraction is monitored clinically by evaluating the relative relationships of the anterior 
maxillary and mandibular occlusal surfaces and the position or level of the occlusal plane, oral commissure, and chin 
point as well as the changes in the distraction device. These same criteria are used to evaluate the effectiveness of 
mandibular distraction radiographically on the cephalograms.

21. What are the endpoints of unilateral distraction?
In unilateral distraction, the treatment endpoint is movement of the chin to the contralateral side with lowering of the 
ipsilateral oral commissure, the inferior border of the mandible, and the occlusal plane to a level below that of the 
contralateral or less affected side. Overcorrection is essential in the growing child because distraction does not alter the 
inherent genetic growth program of the mandible. As a result, the hypoplastic side that is distracted will not grow as fast 
or as well as the unaffected side. In a study of long-term growth following unilateral mandibular distraction in growing 
children with craniofacial microsomia, McCarthy and his team found that the unaffected ramus grew 1.15 mm/year and 
the affected ramus grew 0.87 mm/year.

22. What are the endpoints of bilateral distraction?
In bilateral mandibular distraction, the endpoint is achievement of an anterior crossbite. As in the case of unilateral 
distraction, it is important to overcorrect the distracted hypoplastic mandible because it will likely not grow as well as 
the relatively unaffected maxilla.

23. When do you remove the distraction device?
Prior to removing the distraction device, a minimum of 8 weeks should elapse after cessation of activation for the newly 
generated bone to consolidate. In patients who are sufficiently old to comply, radiographs can be obtained to assess for 
evidence of bone mineralization at the distraction site.

24. What are the most common complications following mandibular distraction? How are 
they treated?
The most common complications following mandibular distraction are pin-tract soft tissue infections and device 
problems. Other less common complications include pin dislodgement, hypertrophic scars, tooth injury, dentigerous 
cysts, temporary neuropraxia of the marginal mandibular nerve, temporary parotid fistulas, and premature consolidation. 
Pin-tract soft tissue infections usually are successfully managed with oral antibiotics. Pin dislodgement or device 
problems are treated with replacement of the pins and device. Hypertrophic scars can be treated with steroids or scar 
revision. Distraction failure secondary to inadequate bone volume can be treated with waiting for further growth of 
the mandible before reattempting distraction or bone grafting followed by distraction. Dentigerous cysts secondary to 
distraction across a tooth follicle should be treated with resection of the cyst with or without bone grafting of the site. 
Temporary neuropraxia of the marginal mandibular nerve is managed conservatively. Parotid fistulas usually resolve 
spontaneously. Finally, in patients with premature consolidation, repeat distraction may be necessary to correct the 
deformity.
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25. Is the distracted mandible stable? Does the distracted mandible grow?
The distracted mandible is stable over the long term. Study of 1-, 5-, and 10-year follow-ups of distracted mandibles 
showed a decrease in total mandibular length of the distracted mandible of only approximately 6% over the first year. 
After the first year, the distracted mandible did not decrease in height and showed some evidence of growth. The same 
study showed that the distracted mandible demonstrates significant and consistent growth over 5 and 10 years, albeit 
at a lower rate than normal.

26. Does mandibular distraction affect the TMJs?
Study of the TMJs in unilateral mandibular distraction has shown transient posterior condylar flattening on the ipsilateral 
side of distraction and posterosuperior flattening on the contralateral side. Biopsy of the joints revealed subchondral 
degeneration followed by repair and remodeling, which ultimately lead to correction of the condylar flattening. In 
general, condyle/TMJ morphology improves after mandibular distraction.
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Distraction osteogenesis  
of the MiDface

 1. What is distraction osteogenesis?
Distraction osteogenesis is the process of generating new bone between two bone segments in response to the 
application of gradual stress across that bone gap. The technique requires the creation of an osteotomy followed by the 
application of a mechanical distractor to separate the bone segments at a controlled rate. This process is based on the 
principle that tension stimulates histogenesis and does not require the use of a bone graft or rigid fixation of the bone 
segments. Recently, it has been applied to the mandible, maxilla, cranium, and dentition.

 2. Which patients are potential candidates for maxillary distraction osteogenesis?
 • Cleft or syndromal patients, including cases associated with Crouzon syndrome and Apert syndrome
 • Severe maxillary hypoplasia (vertical, horizontal, and transverse planes) with class III malocclusion
 • Patients requiring horizontal maxillary advancement of 10 mm or more
 • Patients with normal mandibular morphology and position associated with maxillary hypoplasia
 • Patients with severe palatal and pharyngeal scarring
 • Patients with airway obstruction and sleep apnea

 3. What are some physical deformities and functional deficits exhibited by patients with 
severe maxillary hypoplasia?
 • Dish face or concave facial profile due to midface hypoplasia
 • Class III malocclusion, which can result in compromised mastication
 • Speech abnormalities
 • Nasopharyngeal airway constriction

 4. How does rigid external distraction work?
In rigid external distraction, first a custom-made intraoral orthodontic splint is fabricated by the orthodontist. This acts 
as the link between the maxillary skeleton and the distraction apparatus (Fig. 33-1). The splint is cemented to the first 
permanent molars or second primary molars and is further secured at the time of surgery with circumdental stainless 
steel surgical wire. Patients undergo a high complete Le Fort I osteotomy below the level of the infraorbital foramina, 
including pterygomaxillary and septal disjunction. The halo portion of the distraction device is then placed immediately 
after closure of the intraoral incision, and the intraoral splint and halo are connected to one another to initiate distraction 
after a latency period of 3 to 7 days (Fig. 33-2).

 5. Is autogenous or alloplastic bone grafting or internal skeletal fixation used with the 
rigid external distraction device?
No.

 6. Why is internal fixation and autogenous bone grafting not needed?
With the rigid external distraction device one can very gradually and precisely reposition a severely hypoplastic maxilla 
to the exact horizontal and vertical planes desired. Distraction osteogenesis creates new autogenous bone during this 
process, allowing for correction of the entire maxillary skeletal and soft tissue discrepancy.

 7. What is the latency period for midface distraction?
The period after the osteotomy and before distraction is known as the latency period. The length of the latency period is 
between 3 and 7 days.

 8. What is the activation period?
The latency period is followed by the activation period. This is the period of active distraction. The activation period 
typically lasts 12 to 15 days, but the duration is determined clinically by the severity of midface deficiency and anterior 
crossbite. The patients are followed weekly during the activation period until satisfactory and stable skeletal and 
occlusal changes are achieved.
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Figure 33-1. Intraoral splint and rigid external distractor.

A B C

Figure 33-2. A, Distraction in progress. B, Before distraction. C, After distraction.

 9. What is the period of rigid retention?
After the period of active distraction, a period of rigid retention is undertaken. During this period, the distraction device 
is kept in place without any advancement. The purpose of this period is to allow the maxillary position to achieve clinical 
stability through bone mineralization and consolidation.
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10. How is the distraction vector determined?
The distraction vector, or direction of applied stress, is determined by the cephalometric analysis and physical 
examination of the clinical condition.

11. What is the rate of distraction during the activation period?
Distraction is performed by the patient or caregiver at home at a rate of 1 mm/day.

12. What are the postoperative instructions for patients after the osteotomies and 
placement of the distraction device?
Routine oral hygiene and unrestricted soft diet are started 24 hours postoperatively after surgery.

13. What is the mean horizontal maxillary advancement in patients treated with a 
traditional Le Fort I advancement?
Between 4 and 7 mm.

14. What is the long term relapse in horizontal maxillary advancement in patients treated 
with a traditional Le Fort I advancement?
Between 25% and 50%.

15. What is the complication rate of traditional Le Fort I maxillary advancement in cleft 
patients?
25% or greater.

16. What is the mean horizontal maxillary advancement in patients undergoing rigid 
external distraction?
10 mm or greater.

17. What is the mean horizontal relapse in patients undergoing rigid external 
distraction?
Patients who have undergone maxillary distraction continue to be stable up to 9 years after surgery, with no clinically 
significant relapse.

18. What is the complication rate in cleft patients undergoing rigid external  
distraction?
Less than 1%.

19. Where is the area of most bone formation after maxillary distraction?
Both bone samples and follow-up imaging studies have demonstrated substantial bone formation in the 
pterygomaxillary region after rigid external distraction. Bone samples have demonstrated well-ossified dense lamellar 
bone that provides stability after distraction.

20. What are some advantages of rigid distraction osteogenesis?
 • No limitation of age at which patients can be treated.
 • Surgery is less extensive and can be performed on either an outpatient or a 23-hour admission basis.
 • Operative times are significantly reduced with very low morbidity compared with the traditional Le Fort I maxillary 
advancement.

 • Only an osteotomy is performed. There is no need to reposition individual skeletal fragments or to use bone grafting, 
intermaxillary fixation, or internal fixation.

 • Allows treatment of patients who are refractory to traditional cleft Le Fort I maxillary advancement.
 • The halo device is easily removed in the office setting without even local anesthesia, except for very young patients 
who may require mild sedation.

21. Are all surgeons currently using distraction osteogenesis to advance the maxilla in 
cleft patients?
Most craniofacial and maxillofacial surgeons now routinely use distraction to treat patients with moderate to severe 
maxillary hypoplasia secondary to clefts. Few experienced clinicians do not recognize distraction as a valuable addition 
to the surgical techniques available to treat this challenging group of patients.
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 1. Briefly describe the history of craniofacial distraction osteogenesis.
Ilizarov, in the 1950s, pioneered the idea of distraction osteogenesis (DOG) of the long bones in the orthopedic 
literature, and his concepts form the foundation of distraction in the craniofacial skeleton. Snyder, in 1973, 
reported mandibular lengthening in a canine model using an extraoral device. McCarthy, in 1992, first applied 
this technique in humans, lengthening the mandible with bicortical osteotomies. Later, Molina introduced the 
intraoral–subperiosteal approach, the importance of distraction vectors, and the concept of bilateral–bidirectional 
distraction for micrognathia. Currently, a variety of techniques are being evaluated, including orbital distraction for 
the treatment of microorbitism, cranial vault distraction to treat craniosynostosis, and midface distraction to improve 
midface biomechanics.

 2. Is special equipment required to perform DOG?
In addition to standard craniofacial instrumentation, a distraction device is required. The device is applied at both sides 
of the osteotomy, oriented along the desired vector, and gradually activated to elongate the bone. The vector, or the 
direction in which the bone is elongated, can be single or multiple. Different devices have been used: L shape, anchored, 
double anchored, internal, external, and rigid external. In 1998, Lauritzen designed a spring-loaded device for the 
distraction of fused cranial sutures (Fig. 34-1). Each device has its advantages and disadvantages.

 3. Describe the technique for cranial DOG.
Because new bone formation is the goal of DOG, osteotomies/corticotomies must preserve vascularity. The surgeon has 
to perform a “clean osteotomy,” that is, one with no greenstick fracturing or ragged edges that might create instability 
or prevent smooth bone regeneration. Subsequently, the device is fixed to the bone with plates, screws, or pins. In some 
cases, the tip of the device has a hook that anchors to the bone edge. Once bony fixation has been achieved, the system 
is activated to assess bone mobility intraoperatively. Incisions are closed, and the postoperative distraction protocol 
begins at the surgeon’s discretion.

 4. What are the DOG periods?
Latency is a period from 5 to 7 days after surgery when many surgeons allow bony callus formation without distracting 
the bone. Thereafter, elongation of the callus, or the distraction period, starts. Distraction usually proceeds at a rate of 
0.5 to 2 mm/day until the desired bone lengthening has been achieved, usually in 3 to 4 weeks. Then, the consolidation 
period begins, which is the period when callus becomes mineralized bone. This may last from 6 to 12 weeks; every case 
must be evaluated individually. The last step is removal of the device. Some new devices, including spring-mediated 
DOG, do not require a latency period because the mechanical forces within the spring begin working as soon as they 
are placed. Thus distraction begins immediately, which works well in some locations, such as the cranial vault, but not 
in others, such as the midface. Immediate distraction of the midface results in the generation of fibrous tissue instead of 
bone and thus is prone to relapse and growth disturbances.

A B C

Figure 34-1. Distraction devices. 
A, Metallic spring. B, Rigid external 
distraction in a Le Fort III osteotomy. 
C, Submerged “Molina design.”
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A B

Figure 34-3. Distraction 
craniofacial osteotomies. A, “True 
monobloc” distraction. The frontal 
bone, orbits, zygoma, and maxilla 
are included in a single piece. 
B, Frontoorbital advancement. 
The tip of the device reaches the 
superolateral aspect of the orbital rim.

 5. Is there an “ideal” distraction device?
There is no single “ideal” distraction device. The “ideal” device must be selected for each individual case based on the 
deformity being treated, the age of the patient, and the bone to be distracted. Children younger than 2 years old have 
softer frontoorbital bone union, and mechanical forces must be tailored to the bone stock. Design, size, and strength 
of the device are important too. Various materials have been used (titanium, stainless steel, absorbable plastics), and 
various locations for the device have been tested (submerged, internal, external).

 6. What is the distraction vector? Why is it important?
The distraction vector represents the orientation of the mechanical forces and thus the direction in which the bone is 
to be elongated. A proper distraction vector guides new bone regeneration in the desired (and preoperatively planned) 
manner. It is oriented perpendicular to the osteotomy/corticotomy line so as to maximize new bone formation. This is 
especially important in the midface where soft tissue resistance is difficult to overcome and often leads to relapse with 
conventional osteotomies. Frequently, a well-planned distraction vector is the key to a return to normal anatomy and 
function (Fig. 34-2).

 7. What craniofacial disorders have been successfully treated with DOG techniques?
Nonsyndromic craniosynostosis: Metopic (trigonocephaly) and sagittal (scaphocephaly) sutures have been successfully 

treated with conventional and spring-mediated distraction. Recently, a Japanese group reported correction of 
lambdoid synostosis (posterior plagiocephaly) but with limited results. In unilateral coronal (anterior plagiocephaly) and 
bilateral coronal (brachycephaly) synostoses, a complete correction of the frontal bone, orbit, and malar prominence 
has been reported with simultaneous soft tissue expansion to produce facial symmetry (Fig. 34-3).

Syndromic craniosynostosis: The combined cranial vault, cranial base, and facial effects of syndromic  craniosynostosis 
lend themselves to correction with DOG. DOG can be used to correct the frontal bone, orbits, and midface 
 simultaneously. Crouzon, Apert, Pfeiffer, Saethre-Chotzen, and Klatteschaddel syndromes have all been reconstructed 
with DOG. In addition to improved aesthetics, as in the nonsyndromic group, DOG has functional  benefits such as 
improved respiration, improved globe protection, improved speech, and sometimes improved ocular movements.

Figure 34-2. Distraction vectors of midface advancement. A horizontal vector will produce anteroposterior displacement of the maxilla. 
A more oblique vector will produce a simultaneous vertical midface elongation.
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 8. What are the advantages of cranial vault distraction?
DOG has major advantages over traditional methods of rigid fixation with bone grafts: the quality of the regenerated 
bone, the reduction in long-term relapse of the advanced segments, and the simultaneous elongation of soft tissues 
that accompanies distraction of the bone creating a more pleasing aesthetic result. Furthermore, DOG permits bony 
advancement without the need for bone grafts in the cranial vault, orbital walls, and pterygomaxillary junction and 
avoids large “dead spaces” that result from ambitious advancements, thus minimizing surgical time, donor site 
morbidity, and neuroinfection. The absence of acute bony disjunction decreases blood loss and postoperative pain. 
Cranial bone is not stripped of all its blood supply, so it is not likely to resorb. Lack of bony resorption translates into 
fewer secondary deformities and fewer secondary corrective procedures.

 9. What are the disadvantages of cranial vault distraction?
DOG can be difficult to tolerate when external distraction devices are used because the patient must wear a large, 
unseemly device for several months, making socialization difficult. The distraction phase can be painful, as overcoming 
soft tissue (especially skin) resistance requires force sufficient to cause pain. Pain also may result from premature 
consolidation of the bone or device penetration of the cranial vault. Furthermore, DOG requires a high degree of patient 
and family compliance, and not all families have the organizational skills to successfully complete DOG. Like all new 
surgical procedures, cranial DOG has a learning curve, and surgeons who are not familiar with the techniques may 
experience complications early in their experience that color their view of it. Without long-term results, those surgeons 
fail to see the long-term benefits of DOG.

10. What is the optimal timing for cranial vault DOG?
Optimal timing for DOG of the cranium must be determined on a case-by-case basis. That said, we have developed 
a treatment protocol for DOG based on years of experience. Generally, we operate on nonsyndromic craniosynostosis 
between 6 and 18 months of age. Syndromic craniosynostosis patients require cranial vault remodeling between 
12 and 24 months of age, and most need some form of midface advancement between the ages of 5 and 7 years. 
Because the cranial bone is more elastic in children younger than 2 years, we perform DOG cranial vault remodeling 
before the second birthday. The reason to wait until the ages of 5 to 7 before performing DOG of the midface is to 
allow time for the cranial base to mature before disrupting it with an osteotomy. That said, we perform early midface 
distraction in cases of intracranial hypertension, globe exposure, and respiratory compromise due to midface 
retrusion.

11. Describe spring-mediated craniofacial distraction.
Spring-mediated craniofacial distraction is a technique whereby a spring-loaded device is affixed to both sides of a 
cranial suture or osteotomy. The inherent mechanical forces within the spring produce a continuous force that spreads 
the bony segments with subsequent bone elongation and cranial reshaping. Multiple springs are required along the 
suture being distracted, and it is possible to distract along multiple vectors simultaneously. Two drawbacks of springs 
are that their lack of control and the bony resorption occurring immediately beneath the springs as a result of the 
pressure they apply.

12. What craniofacial disorders can be corrected with spring-mediated distraction?
The distraction technique is best suited to treatment of sagittal synostosis to expand temporal bones and metopic 
synostosis to expand the frontal bone laterally. It also has been used in cases of unilateral and bilateral coronal 
synostosis and in some mild cases of multiple suture synostosis. Importantly, the best results with spring-mediated 
distraction occur when performed early in life (Fig. 34-4).

13. What are important factors to take into account for spring-mediated  
distraction?
Important factors to take into account for spring-mediated distraction are the physical properties of the spring itself, the 
length of the legs of the spring, and the number of coils composing the spring. The power of the spring is dictated by the 
composition of the steel alloy used in making the spring, the thickness of the spring, and the number of coils composing 
the spring. The length of the legs determines how far the device can distract.

Optimal results are obtained when springs are placed at 3 to 4 months of age. There is no latency phase with springs; 
the distraction phase lasts for 3 to 4 months, and the spring is maintained until all bone gaps have remineralized. 
Usually, the spring is removed at 2 years of age.

14. What is combined distraction–compression cranial vault remodeling?
Combined distraction–compression cranial vault remodeling is a technique whereby a given bone segment is 
expanded using DOG while another segment is compressed to diminish it. Often, the distraction is perpendicular to the 
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compression. This technique is used in the treatment of scaphocephaly to expand the temporal area while compressing 
the frontal and occipital regions. Frequently, this technique is used with endoscopic assistance, enabling the surgeon to 
remodel the cranium without large incisions in the scalp.

15. What are the complications of cranial vault DOG?
Complications of cranial vault DOG can be divided into intraoperative, distraction, and long-term complications. 
Intraoperative complications include cerebrospinal fluid (CSF) fistulas, hematoma (epidural, subdural, subcutaneous), 
infection, and nerve injury. Distraction complications include dislocation or exposure of the device, fibrous union of 
the bone, premature consolidation, and misalignment of the distraction vector. Long-term complications consist of 
hypertrophic scarring from external distracters, bony relapse, and bony resorption.

16. What is the frequency of complications in cranial DOG?
A few large series reviewed complication rates in cranial DOG. Early series reported high rates of pin-track infections, 
bony relapses, and CSF fistulas. These reports reduced the number of surgeons interested in the technique. In reviewing 
our results over the past 6 years, we noted very low complication rates in 51 cases. Our most common complication 
was device failure/dislocation, which occurred 17% of the time. Our infection rate was 1.7%, and our bony relapse rate 
(defined as relapse requiring an additional operation) was 3.4%. We observed no nerve injuries, CSF fistulas, premature 
consolidation, fibrous union, or hypertrophic scarring at the pin sites.

17. What special considerations are needed when performing DOG for Apert  
syndrome?
Many patients with Apert syndrome have a large anterior fontanelle and some degree of hypertelorism. Their frontal 
bones are thin and their supraorbital rims are fragile. Because of these factors, long-term bony deformities occur more 
often in cranial DOG in these patients than in patients with other craniosynostosis syndromes. Also, cranial DOG cannot 
treat the hypertelorism associated with Apert syndrome.

18. What is the future direction for cranial DOG?
The advantages of cranial DOG are making it a more widely practiced art, and its future looks bright. DOG represents 
the first example of tissue engineering in reconstructive surgery. To improve the quality of engineered tissue, surgeons 
are investigating ways to manipulate the bony callus to shorten treatment time, produce more normal bony anatomy, 
and minimize morbidity. To this end, devices have been impregnated with growth factors, various distraction rates have 
been tried, and less invasive approaches have been attempted. Many surgeons have experimented with resorbable 
distraction devices that are controlled by an external magnet, eliminating the need for device removal. DOG lends itself 
to computer-assisted operative planning and computer-assisted intraoperative imaging. All of these innovations will 
likely play a role in the future of cranial DOG.

Figure 34-4. A pair of springs is inserted along the suturectomy for scaphocephaly correction. The spring forces will gradually expand the 
cranial vault during a period of 2 to 3 months. Simultaneously, a custom-made helmet is used to compress the posterio-anterior dimension of 
the cranial vault. The springs are left in place until the patient is 2 years of age.
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Orbital HypertelOrism 35

 1. What is orbital hypertelorism?
Orbital hypertelorism (OHT) refers to an increase in interorbital distance (IOD). It is a finding on physical examination, not 
a syndrome.

 2. How do you measure IOD?
IOD is defined as the distance between the medial walls of the orbit at the dacryon. The dacryon is the union of the 
lacrimal, frontal, and maxillary bones.

 3. What is the significance of pseudohypertelorism?
Pseudohypertelorism is caused by lateral displacement of the medial canthal tendons, not by an increase in the IOD. It is 
easy to mistake pseudohypertelorism for OHT if you are not careful.

 4. Why is interpupillary distance not used to measure OHT?
Many patients with OHT have esotropia or exotropia, making interpupillary distance unreliable.

 5. Describe the changes that occur in IOD with age.
IOD is approximately 16 mm at birth. By 12 years of age, the IOD is approximately 25 mm. In adult males the IOD 
continues to increase until skeletal maturation is complete. The average IOD for adult females is 25 mm and for adult 
males is 28 mm.

 6. Describe the two classifications of OHT.
Tessier divided OHT into three types based on IOD: type I (30 to 34 mm), type II (35 to 39 mm), and type III (≥40 mm).  
The Munro classification system is based on the anatomy of the medial orbital wall. In type A, the medial orbital walls 
are parallel. The medial orbital wall width is greatest anteriorly in type B, in the middle in type C, and posteriorly in 
type D (Fig. 35-1).

 7. What causes OHT?
Remember, OHT is a finding on physical examination, not a syndrome. The cause of each case needs to be examined 
individually. Patients with Apert or Crouzon syndrome may have cranial base disturbances. Mass effect from sincipital 
encephaloceles, dermoid cysts, and tumors may lead to OHT. Facial clefts and early ossification of the lesser 
wings of the sphenoid also have been suggested.

 8. What is an encephalocele?
Encephalocele is herniation of intracranial contents through a cranial defect. If the herniated material includes 
cerebrospinal fluid and the meninges, then it is a meningocele. Herniation of meninges and brain parenchyma is a 
meningoencephalocele.

A B C D

Figure 35-1. Munro classification of orbital hypertelorism. A, Parallel medial orbital walls. B, Ballooning out of anterior inferorbital tissue. 
C, Ballooning out of central portion of medial wall. D, Widening of posterior ethmoid cells. (From Munro IR, Das SK: Improving results in orbital 
hypertelorism correction. Ann Plast Surg 2:499–507, 1979, with permission.)
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 9. Describe the various types of encephaloceles.
Encephaloceles are classified by location and include sincipital (also known as frontal or frontoethmoidal ), parietal, 
basal, and occipital. Sincipital encephaloceles are located between the bregma and the anterior ethmoid bone. Sincipital 
encephaloceles are further divided by the direction of the herniated contents (nasofrontal, nasoethmoidal, nasoorbital). 
Sincipital encephaloceles occur more commonly in people from Southeast Asia and Nigeria and rarely among people of 
European descent.

 10. How does the level of the cribriform plate compare between people with OHT and 
those with a normal IOD?
The cribriform plate normally is 10 mm below the orbital roof. In OHT, it may be as low as 20 mm below the orbital roof.

 11. How is OHT surgically managed?
Three fundamental approaches have been accepted to surgically correct OHT: combined intracranial/extracranial 
approach, subcranial approach, and facial bipartition.

 12. What are “box osteotomies” of the orbit?
“Box osteotomies” refer to the combined intracranial/extracranial approach with circumferential (“box”) orbital osteotomies. 
Ethmoidal air cells and paramedian sections of the anterior cranial vault are resected with preservation of the cribriform 
plate and the associated mucosa. Once mobilized, the orbital segments should medialize with minimal effort.

13. A “U-shaped” osteotomy is performed with which type of OHT reconstruction?
A “U-shaped” osteotomy is performed with the subcranial approach. It involves an osteotomy through the medial 
wall, lateral wall, and orbital floor. It is used in less severe forms of OHT when the cribriform plate has not prolapsed 
inferiorly.

14. What is a facial bipartition?
Facial bipartition mobilizes the orbit and midface in one piece. It generally is used in patients with OHT and transverse 
constriction of the maxillary dental arch. This procedure simultaneously narrows the IOD, expands the transverse width 
of the maxillary dental arch, and levels the maxillary occlusal plane (Fig. 35-2).

15. What steps must be taken to preserve olfactory function during surgical correction 
of OHT?
Olfactory function depends on avoidance of injury to the cribriform plate and preservation of superior turbinate mucosa. 
The olfactory nerve penetrates the cribriform plate and terminates within this mucosa.

16. What effect does the intraorbital/intranasal exoneration have on future growth of the 
midface?
This is controversial. McCarthy reports normal development of the midface after OHT reconstruction in pediatric 
patients. However, Mulliken and others demonstrated an adverse effect on anterior facial growth in young children who 
underwent OHT correction. Ortiz Monasterio reported no significant growth disturbances following facial bipartition.

17. After correction of OHT, what is done with the excess interorbital skin?
Medial translocation of the orbits results in excess skin over the nasal dorsum. This excess skin may be excised at 
the time of OHT correction or allowed to contract over time to avoid a midline nasal scar. Nasal dorsum augmentation 
with a cantilevered bone graft helps to improve the nasal dorsum profile and fill the nasal soft tissue envelope. Excess 
nasal skin also creates medial epicanthal folds, which may require surgical repair.

A B C

Figure 35-2. Surgical 
correction of orbital hypertelorism. 
A, Intracranial/extracranial 
approach. B, Facial bipartition. 
C, Subcranial approach. (From 
Dufresne CR: Complex Craniofacial 
Problems. New York, Churchill 
Livingstone, 1992, with permission.)
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18. Why is proper management of the medial canthal tendon important in OHT repair?
Failure to secure the medial canthus with transnasal wires results in canthal drift and pseudohypertelorism. This gives 
the false impression of OHT relapse.

19. What is the role of the lateral orbital wall in OHT repair?
Lateral orbital wall translocation most closely approximates globe movement. Medial translocation of the dacryon is not 
as reliable for predicting the effects on medial movement of the globe.

20. What are the key steps to keep in mind during surgical planning for OHT correction?
 • Remember the average IOD is 25 mm in females and 28 mm in males.
 • Check the level of the cribriform plate prior to surgery.
 • Preserve continuity of the nasal mucosa to the cribriform plate to minimize loss of smell.
 • Choose the surgical procedure that best suits the patient’s anatomy (facial bipartition, U-shaped osteotomies, or box 
osteotomies).

 • Discuss postsurgical redundant nasal skin with family and the options for correction.

21. What are the most common complications following OHT repair?
The most common problems can be remembered with the mnemonic “PREST IN” (Pseudohypertelorism, Relapse from 
inadequate exoneration of interorbital contents, Enophthalmos, Strabismus, Temporal hollowing, Infection, Nasolacrimal 
dysfunction).

22. What is Cohen craniosynostosis syndrome?
Cohen craniosynostosis syndrome is also known as craniofrontonasal dysplasia. Patients are more commonly female 
and have coronal synostosis, frizzy or curly hair, and frontonasal dysplasia.
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CraniofaCial SyndromeS

 1. What is a syndrome? What are craniofacial syndromes?
The term syndrome derives from Greek and literally means “run together.” In medicine the term syndrome is the 
association of several clinically recognizable features, signs, or symptoms resulting from multiple malformations 
occurring during fetal development. In genetics a syndrome represents multiple malformations occurring in 
embryonically noncontiguous areas.

Currently, the classification of craniofacial syndromes is still most commonly based on morphologic craniofacial 
characteristics and occasional associated extracranial anomalies. It may help the reader to distinguish craniofacial 
syndromes in which the pathology is early fusion of cranial vault and base sutures with associated facial features from 
syndromes in which the main pathology is in the facial region without premature suture closure.

Despite our attempts to clearly delineate and define craniofacial syndromes, there often is overlap in presentations and 
etiologies with only one additional feature differentiating between syndromes. With future advancements in genetics and 
molecular biology we may find that certain syndromes we consider separate entities are in actuality identical in etiology 
but represent a different scale of severity (expression) of the same syndrome.

 2. What is the difference between malformation, deformation, and disruption?
Most congenital anomalies can be divided into three types: malformation, deformation, and disruption.

Malformation is the most common process causing craniofacial anomalies. It is considered a morphologic defect in an 
organ area of the body caused by abnormal intrinsic development.

Deformation is a process that may be caused by extrinsic forces of lesser amplitude than those causing disruption. An 
example is a clubfoot thought to be caused by intrauterine compression secondary to oligohydramnios. Another example 
is a cleft palate in a patient with Pierre Robin sequence in whom, in utero due to limited extension of the head and jaw, 
the tongue does not drop in the oral cavity, thus interfering with migration of the palatal shelves from a vertical position 
to a horizontal position, creating a cleft.

Disruption is a breakdown of the original fetal developmental process secondary to severe external forces, as seen in 
severe facial clefts secondary to amniotic bands.

 3. What is craniosynostosis? Do all patients with craniosynostosis have syndromes?
The cranial sutures together with cranial fontanelles separate the skull bones and offer mobility and overlapping, 
enabling the head to squeeze through a tight birth canal and later allow expansion of the skull with brain growth. 
Early closure of a single or any combination of multiple sutures is termed craniosynostosis. In general, single 
suture synostosis is nonsyndromic whereas multiple suture synostosis is associated with syndromes. The overall 
relative prevalence of craniosynostosis is 1:2500, with syndromic craniosynostosis accounting for only 10% to 
20% of these cases.

 4. How does cranial growth occur, and what are the theories regarding the etiology of 
sutural synostosis?
Skeletal growth is dependent on both intrinsic and extrinsic forces. Craniofacial growth occurs through two basic 
mechanisms. First, most initial growth occurs at growth centers by expansion at sutures, especially the neurocranium. 
Second, bone remodeling occurs through deposition on the outer surface of the bone and resorption on the inner 
surface, which occurs in the neurocranium but more so in the facial region. The exact etiology of suture synostosis is 
unclear and probably is multifactorial. Certain theories state that the main pathology is within the suture and/or adjacent 
bone biology (primary craniosynostosis). Others believe it is secondary to abnormal growth of surrounding structures, for 
example, the brain (secondary craniosynostosis).
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 5. How is cranial growth affected by suture synostoses?
Virchow was the first to note abnormal cranial growth patterns associated with early sutural synostosis and stated that 
growth occurs parallel to the affected suture and is restricted perpendicular to the suture. This classic theory, however, 
does not explain growth patterns of complex deformations extending to the cranial base, orbit, and other cranial regions. 
Delashaw formulated four rules that try to explain growth patterns seen in complex deformations:

 • Cranial bones connected by a fused suture act as a single bone plate with restricted growth.
 • Increased bone deposition occurs at perimeter sutures away from the synostotic bone plate, causing abnormal and 
asymmetric growth.

 • Enhanced bone deposition occurs at the open sutures at the edges of the synostosed suture, as seen in frontal 
bossing from the normal contiguous, contralateral coronal suture.

 • Greater compensatory growth is seen in adjacent sutures than in perimeter sutures.

 6. Which sutures are most commonly involved in craniofacial syndromes?
All sutures may be involved in craniofacial syndromes, but the majority of the cases show bilateral coronal synostosis 
causing brachycephaly (increased width to anteroposterior ratio). This condition is often found associated, in variable 
degrees, with other types of sutural synostosis.

  7. Why do most patients with syndromic craniosynostosis have some level of midface 
hypoplasia (midface underdevelopment)?
Premature fusion of the cranial base has been postulated to occur in patients with syndromic craniosynostosis. 
Experimental studies performed in rabbits showed premature synostosis of the cranial base alone may account for 
many dysmorphic features seen in craniofacial syndromes. This is one potential explanation for dysmorphic facial 
features, including midface hypoplasia, in patients with syndromic craniosynostosis. Synostotic extension into the basilar 
coronal hemi-ring is also seen in some patients with unilateral coronal synostosis but has not been associated with 
increased cranial base angulation.

 8. Which type of suture synostosis relates to which morphologic appearance?
 • Premature fusion of the sagittal suture: Scaphocephaly
 • Premature fusion of one coronal suture: Anterior plagiocephaly
 • Premature fusion of bilateral coronal sutures: Brachycephaly
 • Premature fusion of one lambdoid suture: Posterior plagiocephaly
 • Premature fusion of the metopic suture: Trigonocephaly

 9. List some common craniofacial syndromes and their distinguishing features, 
frequency, mode of inheritance, and associated genetic abnormalities.
See Table 36-1.

10. What is acrocephalosyndactyly?
From the Greek akros—extreme/extremity, kephalo—head, and sundaktulos—fused fingers/toes. Also known as 
acrodysplasia. Acrocephalosyndactyly is simply another term to describe syndromes that include premature fusion 
of cranial sutures and abnormalities of the limbs, mainly syndactyly (fusion of fingers/toes), with different levels 
of complexity. See Table 36-1 for correlation between the name of the syndrome and its acrocephalosyndactyly 
classification.

11. What are the goals in the treatment of patients with craniofacial syndromes, and 
what procedures are commonly used?
The basis of any problem solving in plastic surgery should address two fundamentals: form and function.

Form

No medical treatment exists for craniosynostosis. As discussed in Questions 5 and 7, synostosis of both the cranial vault 
and cranial base causes abnormal growth of the calvarium and midface. Initially, surgeries involving strip craniectomies 
(cutting out the fused suture) failed to produce long-lasting results. Only with the development of techniques involving 
resection of sutures and extensive remodeling of the calvarium have we seen longer lasting results.

Nearly all syndromic patients have some extent of bilateral coronal craniosynostosis involving the base of the 
skull as well. They suffer from frontoorbital recession, often shallow orbits with short anterior cranial fossa, which 
contributes to the development of proptosis in these patients. Frontoorbital advancement may correct these 
abnormalities (Fig. 36-1).
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Table 36-1. Common Craniofacial Syndromes

Name of 
SyNdrome

relaTively UNiqUe feaTUreS  
oTher ThaN CraNioSyNoSToSiS freqUeNCy

mode of  
iNheriTaNCe

Apert  
(acrocepha
losyndactyly  
 type I)

Severe brachycephaly,  moderate  hypertelorism, 
turricephaly,  midface  hypoplasia often causing 
airway  obstruction, higharched palate, 30%  
cleft palate, parrot beak deformity of  
nose, acne vulgaris, complex syndactyly  
of  fingers and toes, lower than average IQ

1:160,000 AD One of 
two FGFR
2  
mutations

Crouzon 
(acrocepha
losyndactyly  
 type II)

Most common craniofacial dysostosis, higher potential 
for increased intracranial pressure, high potential for 
optic nerve compression, no limb involvement

1:10,000 AD Multiple  
possible 
mutations  
in FGFR2

SaethreChotzen 
(acrocepha
losyndactyly  
 type III)

Craniosynostosis not obligatory, bicoronal if present, 
lowset frontal hairline, upper lid ptosis, facial 
asymmetry, brachydactyly, usually partial simple 
syndactyly

1: 25,000–
50,000

AD Mutation  
in TWIST  
gene

Pfeiffer 
(acrocepha
losyndactyly  
 type V)

Broad thumbs and great toes, conductive hearing loss

Type I: Mild form, bilateral coronal synostosis, normal 
intelligence, mild proptosis

Type II: Most severe, cloverleaf skull, severe 
proptosis, hydrocephalus, midface deficiency

Type III: Type II without cloverleaf skull, neurologic 
compromise, limited life span

1:100,000 AD FGFR1 
and 
FGFR2

Carpenter Towershaped skull, short neck, preaxial polydactyly, 
syndactyly, mild to  moderate mental deficiency 
although may be  normal, often associated with 
 cloverleaf skull (pansynostosis), cardiovascular 
anomalies in up to one third of patients

Very rare AR

AD, Autosomal dominant; AR, autosomal recessive; FGFR, fibroblast growth factor receptor.

Inferior orbital fissure

Greenstick site

Figure 36-1. Patients with syndromic craniosynostosis usually have involvement of the coronal sutures bilaterally 
associated with short anterior cranial fossa, frontoorbital recession, and shallow orbits. Frontoorbital advancement 
attempts to restore frontoorbital relations and correct the proptosis.



241CRANIOFACIAL SURGERY I—CONGENITAL

Figure 36-3. Midface hypoplasia is often treated with Le Fort III advancement.

Patients with involvement of other suture fusions will have associated shape abnormalities (see Question 8) requiring 
other procedures, such as posterior remodeling for patients with posterior plagiocephaly secondary to lambdoid suture 
synostosis or additional midvault remodeling in patients with involvement of the sagittal suture.

Patients with midface hypoplasia and malocclusion, most commonly Angle class III, will need appropriate Le Fort 
osteotomies (Figs. 36-2 and 36-3).

Function

Intracranial Hypertension: Single suture nonsyndromic craniosynostosis is less commonly associated with increased 
intracranial pressure (ICP). When more than one suture is involved, as seen in syndromic patients, the risk of increased 
ICP is amplified. This may produce brain dysfunction and visual compromise. Also, syndromic patients reportedly have 
a 10% to 42% increased risk for hydrocephalus causing elevated pressures. In these patients ventriculoperitoneal 
shunting usually is indicated rather than cranial expansion.

Figure 36-2. Syndromic patients 
most commonly have Angle class III 
malocclusion, which is treated by a 
Le Fort I advancement.
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Progressive Exophthalmos Threatening the Eyes: Syndromic patients often suffer from shallow orbits, often caused 
by short anterior cranial fossa, orbital floor, and lateral orbital walls secondary to vault and cranial base synos-
tosis. Increased exophthalmos may cause exposure keratopathy and corneal ulceration and may even lead to 
blindness.

Progressive Maxillary Hypoplasia Causing Breathing Problems: Midface hypoplasia is often seen in patients with syndro-
mic craniosynostosis. It rarely causes acute life-threatening respiratory problems (although these have been reported 
needing urgent midface distraction) but may cause chronic breathing difficulties more commonly seen during sleep 
and often associated with increased risk of pulmonary infections, cor pulmonale, neurologic dysfunction, and brain 
damage. Most of these patients will require midface advancement.

12. What is normal ICP, and are craniofacial syndromes always associated with 
increased ICP?
Normal ICP is 15 mm Hg or 150 to 200 mm H2O. Values up to 8 mm Hg are considered normal in the first few months of 
life. Cerebral blood flow is dependent on ICP. Cerebral perfusion pressure can be thought of as the difference between 
systemic blood pressure and ICP. For this reason ICP must be maintained at a steady state. Not all syndromic patients 
have increased ICP, but different series show pressures above 15 mm Hg in up to 40% of patients with multiple suture 
synostosis who remain untreated. Patients with Pfeifer or Carpenter syndrome who have a higher percentage of 
pansynostotic cloverleaf skulls and patients with Crouzon syndrome who have a higher incidence of increased ICP and 
optic neuropathy require diligent attention and early decompression.

13. Are craniofacial syndromes associated with mental retardation or learning 
deficiencies?
The answer is not clear. Causes of low scores on current IQ tests or low learning disability scores may be affected by 
multiple factors, including environmental factors, and may not always be inherent to the syndrome. Also, many of these 
patients undergo operations early in life, and the natural history of unoperated patients is hard to define. Shprintzen 
reported various complex craniofacial disorders that may be associated with a higher incidence of mental retardation 
or neurolinguistic deficits, including but not limited to syndromes as Apert, velocardiofacial, Opitz, Carpenter, Noonan, 
and others. Some conditions, such as frontonasal dysplasia or Crouzon syndrome, may have completely normal values 
unless increased ICP develops secondary to craniosynostosis, causing brain damage.

14. Which craniosynostosis syndromes involve the limbs? Is there a difference in the 
magnitude of limb involvement?
Apert syndrome has the most severe involvement of the limbs, seen as complex and complicated forms of syndactyly 
involving the index, middle, and ring fingers. Patients with Saethre-Chotzen syndrome have brachydactyly, patients with 
Pfeiffer syndrome have large broad great toes and thumbs, and patients with Carpenter syndrome tend to have short 
hands and polysyndactyly of the feet. Patients with Crouzon syndrome have no limb abnormalities.

15. Name a few facial syndromes and their main characteristics.
See Table 36-2.

16. In patients with velocardiofacial syndrome, what presurgical consideration is 
important prior to treatment of velopharyngeal insufficiency?
When considering a pharyngeal flap for treatment of velopharyngeal insufficiency in patients with velocardiofacial syndrome, 
the surgeon must verify the location of the carotid arteries, which are abnormally medially displaced in these patients.

17. Is Pierre Robin syndrome truly a syndrome?
No. Better understanding of the etiology of the findings of cleft palate, micrognathia, and glossoptosis has changed the 
terminology from syndrome to sequence. The cause of this triad is a sequence of events occurring in utero. Early in 
gestation the palatal shelves are oriented vertically and separated by the tongue. Normally, as the head extends and the 
mandible grows the tongue drops, allowing palatal shelve apposition in the horizontal plane. In these patients the fetal 
head does not extend sufficiently and mandibular growth is retarded. This causes the tongue to disrupt closure of the 
palate, thus creating a U-shaped cleft palate. Some studies claim that a specific syndrome was noted in 25% of these 
patients, with an additional 35% having multiple anomalies but without an identifiable syndrome. Depending on the 
degree of severity and expertise of the treating surgeon, treatment may include merely positioning in a prone position, 
lip tongue adhesion, mandibular distraction osteogenesis, or tracheostomy.

18. Can craniofacial anomalies be treated anywhere? What is the importance of a 
multidisciplinary team?
The importance of a multidisciplinary team is paramount to the successful treatment of patients with craniofacial 
syndromes. These teams should include plastic surgeons, neurosurgeons, otolaryngologists, orthodontists, oral 
surgeons, speech pathologists, developmental specialists, psychologists, and geneticists. Not only is a team 
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approach necessary, but also understanding the importance of continuity of care is vital. The relationships developed 
with these patients are critical because the treatment plans of these patients rarely include just one surgery but 
rather a sequence in which the patients are treated in a stepwise fashion, with one surgery forming the foundation 
for the next.
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Table 36-2. Facial Syndromes

Name of SyNdrome relaTively UNiqUe feaTUreS freqUeNCy
mode of 
TraNSfereNCe

Treacher Collins 
(mandibulofacial 

dysostosis, 
 Fransceschetti 
ZwahlenKlein 
syndrome)

Bilateral facial deformity, anomalies 
of the first branchial arch, groove, 
and pouch, absence of inferolateral 
orbital wall and medial zygoma, 
caudal rotation of maxilla, 
clockwise rotation of mandible, 
downward slant of palpebral 
fissure, lower lid coloboma,  parrot 
beak nasal deformity, 35% cleft 
palate, 15% macrostomia, internal 
and external ear abnormalities

1:50,000 AD Variable 
expressivity

Nager syndrome
(split hand deformity, 

mandibulofacial 
dysostosis)

Similar to Treacher Collins with 
 hypoplastic or absent thumbs, 
radius and ulna fusion, radial and 
metacarpal hypoplasia or aplasia, 
more severe mandibular hypoplasia, 
higher incidence of cleft palate, 
lower incidence of coloboma

Rare Mostly sporadic 
AD but also AR 
reported

Hemifacial microsomia 
(heterogenous 

group including 
oculoauriculovertebral 
syndrome, craniofacial 
microsomia, first and 
second branchial arch 
syndrome)

Second most common facial 
deformity after cleft lip and palate, 
3:2 male>female, right face>left 
face, soft tissue, bone, cranial 
nerve VII may be involved, severe 
microtia, variations include cleft lip 
and palate, additional cranial nerve 
involvement

1:3500–5600 Sporadic, various 
chromosomal 
abnormalities 
reported, 
possible in 
utero vascular 
disruption

Goldenhar syndrome 
(oculoauriculovertebral 

syndrome)

Variant of hemifacial microsomia with 
additional epibulbar dermoids and 
vertebral anomalies

Velocardiofacial 
syndrome

Possible cleft palate, vertical maxillary 
excess, malar flattening, mandibular 
retrusion, small ears, ventricular 
septal defect, tetralogy of Fallot, 
rightsided aortic arch, highly 
associated with learning disability

1:4000 births 
5%–8% of 

patients 
with cleft 
palate

AD chromosome 
22q abnormality, 
diagnosis 
confirmed by 
fluorescent in 
situ hybridization

Van der Woude 
syndrome

Most common syndrome associated 
with cleft lip and palate, bilateral 
paramedian lower lip pits at dry 
and wet vermilion junction

1:35,000–
100,000
1% to 2% of 

patients with 
facial clefts

AD Variable 
expressivity

AD, Autosomal dominant.
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CraniofaCial Clefts

 1. When does the embryologic development of the face take place?
Embryogenesis of the face takes place between the fourth and eighth weeks of gestation, during which the crown–rump 
length (CRL) of the fetus enlarges from 3.5 to 28 mm.

 2. When does the most rapid phase of facial development occur?
The most dramatic changes in facial development occur in the extraordinarily brief period between 17 and 27 mm CRL 
(seventh and eighth weeks of gestation). In embryos with a 17-mm CRL the facial processes have fused, marking the 
end of the transformation phase.

 3. Morphogenesis of the craniofacial skeleton begins with the formation of which bone?
The sphenoid body and its extensions. Morphogenesis continues with the formation of the middle and anterior cranial 
fossae and a reduction of the interorbital distance. Evolution proceeds with the union of the two nasal halves and the 
development of the nasomaxillary complex, which expands forward, downward, and laterally. In embryos with a 27-mm 
CRL the skeleton is completed with a lengthening of the mandibular ramus, which adapts itself to the formation of the 
nasomaxillary complex.

 4. Why do craniofacial clefts occur?
Embryogenesis of the craniofacial region is extremely complex. Significant demands are placed on the coordination of 
cell separation, migration, and interaction during a brief 4-week period. The proper amount of tissue must be present 
at an exact moment in the correct three-dimensional relationship for normal craniofacial development to occur. Any 
mishap in this intricate program can lead to disastrous consequences. Evidence from animal and clinical studies 
supports a multifactorial etiology. Factors such as infection with influenza A

2 virus, infestation with toxoplasmosis 
protozoan, maternal metabolic disorders, and exposure to teratogenic compounds, including anticonvulsants, 
antimetabolic and alkylating agents, steroids, and tranquilizers, are believed to play a role in the etiopathogenesis of 
craniofacial clefts.

 5. What are the two leading theories of facial cleft formation?
1. “Classic Theory”: Failure of Fusion. This classic theory, proposed by Dursy (1869) and His (1892), contends that the 

central region of the face is the site of union of the free ends of the facial processes. The face takes form as the 
various processes fuse. After epithelial contact is established by these processes, penetration by the mesoderm 
completes the fusion. Disruption of this sequence results in cleft formation.

2. “Modern Theory”: Mesodermal Migration and Penetration. This theory, proposed by Pohlman (1910) and Veau 
and Politzer (1936), contends that separate processes are not found in the central portion of the face; therefore 
free ends of the facial processes do not exist. Instead, the central portion of the face is composed of a continuous 
sheet of a bilamellar membrane of ectoderm known as the primary plate, which is demarcated by epithelial seams 
that delineate the principal “processes.” Into this double layer of ectoderm, referred to as the epithelial wall, 
mesenchyme migrates and penetrates to smooth out the seams. The lower face and neck are formed by a series 
of branchial arches that consist of a thin sheet of mesoderm lying between the ectoderm and endoderm. The 
craniofacial mesoderm is augmented by neuroectoderm brought in by the migrating neural crest cells, from which 
the craniofacial skeleton is believed to be principally derived. If penetration by the neuroectoderm does not occur, 
the unsupported epithelial wall breaks down to form a facial cleft. The severity of the cleft is inversely proportional 
to the degree of penetration by the neuroectoderm. If penetration fails altogether, a complete cleft is formed as the 
epithelial wall dehisces. Partial penetration results in the development of an incomplete cleft.

 6. What is the incidence of craniofacial clefts?
The exact incidence of craniofacial clefts is unknown because cases are rare and series tend to be small. However, 
extraction of cases of rare facial clefts from larger series of common clefts of the lip and palate provides a comparative 
incidence of 9.5 to 34 rare facial clefts per 1000 common clefts. Common clefts of the lip and palate occur with 
an overall incidence of approximately 1.5 per 1000 live births, so the extrapolated incidence of rare facial clefts is 
approximately 1.4 to 5.1 per 100,000 live births.
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 7. Who was the first to recognize the three-dimensional complexity of craniofacial clefts?
Dr. Paul Tessier, who stated that “a fissure of the soft tissues corresponds as a general rule with a cleft of the bony structures.”

 8. How is the Tessier classification of craniofacial clefts structured?
The orbit, nose, and mouth are key landmarks through which craniofacial clefts follow constant axes. The clefts are 
numbered from 0 to 14, with the lower numbers (0 to 7) representing the facial clefts and the higher numbers (8 to 14) 
representing their cranial extensions. When a malformation crosses both hemispheres, a craniofacial cleft is produced 
that generally follows a set “time zone.” Examples of these combinations include no. 0-14, 1-13, 2-12, 3-11, and 4-10 
clefts (Fig. 37-1).

 9. Can a patient have more than one type of craniofacial cleft? What are the rules?
The only rule, apart from craniofacial clefts following the constant “time zone” axes defined by Tessier, is that there 
are no rules. Multiple craniofacial clefts may occur, and often do, in any combination, unilaterally or bilaterally, in the 
same patient, creating an infinite spectrum of anomalous possibilities and reconstructive challenges for which Tessier 
marveled, “No two clefts are alike.”

10. What is internasal dysplasia? To which Tessier cleft does this term apply?
Internasal dysplasia is a developmental arrest in the groove separating the two nasal halves before union has occurred. 
This anomaly is known as the Tessier no. 0 cleft. Depending on the time of developmental arrest, a wide spectrum of 
anomalies is seen. In less severe cases, the anomaly is characterized by bifidity of the columella, nasal tip, dorsum, 
and distal part of the cartilaginous septum. Occasionally, a median cleft of the lip, a median notch in the Cupid’s bow, 
or a duplication of the labial frenulum is found. In more severe cases, the nasal halves are widely separated and orbital 
hypertelorism is present (Fig. 37-2A). The premaxilla may be bifid, and the maxilla may demonstrate a keel-shaped 
deformity in which the incisors are rotated upward in each half of the alveolar processes. A medial cleft of the palate 
may extend upward to the cribriform plate. The wider the cleft, the greater the interorbital distance, the shorter the 
nose, and the more arched the maxillary vault. At the other extreme, the nose may be totally absent or represented by a 
proboscis. In such cases the median bony defect extends into the ethmoids to produce orbital hypotelorism or cyclopia 
(Fig. 37-2B ). The associated brain malformation usually limits the life span to infancy.

A

B

Figure 37-1. Tessier classification of craniofacial 
clefts. A, Path of various clefts on the face. B, Location 
of the clefts on the facial skeleton. (Courtesy Dr. Paul 
Tessier.)
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11. Which craniofacial clefts begin at Cupid’s bow?
Tessier no. 1, 2, and 3 clefts begin at Cupid’s bow. In addition, no. 4 and 5 clefts and, rarely, no. 6 clefts may involve 
Cupid’s bow. Therefore all common cleft lips must be evaluated closely for additional structural anomalies.

12. What is nasoschizis? To which clefts does this term refer?
Nasoschizis is related to clefts of the lateral aspect of the nose. These clefts are commonly referred to as Tessier no. 1 or 2 
clefts (Fig. 37-3). The no. 1 cleft begins at Cupid’s bow. The common cleft of the lip is an example of this malformation. The 
spectrum of these anomalies ranges from a small notch in the alar rim to a wide defect involving one or both nasal halves. 
Clefting of the alveolar arch between the central and lateral incisors is commonly seen. The piriform aperture is violated lateral 
to the anterior nasal spine. The no. 2 cleft also begins in Cupid’s bow and crosses the alveolus in the region of the lateral 
incisor. The piriform aperture is divided at its base, and the nasal septum is intact but deviated by the maxillary distortion.

13. What is an oronasoocular cleft?
Also referred to as an oblique facial cleft, the oronasoocular cleft is a no. 3 cleft that begins at Cupid’s bow, undermines 
the base of the nasal ala, and continues cephalad into the lower eyelid (Fig. 37-4A). This is the first of the Tessier clefts 
to involve the orbit directly. The osseous component of the cleft passes through the alveolus between the lateral incisor 
and canine (Fig. 37-4B ). The cleft continues cephalad through the piriform aperture and the frontal process of the 
maxilla and terminates in the lacrimal groove. The underlying nasolacrimal system is disrupted, producing an obstructed 
nasolacrimal duct and a sac that is prone to recurrent infections. The lower canaliculus is malformed and irreparable. 
This cleft is seen more commonly than the no. 1 and 2 clefts.

A B

Figure 37-3. A, No. 1 cleft. 
The osseous location of this 
malformation is paramedian 
with compensatory lateral 
displacement of the orbit 
on the noncleft side. B, 
No. 2 cleft. Clefting of the 
alveolar arch occurs in the 
region of the lateral incisor. 
The piriform aperture is 
involved at its base as the 
cleft passes through the 
broadened frontal process of 
the maxilla to produce orbital 
hypertelorism. (Courtesy Dr. 
Paul Tessier.)

A B

Figure 37-2. No. 0 cleft. A, The osseous cleft passes between the central incisors, resulting in broadening of the nasal framework and orbital 
hypertelorism. B, Portions of the premaxilla and nasal septum are absent, and the supporting structures of the nose are hypoplastic with resultant 
orbital hypertelorism. (Courtesy Dr. Paul Tessier.)
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A B

Figure 37-5. No. 4 cleft. A, This oculofacial cleft begins lateral to Cupid’s bow and philtrum. It passes lateral to the nasal ala and onto the 
cheek, then terminates in the lower eyelid, medial to the punctum. (From Stratoudakin AC: An outline of craniofacial anomalies and principles 
of their correction. In Georgiade GS, Georgiade NG, Riefkol R, Barwick WJ [eds]: Textbook of Plastic, Maxillofacial and Reconstructive Surgery, 
2nd ed. Baltimore, Williams & Wilkins, 1992, p 343, with permission.) B, The cleft passes between the infraorbital foramen and the piriform 
aperture. The orbit, maxillary sinus, and oral cavity are united by the cleft. (Courtesy Dr. Paul Tessier.)

14. What are colobomas? Where are they found in relation to the punctum in the no. 3 
cleft?
Colobomas, which are notches (clefts) of the eyelid of varying degrees, involve the lower eyelid and are found medial to 
the punctum.

15. Why is the no. 4 cleft also called meloschisis?
First described by von Kulmus in Latin in 1732, the no. 4 cleft represents a departure of the deformity from the median 
facial structures. The cleft moves onto the cheek and, therefore, is also referred to as meloschisis. This oroocular 
or oculofacial cleft begins lateral to the Cupid’s bow and philtrum. It passes lateral to the nasal ala, which is largely 
uninvolved, and onto the cheek. The cleft terminates in the lower eyelid, medial to the punctum (Fig. 37-5A). The 

A B

Figure 37-4. No. 3 cleft. A, This cleft begins at Cupid’s bow, undermines the base of the nasal ala, and continues cephalad into the lower eyelid, 
where a coloboma is found medial to the punctum. B, The no. 3 cleft is the first cleft to involve the orbit directly. The osseous component of the cleft 
passes through the alveolus between the lateral incisor and canine, then continues cephalad through the piriform aperture and the frontal process 
of the maxilla to terminate in the lacrimal groove. (From Stratoudakin AC: An outline of craniofacial anomalies and principles of their correction. In 
Georgiade GS, Georgiade NG, Riefkol R, Barwick WJ [eds]: Textbook of Plastic, Maxillofacial and Reconstructive Surgery, 2nd ed. Baltimore, Williams 
& Wilkins, 1992, p 343, with permission.)
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osseous component of the cleft starts between the lateral incisor and canine. The piriform aperture, nasolacrimal canal, 
and lacrimal sac are spared as the cleft courses medial to the infraorbital foramen to terminate in the medial aspect of 
the inferior orbital rim and floor (Fig. 37-5B).

16. Which of the oblique facial clefts may permit orbital content prolapse into the 
maxillary sinus?
Prolapse of orbital contents into the maxilla occurs most commonly with no. 4 clefts and to a lesser degree with no. 5 
clefts. The no. 5 cleft is rare; it originates in the lip just medial to the oral commissure. This cleft courses cephalad across 
the lateral portion of the cheek (meloschisis) into the area of the medial and lateral thirds of the lower eyelid (Fig. 37-6A). The 
vertical distance between the mouth and lower eyelid is decreased, and the upper lip and lower lid are drawn toward 
each other. The eye may be microphthalmic. The alveolar portion of the cleft is found posterior to the canine in the 
premolar region. The cleft then passes lateral to the infraorbital foramen and enters the orbit through the middle third of 
the orbital rim and floor (Fig. 37-6B ). The orbital contents may prolapse through the gap into the maxillary sinus.

17. Which cleft represents an incomplete form of the Treacher Collins anomaly?
The no. 6 cleft. A coloboma of the lateral third of the eyelid marks the cephalic end of the cleft as it descends lateral to 
the oral commissure toward the angle of the mandible. The palpebral fissures have an antimongoloid slant. The bony 
cleft passes through the zygomaticomaxillary suture and involves the lateral third of the infraorbital rim. The zygoma is 
present but hypoplastic.

18. Which is the least rare of the craniofacial clefts? With which more familiar anomaly 
is it associated?
The no. 7 cleft, the least rare of the craniofacial clefts, is more commonly referred to as hemifacial microsomia. 
Additional descriptive terms include first and second branchial arch syndrome, otomandibular dysostosis, craniofacial 
microsomia, intrauterine facial necrosis, oromandibuloauricular syndrome, and lateral facial clefts. The incidence of this 
malformation is between 1:3000 and 1:5642 births.

Clinical expression is highly variable. A skin tag may represent the “forme fruste” or microform of the malformation. 
A severe no. 7 cleft begins as a macrostomia at the oral commissure and continues as a furrow across the cheek toward 
a microtic ear. The fifth and seventh cranial nerves and the muscles that they supply also may be involved. The osseous 
component of the no. 7 cleft is centered in the region of the zygomaticotemporal suture with hypoplasia of the zygoma 
and temporal bone. The zygomatic arch is disrupted and represented by proximal and distal stumps; varying degrees of 
mandibular deficiency, including complete absence of the ramus, are seen on the affected side.

19. When was hemifacial microsomia first described?
The earliest description of the malformation is the cuneiform inscriptions on the teratologic tables written by the 
Chaldeans of Mesopotamia about 2000 bc.

A B

Figure 37-6. No. 5 cleft (bilateral). A, This cleft begins just medial to the oral commissure and courses cephalad across the lateral cheek 
into the area of the medial and lateral thirds of the lower eyelid. B, The bony cleft begins posterior to the canine, then passes lateral to the 
infraorbital foramen and enters the orbit through the middle third of the orbital rim and floor. (From Stratoudakin AC: An outline of craniofacial 
anomalies and principles of their correction. In Georgiade GS, Georgiade NG, Riefkol R, Barwick WJ [eds]: Textbook of Plastic, Maxillofacial and 
Reconstructive Surgery, 2nd ed. Baltimore, Williams & Wilkins, 1992, p 343, with permission.)
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20. What syndrome is closely related to hemifacial microsomia but has the additional 
features of epibulbar ocular dermoids and vertebral anomalies?
Goldenhar syndrome. However, less than 5% of hemifacial microsomia cases actually demonstrate the findings that 
distinguish them as Goldenhar syndrome, so many do not recognize this as a distinct entity.

21. Which craniofacial cleft is often occupied by a dermatocele?
The no. 8 cleft. The bony component of this cleft is centered at the frontozygomatic suture. It begins at the lateral 
commissure of the palpebral fissure and extends into the temporal region.

22. The bilateral combination of no. 6, 7, and 8 clefts represents the complete form of 
which syndrome? (Hint: The zygomas are absent.)
Treacher Collins syndrome. The three clefts involve the maxillozygomatic, temporozygomatic, and frontozygomatic 
sutures and are responsible for the absence of the zygoma in this malformation, the hallmark of the complete form of 
Treacher Collins syndrome (Fig. 37-7). The no. 6 cleft is responsible for the coloboma of the lower eyelid. The no. 7 cleft 
is responsible for the absence of the zygomatic arch. The no. 8 cleft completes the malformation by contributing to the 
absence of the lateral orbital rim.

23. Which is the rarest of the craniofacial clefts and the first to involve the superior 
hemisphere of the orbit?
The no. 9 cleft, which is found in the superolateral angle of the orbit and affects the underlying superior orbital rim 
and orbital roof. The eyelid is divided in its lateral third, as is the eyebrow, because the cleft extends into the temporal 
hairline.

24. Which cleft is the cranial extension of the no. 4 facial cleft and is often occupied by 
a frontoorbital encephalocele?
The no. 10 cleft, which traverses the middle third of the orbit, upper eyelid, and eyebrow. The osseous component 
of the cleft involves the midportion of the superior orbital rim, the adjacent orbital roof, and the frontal bones. 
A frontoorbital encephalocele frequently displaces the entire orbit in an inferior and lateral direction to produce 
orbital hypertelorism (Fig. 37-8).

25. Which cleft is usually found in combination with the no. 3 cleft? When is it 
associated with orbital hypertelorism?
The no. 11 cleft is the cranial extension of the no. 3 facial cleft and has not been reported as an isolated deformity. The 
cleft traverses the medial third of the upper eyelid and eyebrow as it courses into the frontal hairline. The osseous cleft 
may pass lateral to the ethmoid bone to create a cleft in the medial third of the superior orbital rim. Alternatively, the 
cleft may course through the ethmoidal labyrinth, in which case orbital hypertelorism is produced.

26. Why is orbital hypertelorism usually associated with the no. 12 cleft?
The no. 12 cleft, which is the cranial extension of the no. 2 facial cleft, disrupts the eyebrow just lateral to the medial 
border. The bony cleft passes through the frontal process of the maxilla or between this structure and the nasal bone. 
The ethmoidal labyrinth is increased in its transverse dimension to account for the associated hypertelorism.

Figure 37-7. Nos. 6, 7, and 8 clefts (bilateral). These three clefts 
are responsible for the absence of the zygoma in this malformation, 
the hallmark of the complete form of Treacher Collins syndrome. 
(Courtesy Dr. Paul Tessier.)
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27. Which cleft is associated with transverse widening of the cribriform plate?
The hallmark of the no. 13 cleft, which is the cranial extension of the no. 1 facial cleft, is widening of the olfactory 
groove with concomitant transverse widening of the cribriform plate. The cleft lies medial to the eyebrow, which usually 
is displaced inferiorly. Orbital hypertelorism is a constant finding with the cleft traversing the nasal bone, ethmoidal 
labyrinth, and olfactory groove.

28. “The face predicts the brain.” Explain
Because of the intimate association of the frontonasal prominence with the development of the forebrain, the severity of 
centrally located craniofacial malformations appears to parallel that of forebrain defects. Therefore, the extent of facial 
deformity provides a clue to the severity of the developmental arrest of the forebrain.

29. In addition to the no. 0 cleft, which other cleft is associated with both hypotelorism 
and hypertelorism?
The no. 14 cleft, which is the cranial extension of the no. 0 facial cleft, may result from structural agenesis or tissue 
overabundance. When the cleft is secondary to agenesis, orbital hypotelorism is usually seen. The holoprosencephalic 
malformations, in which embryologic division of the prosencephaly into two parts is disrupted, fall into this group of 
anomalies. When frontonasal dysplasia (medial cleft face syndrome) or a frontonasal encephalocele occurs, orbital 
hypertelorism is seen (Fig. 37-9). The basic fault in embryogenesis lies in the malformation of the nasal capsule.  
The developing forebrain thus remains in its low-lying position. As a result of morphokinetic arrest of the normal 
medial movement of the eyes, the orbits remain in their widespread fetal position. In such cases, the crista galli may 
be widened, duplicated, or absent, and the cribriform plate may be caudally displaced as much as 20 mm.

30. Which structures must be considered in the reconstruction of a craniofacial cleft?
Reestablishment of facial integrity in patients with median or paramedian clefts involves all disrupted structures—the 
skeleton, facial muscles, and skin. Reconstruction is based on the following principles:

 • Reconstruction of the skeleton is accomplished by removal of abnormal elements, transposition of skeletal 
components, and use of bone grafts.

 • Reinsertion of the facial muscles is achieved by transposition and fixation of dystopic remnants. An intact muscular 
layer serves to establish and maintain form, to animate the face, and to stimulate growth.

 • Restoration of the skin is performed by transposition of local flaps. The cutaneous layer provides protection for the 
underlying structures and preserves facial contour by its attachment to the skeleton.

31. What is a no. 30 cleft?
Median clefts of the lower lip and mandible represent the caudal extension of the no. 0 cleft. The cleft of the lower lip 
may be limited to the soft tissue and present, in its most minor form, as a lip notch. More frequently, however, the cleft 
extends into the bony mandibular symphysis. As the severity of the malformation increases, the neck structures, hyoid 
bone, and even sternum are progressively involved. This group of deformities is classified as no. 30 clefts. (Take a closer 
look at Fig. 37-1.)

Figure 37-8. No. 10 cleft. The osseous cleft involves 
the midportion of the superior orbital rim, adjacent orbital 
roof, and frontal bones. A frontoorbital encephalocele 
frequently displaces the entire orbit infralaterally to 
produce orbital hypertelorism. (Courtesy Dr. Paul Tessier.)
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Figure 37-9. No. 14 cleft. When this cleft is associated with 
a frontonasal encephalocele, orbital hypertelorism is seen. 
(From Tessier P: Anatomical classification of facial, cranio-
facial and latero-facial clefts. J Maxillofac Surg 4:69, 1976, with 
permission.)

CONTROVERSY

32. What other congenital anomalies have been associated with craniofacial clefts?
Amniotic band syndrome, a rare disorder in which bands of mesoderm emanate from the chorionic side of the amnion 
and insert on the fetal body, can generate a broad spectrum of severe, disfiguring malformations. It usually occurs 
sporadically; the incidence is approximately 1:15,000 live births. The pathologic cause of both rare craniofacial clefts 
and congenital limb ring constrictions remains controversial. Despite the rarity of these two conditions, in a series of 
85 patients with rare craniofacial clefts, Coady et al. demonstrated that 22 (26%) patients had concomitant congenital 
limb anomalies. Eleven of these patients (13% of the entire group) demonstrated evidence of limb ring constrictions, 
an incidence much greater than that of the general population. This study confirmed an association between rare 
craniofacial clefts and limb ring constrictions, suggesting the two conditions may result from a common etiology.

33. Are the location and complexity of craniofacial clefts affected in patients with 
concomitant limb ring constrictions?
Definitely. Coady et al. showed that the group of patients with limb ring constrictions had a significantly greater 
complexity of craniofacial clefting than did the non–limb ring constriction group (4.27 clefts per patient vs 2.3 clefts 
per patient). The distribution of craniofacial cleft locations in patients with limb ring constrictions was found to differ 
significantly from those with other or no limb anomalies. The clefts in cases in which limb ring constrictions coexist are 
largely restricted to the paramedian axes: 2-12, 3-11, and 4-12.

34. What about an association between rare craniofacial clefts and craniosynostosis?
No definite association has been established between rare craniofacial clefts and craniosynostosis. However, sporadic 
cases have been reported, such as one by MacKinnon and David in which unicoronal synostosis and an oblique facial 
cleft occurred in the same patient. A rare event, indeed.
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CraniofaCial MiCrosoMia

 1. What is craniofacial microsomia and how frequently does it occur?
First described by Gorlin in 1963, craniofacial microsomia is a spectrum of morphogenetic anomalies involving 
the cranial skeleton, soft tissue, and neuromuscular structures derived from the first and second branchial arches. 
It is the second most common congenital facial anomaly after cleft lip and palate, with an incidence of 1:5600 live 
births. The anomaly is unilateral in 80% of cases. The male-to-female ratio is 3:2, and the anomaly has a 3:2 preference 
for the right side.

 2. Does craniofacial microsomia and hemifacial microsomia represent the same entity?
Yes, as do the first and second branchial arch syndrome, oculoauriculovertebral sequence, otomandibular dysostosis, 
and lateral facial dysplasia. The variety of names reflects the wide spectrum of clinical deformities included in this 
category.

 3. What are the current theories of the pathogenesis of craniofacial microsomia?
Current theories include stapedial artery hematoma during the fourth to eight weeks of gestation, and failure of neural 
crest cell development and migration.

 4. Are any genetic or familial factors believed to play a role in craniofacial 
microsomia?
Most cases are sporadic, although both autosomal dominant and recessive patterns have been reported with association 
with chromosomes 8, 22q, and 14q. Some cases have been associated with maternal diabetes and second-trimester 
bleeding. The recurrence rate in first-degree relatives is estimated to be 3%.

 5. Describe the typical clinical appearance of a patient with craniofacial microsomia.
Hypoplasia of the mandibular ramus, which usually is accompanied by hypoplasia of the zygoma, maxilla, and temporal 
bone, causes flattening of the lateral part of the face. In unilateral cases, the nose and chin are deviated to the affected 
side and the occlusal plane is tilted upward on the affected side. Varying forms of microtia and soft tissue hypoplasia 
contribute to facial asymmetry.

 6. What is Goldenhar syndrome?
Also referred to as oculoauriculovertebral sequence, Goldenhar syndrome is a variant of hemifacial microsomia 
characterized by unilateral craniofacial abnormalities including epibulbar dermoids, preauricular skin tags, and spinal 
anomalies. A greater incidence of cleft lip and palate has been reported with Goldenhar syndrome relative to other 
syndromes.

 7. What is the role of prenatal ultrasound in diagnosing conditions affecting 
development of the first and second branchial arches?
Cases of both craniofacial microsomia and Goldenhar syndrome have been diagnosed prenatally, thus allowing for early 
parental counseling and subsequent genetic testing. Microphthalmia, ear anomalies, epibulbar dermoids, and facial 
clefts all have been identified by prenatal ultrasound.

 8. What diagnostic tests, in addition to physical examination, are useful tools in the 
assessment of patients with craniofacial microsomia?
Panoramic views (Panorex), anteroposterior, lateral, and basal cephalometry, computed tomographic (CT) temporal bone 
scan, and audiology all are useful tools in the assessment of patients with craniofacial microsomia.

 9. Are clinical ear findings of craniofacial microsomia associated with hearing loss?
Although children with craniofacial microsomia have a higher incidence of hearing abnormalities compared with 
the general population, neither the degree of auricular hypoplasia nor malposition is associated with audiology 
results.

38
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10. Classify the mandibular malformations associated with craniofacial microsomia.
The Pruzansky classification is often used to define mandibular deficiency. In type I, all components of the mandible 
are present but hypoplastic to varying degrees. The temporomandibular joint is present, but the cartilage and joint 
space are reduced. In type IIA, the condylar process is cone shaped and forms an articulation that allows hinge but not 
translatory movement. In type IIB, no condylar process articulates with the temporal bone, but a coronoid process of 
varying size is present. In type III, the entire mandibular ramus is absent.

11. What classification systems have been used in an attempt to encompass the range 
of abnormalities found in craniofacial microsomia?
The SAT classification system allows classification of skeletal, auricular, and soft tissue deformities (Fig. 38-1). The 
OMENS-plus classification system describes involvement of orbit, mandible, ear, facial nerve, and soft tissue structures, 
plus extracranial abnormalities (Table 38-1).
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bone grafting
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Figure 38-1. SAT classification 
of craniofacial microsomia in which 
abnormalities are categorized 
based on involvement of skeletal, 
auricular, and soft tissue. (From 
David DJ, Mahatumarat C, Cooter RD: 
Hemifacial microsomia: A multisystem 
classification. Plast Reconstr Surg 
80:525–535, 1987.)

Table 38-1. OMENS-Plus Classification

O 0 Normal orbit
1 Abnormal size
2 Abnormal position
3 Abnormal size and position

M 0 Normal mandible
1 Hypoplastic mandibular ramus
2 Hypoplastic and malformed mandibular ramus
3 Absence of ramus, glenoid fossa

E 0 Normal ear
1 Auricular hypoplasia
2 Absence of external auditory canal
3 Absent auricle and malpositioned lobe

N 0 Normal facial nerve
1 Upper facial nerve involvement
2 Lower facial nerve involvement
3 All branches affected

S 0 No soft tissue abnormality
1–3 Minimal, moderate, severe soft tissue/muscle deficiency

Plus Extracraniofacial abnormalities

OMENS-plus, Orbit, mandible, ear, facial nerve, and soft tissue structures, plus extracranial 
abnormalities.
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12. What orthodontic treatment is used in patients with craniofacial microsomia?
For mild cases, an intraoral functional appliance is constructed to hold the affected mandible in a lowered, forward 
position and may improve the osseous and soft tissue architecture during the time period when the child is growing. 
It has little negative effect. It is also used in the presurgical phase of treatment and may be particularly beneficial in 
patients with type I deformities. It is also used in the postoperative period to prevent relapse of the mandibular deformity 
and to stimulate growth of the maxilla.

13. What are the goals of surgical treatment in craniofacial microsomia?
The goals are construction and reshaping of the craniofacial skeleton, augmentation of soft tissue, and treatment 
of associated conditions such as auricular malformation and facial paralysis. Functional considerations include 
temporomandibular joint articulation and subjective and objective occlusion.

14. What surgical methods are available to reconstruct the mandibular ramus and 
increase the size of the mandible?
In type I and II malformations in which the mandibular ramus is present, bony length can be increased by distraction 
osteogenesis in younger children or by sagittal split mandibular osteotomies or bone grafts (as interpositional or onlay) 
in patients with a mature cranial skeleton. In type III malformations, the mandibular ramus and condyle need to be 
constructed with costochondral and/or iliac bone grafts.

15. What new surgical treatments are being used for type III mandibular deformities?
Microvascular techniques including second metatarsophalangeal joint transfer has been described to provide two epiphyseal 
plates for continued growth on the affected side and a functioning articulation to approximate the temporomandibular joint.

16. What structure is subject to anatomic variation in patients with craniofacial 
microsomia and is of special concern during mandibular surgery?
The position of the inferior alveolar nerve is extremely variable in patients with craniofacial microsomia, especially types 
IIB and III, making identification of this structure paramount before proceeding with osteotomies.

17. What are the indications for maxillary operation?
After construction of the mandibular ramus, abnormalities such as maxillary rotation, openbite, contralateral maxillary 
excess, and maxillary narrowing should be addressed. If maxillary leveling cannot be achieved with orthodontics alone, 
a Le Fort I osteotomy is indicated.

18. What are the goals of mandibular distraction?
The three goals of mandibular distraction are (1) to lengthen the mandibular ramus and body, (2) to reduce the gonial 
angle, and (3) to increase the intergonial distance.

19. How do you know when mandibular distraction is adequate?
When the distance between the lateral canthus and lateral commissure of the mouth on the affected side is the same 
as that on the unaffected side and when the mandibular occlusal midline is overcorrected by 3 to 4 mm, mandibular 
distraction is considered adequate.

20. What surgical methods are used for treatment of deformities of the nose and chin 
after completion of bony reconstruction?
If septal deviation persists after maxillary reconstruction, septal reconstruction and inferior turbinectomy may be 
required. The chin often is deviated toward the side of the defect in a retruded, inferior position often requiring an 
asymmetric, jumping, sliding osseous genioplasty.

21. What is the sequence of reconstructive surgery in children with craniofacial 
microsomia?
The sequence of reconstructive procedures includes correction of macrostomia in the first few months of life, excision 
of preauricular skin tags within the first year, mandibular distraction at age 2 years, costochondral grafts if needed, ear 
reconstruction and zygomaticoorbital complex reconstruction at 6 to 7 years, followed by soft tissue augmentation in 
adolescence.

22. What are the methods of soft tissue deficiency treatment?
Treatment of soft tissue deficiency includes autologous fat injections or dermal fat grafts for mild contour irregularities, 
pedicled or free muscle flaps for muscle atrophy, and microvascular free tissue transfer for large volume deficiencies. 
The parascapular flap is the preferred free muscle flap. The serratus anterior flap would atrophy over time, and the 
superficial temporal fascial flap would not provide the necessary volume.
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23. What is the most common postoperative complication after sagittal split osteotomy?
Paresthesia of the lower lip is the most common immediate postoperative finding after a bilateral sagittal split 
osteotomy. It is generally bilateral and is due to neurapraxia resulting from stretch and compression of the inferior 
alveolar nerve as the mandible is mobilized and fixed into its new position. Studies have shown that the incidence of this 
finding ranges from 85% to 97% in the immediate postoperative period. The older the patient, the more protracted the 
sensory deficit.

24. In patients with craniofacial microsomia, which cranial nerve is most frequently 
involved?
The facial nerve is the most commonly involved cranial nerve, occurring in 10% to 45% of patients.

25. How does distraction osteogenesis differ from sagittal split osteotomy for treatment 
of mandibular hypoplasia?
After sagittal split osteotomy, the bone fragments are rigidly fixed and in touch with each other, whereas in distraction 
osteogenesis, the bony fragments do not touch each other, and fragments are not rigidly fixed to each other.

Sagittal split osteotomy of the ramus produces two overlapping bony fragments in the retromolar region. A sagittal 
complete osteotomy is performed lateral and parallel to the course of the mandibular nerve, leaving the nerve in the 
medial and distal fragment. This distal fragment is then advanced anteriorly, and osteotomy segments are rigidly fixed 
with screws.

In distraction osteogenesis, circumferential cortical osteotomies are performed on the mandible, leaving the mandibular 
nerve untouched in the cancellous part. A distraction device is then fixed on either side of the osteotomy, and daily 
distractions are performed starting on postoperative day 2 to 5 at a rate of 1 mm/day to stimulate bone growth between 
fragments.

26. In a sagittal split osteotomy of the mandible, the neurovascular bundle should 
remain in which of the following segments of the mandible?
The mandibular branch of the trigeminal nerve (V3) enters the mandible at the lingual foramen at the proximal and 
medial aspect, travels through the mandibular canal distally and laterally, and emerges through the mental foramen, 
which is located at the level of the second premolar halfway between the superior and inferior borders of the mandible. 
It innervates the lip and teeth. During mandibular sagittal split osteotomy, the neurovascular bundle must remain in the 
distal segment of the mandible to maintain innervation of the lip and teeth.

27. What is the optimal daily rate of distraction?
Distraction at a rate of 1 mm/day has been shown to be optimal in most situations. In infants the osteogenic potential 
is higher and distraction can be done at a rate of 2 mm/day, but this high rate is associated with delayed ossification. 
Rates of 0.5 mm daily or less are associated with an increased risk for premature consolidation.
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Skull BaSe Surgery

 1. What are the anatomic divisions of the cranial base?
Anterior Cranial Fossa: Formed anterolaterally by the frontal bone, inferiorly by the orbital plates and the anterior 

 portion of the body of the sphenoid, medially by the cribriform plate of the ethmoid bone, and posteriorly by the 
lesser wings of the sphenoid bone.

Middle Cranial Fossa: Formed anteriorly by the posterior margins of the lesser wings of the sphenoid bone, the  anterior 
clinoid processes, and the ridge forming the anterior margin of the chiasmatic groove; laterally by the temporal 
 squamae, the parietal bones, and the greater wings of the sphenoid; and posteriorly by the petrous portion of the 
temporal bone and dorsum sellae.

Posterior Cranial Fossa: Formed anteriorly by the dorsum sellae and the clivus of the sphenoid, inferiorly by the basal 
part of the occipital bone, anterolaterally by the petrous and mastoid portions of the temporal bone and the mastoid 
angles of the parietal bones, and posteriorly by the occipital bone.

 2. List the foramina found in each segment of the cranial base and their contents.
See Table 39-1.

 3. What tumors (malignant and benign) are commonly found in the cranial base?
 • Malignant Extracranial Tumors: Squamous cell carcinoma, adenoid cystic carcinoma, rhabdomyosarcoma, 
hemangiopericytoma, esthesioneuroblastoma, malignant schwannoma

 • Malignant Intracranial Tumors: Esthesioneuroblastoma, malignant schwannoma
 • Malignant Primary Basicranial Tumors: Chondrosarcoma, osteogenic sarcoma, metastatic disease

Table 39-1. Foramina and Contents in Each Segment of the Cranial Base

Foramen ConTenTs

anterior Cranial Fossa

Foramen cecum Vein from nasal cavity to superior sagittal sinus
Anterior ethmoidal foramen Anterior ethmoidal vessels and nasociliary nerve
Posterior ethmoidal foramen Posterior ethmoidal vessels and nerve
Foramina for olfactory nerves Olfactory nerves

middle Cranial Fossa

Optic foramen Optic nerve
Superior orbital fissure Cranial nerves III, IV, VI, V1
Foramen rotundum Cranial nerve V2
Foramen ovale Cranial nerve V3
Foramen spinosum Middle meningeal artery
Anastomotic foramen Branch from middle meningeal artery to lacrimal artery
Emissary foramen Vein from cavernous sinus to pterygoid plexus
Innominate canal Lesser petrosal nerve to otic ganglion
Foramen lacerum Small nerve of pterygoid canal and small meningeal branch from 

 ascending pharyngeal artery

Posterior Cranial Fossa

Jugular foramen Inferior petrosal sinus, lateral sinus, meningeal branches from  occipital 
and ascending pharyngeal arteries, glossopharyngeal nerve, 
 pneumogastric nerve, spinal accessory nerve

Foramen magnum Medulla oblongata and its membranes, spinal accessory nerves, 
 vertebral arteries, anterior and posterior arteries, occipitoaxial 
ligaments

Internal auditory meatus Facial nerve, auditory nerve and artery
Anterior condyloid foramina Cranial nerve XII and meningeal branch from ascending pharyngeal 

artery
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Figure 39-1. A, Scope of tumor sites in the anterior skull base and clivus that can be exposed by transfacial routes. B, Summation of the 
six different levels of approach demonstrating that the anatomic site of the tumors and direction of growth determine the level of transfacial 
exposure. The overlapping exposure shared by these approaches allows flexibility in choosing the best angle of surgical approach. C, The 
upper three approaches (levels I, II, III) are derived from the supraorbital bar. D, The lower three approaches (levels IV, V, VI) provide exposure 
through the maxilla. Variations of each of these approaches have been developed over time to customize the osteotomy further to the location 
and size of the tumor. The approaches are lateralized or centralized, and maxillectomies are added. (Reprinted with permission of the Barrow 
Neurological Institute, Phoenix, AZ.)

 • Benign Extracranial Tumors: Inverted papilloma, angiofibroma, salivary gland pleomorphic adenoma, paraganglioma, 
mucocele, cholesteatoma

 • Benign Intracranial Tumors: Pituitary adenoma, craniopharyngioma, meningioma, schwannoma, ossifying fibroma
 • Benign Primary Basicranial Tumors: Fibrous dysplasia, osteoma, osteoblastoma, chordoma, congenital dermoid

 4. What are the common clinical findings associated with tumors of the skull base?
History and physical examination provide valuable information about the location and extent of a tumor. Presenting 
signs and symptoms may be vague and varied, depending on the type, size, and location of the tumor in the skull 
base. A skull base tumor may even remain silent until it has grown to a compromising size when symptoms then 
become evident. Signs of benign tumors are usually due to compression of adjacent tissues, causing in the orbital 
region, for instance, proptosis, diplopia, epiphora, and conjunctival exposure. Symptoms of malignant tumors, 
which are invasive, are often headaches, focal seizures, and loss of cranial nerve function (i.e., blindness, anosmia, 
diplopia, ptosis, altered facial sensation and/or animation, altered speech and/or swallowing, tinnitus and/or hearing 
loss).

 5. How has the development of transfacial approaches to the cranial base enabled 
more successful skull base surgery?
Access to the midline skull base has always been difficult because of the complex anatomy of the vital structures. 
Transfacial approaches, developed over the past 2 decades, offer safe avenues of skull base exposure, often 
allowing single-stage resection, which shortens operating time and reduces morbidity (Fig. 39-1). The simultaneous 
advancement of medical technology in neurosurgery, radiographic techniques, anesthesia, and intraoperative and 
postoperative monitoring has further aided in the success of transfacial techniques.
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 6. What are the advantages of transfacial approaches?
 • Separation of facial units with minimal traumatic displacement due to the embryonic fusion of the facial units in the 
midline or in the paramedian region

 • Viability of displaced facial units because the primary blood supply has a lateral-to-medial direction of flow
 • Relative ease of surgical access to the central skull base due to the multiple hollow anatomic spaces of the midface
 • Greater tolerance to postoperative swelling with displacement of facial units as opposed to similar displacement of 
the contents of the neurocranium

 • Ability to reconstruct the facial units and maintain functional as well as aesthetic goals

 7. What are the disadvantages of transfacial approaches?
 • Contamination of the surgical wound with oropharyngeal bacterial flora
 • Occasional need for facial incisions and subsequent scar development
 • Emotional consideration for the patient related to surgical facial disassembly
 • Potential need for tracheostomy or endotracheal intubation postoperatively

 8. Why is the team approach important in conducting cranial base surgery?
A multidisciplinary team approach is essential. A team allows for the best care by combining the experience of a variety 
of specialists and by promoting good communication and coordination of the treatment plan and projected outcomes. 
The integral specialties are neurosurgery, head and neck surgery, plastic surgery, and neurotology. Specialists in the 
field of endovascular radiology, radiation oncology, chemotherapy, ophthalmology, neurology, and neurorehabilitation 
also make critical contributions to the skull base team.

 9. What diagnostic tests are most commonly used in the diagnosis of skull base tumors?
 • Computed tomographic (CT) scan with contrast provides information about bony involvement. Displacement of bone 
is generally seen with benign tumors, whereas malignant lesions show invasion and lysis.

 • Magnetic resonance imaging (MRI) with T1- and T2-weighted images provides details about soft tissue and extent of 
tumor margins.

 • Positron emission tomography (PET)-CT provides three-dimensional information about tumor location and viability of 
surgical removal.

 • Angiography provides information about tumor vascularity and involvement of the carotid artery and/or other critical 
vascular structures.

 • Nasoendoscopy provides information about tumor presence in the nasal and paranasal regions.

10. What is the role of tumor biopsy in diagnosing lesions of the skull base?
A direct biopsy is desirable before the final treatment plan for accessible tumors is determined. For inaccessible lesions, it 
is sometimes feasible to use CT-guided fine-needle aspiration to obtain a biopsy sample before surgery. When a specimen 
cannot be obtained preoperatively, a frozen section biopsy is taken during surgery before full exposure of the tumor.

11. How do you prepare a patient for cranial base surgery?
 • Complete history and physical examination along with informed consent
 • Clinical photographs
 • Cephalometric x-rays, dental models, and splint fabrication if occlusion will be interrupted
 • Routine laboratory tests and type and crossmatch for 4 to 6 units of blood
 • Cryoprecipitate, in anticipation of use in fibrin glue
 • CT scan or MRI on the way to surgery for immune serum globulin wand referencing
 • Prophylactic antibiotics given in meningicidal doses
 • Arrangements for psychological or family support

12. What transfacial surgical approach is used to access tumors of the anterior cranial 
fossa and tumors that extend into the superior orbital region?
The transfrontal approach, level I is performed through a bicoronal scalp incision. The radix and upper orbits are 
exposed, and the temporalis muscles are reflected so that a bicoronal craniotomy can be done. The incision must be 
posterior enough to provide an adequate frontogaleal flap. The dura is then dissected from the exposed anterior cranial 
fossa and cribriform plate. This procedure is facilitated by removal of the supraorbital bar. Watertight reconstruction, 
maintaining separation between the nasopharynx and cranial fossa, is achieved with local flaps, cranial autografts, and 
fibrin glue where indicated (Fig. 39-2A–C ).

13. What are the variations of the transfrontal approach, and what are indications for 
their use?
The transfrontal approach, level I can be customized centrally or unilaterally based on tumor location with the 
centralized transfrontal osteotomy and the unilaterial transfrontal osteotomy (Fig. 39-2D and E ).
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14. What transfacial surgical approach is used to expose the anterior cranial fossa, 
nasopharynx, clivus, orbit, and tumors that grow anteriorly?
The transfrontal nasal approach, level II is performed through a bicoronal incision. The radix, nasal bones, and nasal process 
of the maxilla are exposed, and the periorbita are stripped by reflecting the flap anteriorly. The medial canthal ligaments are 
taken down, the upper lateral cartilages are detached from the nasal bones, and the nasolacrimal ducts are exposed and 
preserved. A bifrontal craniotomy is performed, and dural dissection is completed. The supraorbital bar and nasal orbital 
complex are osteotomized and removed. After tumor resection, the frontal nasal fragment is affixed in its anatomic position 
with rigid fixation. The upper lateral cartilages are reattached to the nasal bones, and the medial canthal ligaments are repaired 
by transnasal wiring. Skull base reconstruction is achieved with local flaps and cranial autografts as needed (Fig. 39-3A–C ).

15. What are the variations of the transfrontal nasal approach and indications for their use?
The transfrontal nasal approach, level II can be customized with cribriform plate osteotomy, central transfrontal nasal 
osteotomy (with or without cribriform plate osteotomy), and unilateral tranfrontal nasal osteotomy based on the tumor 
site (Fig. 39-3D and E ).

16. What transfacial surgical approach is used for resection of large anterior cranial 
fossa or nasopharyngeal lesions and clival lesions with anterior extension?
The transfrontal nasal-orbital approach, level III is done with dissection identical to that used in the level II approach. 
The osteotomy includes the lateral orbital walls from the level of the infraorbital fissure as part of the supraorbital 
fragment. Most of the superior orbital roof also can be included in the fragment to facilitate lateral retraction of the 
globes and greater midline exposure (Fig. 39-4A and B ).

17. What are the variations of the transfrontal nasal-orbital approach and indications for 
their use?
The transfrontal nasal-orbital approach, level III can be customized with cribriform plate osteotomy, unilateral 
transfrontal nasal-orbital osteotomy (with or without cribriform plate osteotomy), and orbitozygomatic osteotomy based 
on the tumor site (Fig. 39-4C–F ).

Figure 39-2. A, Level I transfrontal exposure for anterior cranial fossa and cribriform lesions. B, C, Level I exposure requires 
osteotomy of the supraorbital bar. Central (D) and unilateral (E) transfrontal osteotomies customize the approach based on tumor 
site. (Reprinted with permission of the Barrow Neurological Institute, Phoenix, AZ.)
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18. What transfacial surgical approach is used for wide exposure of the entire midline 
skull base region and large nasopharyngeal and clival lesions that extend in all 
four directions?
The transnasomaxillary approach, level IV is done through a modified Weber-Ferguson incision, which is directed 
across the radix and along the opposite subciliary margin of the lower lid. After exposing the skeletal components, a 
Le Fort II osteotomy is performed. The osteotomy crosses just medial to the infraorbital foramen and nasolacrimal duct 
where the nasal fragment is divided into two fragments. It is done at the nasal process of the maxilla on one side and 
at the midline of the palate. The nasolacrimal duct often can be preserved if caution is used not to retract the nasal 
fragment excessively. The nasal soft tissue complex remains intact and is retracted with the fragment. This approach 
now is rarely used to avoid facial incision whenever possible. Instead, a combination of level III and level V approaches 
is used (Fig. 39-5A–D ).

19. What are the variations of the transnasomaxillary approach and indications for 
their use?
The transnasomaxillary approach, level IV can be customized to include nasal osteotomy and medial maxillectomy  
(Fig. 39-5E and F  ).

20. What transfacial surgical approach is used for small clival lesions with superior, 
posterior, and inferior extensions, and small to moderate nasopharyngeal  
lesions?
The transmaxillary approach, level V is performed through an intraoral approach in which an upper buccal sulcus 
incision is made. The anterior maxilla is prepared for a Le Fort I osteotomy, and, if a midline palatal split is required, the 
soft palate is incised to one side of the uvula. The Le Fort I osteotomy is then performed and split through the midline. 
A watertight reconstruction of the skull base is performed at closure (Fig. 39-6A and B ).

A B C

D E

II & III

Figure 39-3. A, Level II transfrontal nasal exposure for anterior approach to the anterior cranial fossa and clivus. B, C, Level II 
exposure requires removal of the frontonasal unit. Level II approach with (D) cribriform plate osteotomy, central transfrontal nasal 
osteotomy (with or without cribriform plate osteotomy) and (E) unilateral transfrontal nasal osteotomy customize the approach based 
on tumor site. (Reprinted with permission of the Barrow Neurological Institute, Phoenix, AZ.)
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21. What are the variations of the transmaxillary approach, and what are the indications 
for their use?
The transmaxillary approach, level V can be customized to include a two-piece Le Fort I osteotomy. The two maxillary 
fragments then can be rotated laterally to expose the clivus. If greater exposure is needed, the pterygoid plates can be 
included on the fragments (Fig. 39-6C and D ).

22. What transfacial surgical approach is used to expose the lower clival and upper 
cervical region for resection of small tumors?
The transpalatal technique, level VI is approached through the palate by incising both the nasal floor and oral mucosa. 
An incision is also made in the upper buccal sulcus, allowing the nasal floor to be approached extramucosally. The 
soft palate is incised to one side of the uvula and continued around the alveolar margin. The mucoperiostial flaps are 
elevated, and the bony palate is osteotomized. The septum and nasal groove are separated along the nasal floor, and 
cuts are made in the lateral nasal wall into the antra with an osteotome. The bony palate is removed, and the soft 
tissue portions are retracted. For further exposure, the vomer and perpendicular plate of the ethmoid are removed with 
a rongeur. After tumor resection, the bony palate is secured with rigid fixation, and the soft tissue is repaired  
(Fig. 39-7A–C ).

23. What are the variations of the transpalatal approach and indications for 
their use?
The transpalatal technique, level VI can be customized to include a transvelar approach (Fig. 39-7D ).

A B C

D E F

Figure 39-4. A, Level III transfrontal nasal-orbital exposure for larger anterior cranial fossa, nasopharyngeal, and clival lesions. 
B, This approach is similar to level II, except that it provides a wider exposure by allowing lateral retraction of the globes. Level 
III exposure requires inclusion of the lateral orbital walls on the frontonasal fragment. Level III approach with (C) cribriform plate 
osteotomy, (D) unilateral transfrontal nasal-orbital osteotomy (with or without cribriform plate osteotomy), (E) full orbitozygomatic 
osteotomy, and (F) mini orbitozygomatic osteotomy customize the approach based on the tumor site. (Reprinted with permission of 
the Barrow Neurological Institute, Phoenix, AZ.)
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24. What are the important aspects of closure and reconstruction of the cranial base?
 • Watertight separation from the nasopharynx with local flaps and cranial autografts
 • Fibrin glue to seal suture lines
 • Rigid fixation of bone fragments
 • Use of an occlusal splint and preregistered plates when osteotomies involve occlusion

25. What are the options for flap reconstruction?
 • Local

 • Pericranial Flap: Anteriorly based or laterally based on the temporalis muscle. This long flap extends the entire 
length of the anterior skull base but is very thin. It is best for the midline area.

 • Temporalis Muscle: Substantial but short muscle flap that usually cannot reach past the midline. It is best for lateral 
and orbital areas.

 • Frontogaleal Flap: Last resort for secondary reconstruction. It leaves the forehead skin very thin and vulnerable to 
breakdown and radiation (Fig. 39-8).

 • Regional
 • Pectoralis major, latissimus dorsi, and trapezius muscles are useful for lateral skull defects.

 • Distant
 • Rectus abdominis free flap is versatile for closure of skull base defects. It can be used as a composite flap with the 
peritoneum and posterior rectus sheath as a vascularized dural graft. The latissimus dorsi and omentum also have 
been used to fill dead space and to cover the surface of the skull and upper face. The anterolateral fasciocutaneous 
thigh flalp is thin and versatile for external coverage. A fascia venous flap is taken with a perforator or muscle cuff. 
It will reach into the midface and orbital region because of its long pedicle. It can be customized for dura repair by 
including vastus intermedius muscle (Fig. 39-9).

BA C

ED F
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Figure 39-5. A, Level IV transnasomaxillary exposure yields a wide exposure of the entire central skull base from the radix to the 
cranial cervical junction. A similar degree of exposure usually can be obtained with a combination of level III and level V exposures. 
B, Incisions for the transnasomaxillary approach. Level IV exposure requires a Le Fort II osteotomy (C), then splitting of the maxillary 
fragment (D). E, Level IV approach can be customized to include nasal osteotomy and medial maxillectomy. F, Combined level III and V 
approaches give exposure of entire midline skull base without a facial incision. (Reprinted with permission of the Barrow Neurological 
Institute, Phoenix, AZ.)
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Figure 39-6. A, Level V transmaxillary 
approach provides exposure of the 
clivus and nasopharyngeal area. B, 
Level V approach requires a Le Fort I 
osteotomy and splitting of the palate 
for further exposure. C, D, Level V can 
be customized to include two-piece 
Le Fort I osteotomy for further exposure. 
(Reprinted with permission of the Barrow 
Neurological Institute, Phoenix, AZ.)
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Figure 39-7. A, Level IV transpalatal 
exposure provides access to the 
lower clivus and upper cervical spine. 
B, C, Level VI exposure requires removal 
of the hard palate. D, Level VI can be 
customized to include a transvelar 
approach. (Reprinted with permission 
of the Barrow Neurological Institute, 
Phoenix, AZ.)
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26. What are the indications for use of free flaps in skull base reconstruction?
 • Local flap options depleted or too small
 • Large defects
 • Previous radiation
 • Complex wounds requiring multilayer repair

27. What is the postoperative management protocol for a patient who has undergone 
skull base surgery?
 • Intensive care unit monitoring
 • Postoperative CT scans or MRIs to evaluate the brain, tumor site, and presence of any dead space and/or intracranial air
 • Endotracheal intubation until adequate resolution of swelling to ensure airway protection
 • Continuation of prophylactic antibiotics
 • Lumbar drain for cerebrospinal fluid CSF management
 • Close surveillance for infection, bleeding, and neurologic and/or medical complications
 • Arrangements for psychologic or family support

28. What complications may occur after skull base surgery?
 • Neurologic complications
 • Systemic complications
 • Wound infection
 • Cerebrospinal fluid leak
 • Malocclusion
 • Palatal fistula

A B

C

Slot for
cribriform
plate

Slot for
temporalis
muscle flap

Pericranial
flap

Cribriform
plate

Cribriform
plate defect

Cribriform
plate Pericranial

flap

Supraorbital
bar reattached

Figure 39-8. A, Scalp incisions must be planned and dissected to preserve and maximize the use of the pericranial, temporalis, and 
frontogaleal flaps. B, The osteotomy around the preserved cribriform plate is sealed with a perforated, laterally based pericranial flap. 
C, The cribriform plate is dropped through the flap and wired in place, then sealed with fibrin glue. The flap courses through a lateral 
defect in this level II transfrontal nasal approach. (Reprinted with permission of the Barrow Neurological Institute, Phoenix, AZ.)
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Figure 39-9. A, Rectus abdominus free flap is 
used for a large skull base defect requiring multilayer 
reconstruction. B, Coronal view of flap inset. ECA, 
External carotid artery; ICA, internal carotid artery; 
MCA, middle cerebral artery. (Reprinted with 
permission of the Barrow Neurological Institute, 
Phoenix, AZ.)
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 • Speech abnormalities
 • Epiphora
 • Bleeding
 • Flap or graft failure

29. What improvements in survival rates after skull base surgery have been seen over 
the past 4 decades?
In a 1995 study, O’Mally and Janecka demonstrated an increase in survival rates from 52% at 3 years after surgery and 
49% at 5 years after surgery (in the 1960s and 1970s) to 57% to 59% at 3 years after surgery and 49% at 5 years after 
surgery (in the 1970s and 1980s). A 5-year survival rate of 56% to 70% has been achieved in the 1980s and 1990s. 
The advances of skull base surgery over the past 40 years have allowed the decline in mortality rates and improved 
resectability of tumors once thought to be inoperable.
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Conjoined Twins

 1. What is the incidence of conjoined twins?
Conjoined twins occur as often as once in every 40,000 births but only once in every 200,000 live births.

 2. What are the types of conjoined twins?
 • Craniopagus: Cranial union only. Simple cases may involve only scalp and calvarium, whereas more complete cases 
involve scalp, calvarium, dura, venous sinuses, and brain (Fig. 40-1A ).

 • Pygopagus: Posterior union of the buttocks (Fig. 40-1B ).
 • Thoracopagus: Anterior union of the upper portion of the trunk. This form of conjoining is the most common type of 
conjoined twinning (Fig. 40-1C ).

 • Cephalopagus: Anterior union of the upper half of the body with two faces on opposite sides of a conjoined head 
(extremely rare); the heart may be involved (Fig. 40-1D ).

 • Rachipagus: Dorsal union of the trunk with fused vertebral columns (Fig. 40-1E ).
 • Parapagus (sometimes called Diprosopus): Lateral union of the lower half of the body, extending variable distances 
upward; heart may be conjoined to varying degrees (Fig. 40-1F ).

 • Ischiopagus: Union of the lower half of the body; heart is not involved, but conjoined spines are not uncommon and 
increase the difficulty of separation (Fig. 40-1G ).

 • Omphalopagus: Anterior union of the midtrunk (Fig 40-1H ).
 • Craniopagus/Thoracopagus Parasiticus Parasitic Twins: Asymmetrical conjoined twins; one twin is small and less 
developed. The less developed twin survives only as a parasite upon the other.

 • Fetus-in-fetu: An imperfect fetus is contained completely within the body of its sibling.

 3. What are the relative percentages of each type of conjoined twin?
 • Craniopagus: 2%
 • Pygopagus: 19%
 • Thoracopagus: 35%
 • Cephalopagus: Rare
 • Rachipagus: Rare
 • Parapagus: 5%
 • Ischiopagus: 6%
 • Omphalopagus: 30%
 • Parasitic twins: Rare
 • Fetus-in-fetu: Rare

 4. What percentage of conjoined twins are the same sex?
One hundred percent. All conjoined twins are identical twins who develop with a single placenta from a single fertilized 
ovum. Female conjoined twins appear to be about three times more common than male conjoined twins.

 5. What are the embryologic issues that lead to the formation of conjoined twins?
Approximately 2 weeks after fertilization, during the primitive streak stage, the embryonic axis incompletely splits. This 
occurs much later than the split that leads to separate monozygotic twinning. Conjoined twinning occurs exclusively in 
monoamniotic, monochorionic twins and, with the exception of parasitic conjoined twins, is generally symmetrical and 
the same parts are always united to the same parts. Although some omphalopagus twins appear to be oriented head 
to toe, careful examination reveals a twist where they are conjoined.

 6. How did conjoined twins become known as “Siamese twins”?
Conjoined twins throughout history have captivated people. They have been worshipped as gods or feared as bad 
omens, leading them to be abandoned, exiled, or even killed. As time passed, they were viewed as curiosities, and those 
who survived became sideshow acts, performed in circuses, or even became stage performers. Until the late 1800s 
conjoined twins were called “monsters.” The term Siamese twins comes from the twin conjoined brothers Chang and 
Eng Bunker who were born in Siam, now Thailand. When they first arrived in England to become circus exhibits, they 
were called “The Siamese Twins.”

40
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A
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Figure 40-1. A, Craniopagus. B, Pygopagus. C, Thoracopagus. D, Cephalopagus. E, Rachipagus. F, Parapagus. G, Ischiopagus tripus.  
H, Omphalopagus. (Copyright © 2006 Medical Modeling LLC. Reproduced with permission.)
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 7. Who were some of the historically noted conjoined twins?
The Biddenden Maids (1100–1134 ). Eliza and Mary Chalkhurst were born in England and were known as the Biddenden 
Maids. When one of the parapagus twins died, the remaining twin is said to have refused an attempt at separation, 
saying, “As we came together, we will also go together.” The twins left 20 acres of land to the poor, and every Easter 
biscuits decorated with their image are given to visitors of the village.

Lazarus and Joannes Baptista Colloredo (1617–1640s or 1650s). Lazarus and Joannes Baptista Colloredo are an 
example of parasitic twinning. Joannes grew as a parasitic appendage that grew out of Lazarus’s torso. These twins 
toured Europe as circus performers and become quite wealthy as a result.

Chang and Eng Bunker (1811–1874). Chang and Eng Bunker are the most famous of all conjoined twins. They were 
born in 1811 in Siam (what is now Vietnam/Thailand). The King initially threatened them with death because they 
were believed to represent bad omen, but ultimately they were given permission to travel the world. They joined 
an English touring circus and eventually joined Barnum’s Circus. They became quite wealthy as circus performers. 
Chang and Eng married sisters and had 21 children between the two of them. They each ran separate farms, 
spending a few days on one farm before moving to the other. Chang died of pneumonia at 63 years of age; Eng 
refused separation and died hours later.

Millie and Christine McCoy (1851–1912). The “Two-Headed Nightingale” were slaves born in North Carolina. In 
infancy they were separated from their family and sold. Four years later they were reunited with their mother. These 
rachipagus twins toured the world as a Vaudeville act, singing, dancing, and playing the piano. Income from their circus 
performances allowed them to buy the original property on which they were born as slaves. At the age of 61 years, 
Millie died of tuberculosis, and Christine died hours later.

Simplico and Lucio Godina (1908–1936). These twins from the Philippines were conjoined at the back. They married 
twin sisters, and the foursome made a living as entertainers. After Lucio died of pneumonia, Simplico was separated but 
soon died of an infection.

 8. What were some of the historical separations?
Although surgeons have always been captivated by the exceptional challenges posed by separation, few have had the 
opportunity to operate on conjoined twins.

Before the 1950s the indications for separation were as follows:

 • A simple conjoining without shared viscera, and the conjoining was remote from the head, heart, or pelvis.
 • The children would have to survive the first few months.

The first successful separation (both twins survived) on record was performed in 1689. A ligament 2.5 cm long 
× 12 cm wide joined the twins. In 1860 a physician separated his conjoined twin daughters, but only one survived. 
In 1955, Dr. Rowena Spencer separated the Duckworth twins 18 hours after delivery in an effort to save the 
stronger twin.

In 1952–1953, Dr. Oscar Sugar separated the Brodie boys, who were craniopagus conjoined twins. One of the 
14-month-old twins died 34 days after surgery. The second twin survived with a temporary hemiparesis but died at age 
11 years due to complications of hydrocephalus.

In 1957, Voris et al. described the long-term survival of a set of 7-month-old craniopagus twin girls with minimal parietal 
union and a thin sheet of bone across the plane of union. One twin reportedly survived the separation neurologically 
intact while the other was severely impaired. Twenty-eight years later, the neurologically impaired sister donated a 
kidney to her twin.

In 2004, we successfully separated a set of craniopagus twins at The Children’s Hospital at Montefiore. The junction 
included the skull, dura, a large venous plexus, and brain. A staged technique over 10 months was designed, which 
allowed successful separation without cerebrospinal fluid leak, meningitis, or hydrocephalus. While twin A has no post-
surgical issues, twin B developed epilepsy and left-side neglect approximately 1.5 years after surgical separation.

Although advances in technology have led to more frequent attempts at separation, the discussion of medical, ethical, 
religious, and cultural questions continue. Parents of conjoined twins and the physicians caring for them are constantly 
trying to provide the best care to ensure the long-term well-being for these children.
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 9. If not separated, why does the surviving twin die soon after the first dies?
The dead twin loses vascular tone, and the surviving twin loses his/her blood volume into the first.

10. What is the plastic surgical technique that has allowed the most reliable separation 
and reconstruction of conjoined twins?
Tissue expansion has revolutionized conjoined twin separation. Free tissue transfer in infants does not provide enough 
tissue for coverage. The key to favorable outcome is durable soft tissue coverage of each twin after separation. Each 
twin will have a deficit of soft tissue across the conjoined plane, and after separation vital structures must be covered 
with viable tissue. When dura is involved (e.g., in craniopagus twins), this requirement is obvious; if soft tissue coverage 
is not complete and viable, cerebrospinal fluid leak will lead to meningitis.

Except for simple conjoining, conjoined twins who are to undergo separation surgery usually undergo a preliminary 
operation to insert tissue expanders. Another possible exception is the separation of parasitic conjoined twins in which 
the parasitic twin is not sufficiently developed to survive separation. In these cases, flaps using tissue from the parasitic 
twin can be applied to the “viable twin.”

11. Why is ethics concerning the possible separation of conjoined twins a particularly 
difficult issue?
An ethics committee must consider each case of conjoined twins separately. The decisions that must be made are 
occasionally complicated by problems involving patient privacy, the treatment of shared organs, and the possibility of 
one twin dying to save the other. The risk of not separating the twins as well as their projected quality of life if they 
remain conjoined also must be taken into account.
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of fAciAl injuries 41

 1. What are life-threatening facial injuries?
Hemorrhage: Occasionally, profuse hemorrhage results from maxillofacial injuries. Such injuries are either upper Le 
Fort fractures or nasoethmoidal fractures in which nasal and sinus wall vessels are transected. Usually, hemorrhage is 
controlled by anterior–posterior nasal packing. A posterior nasal pack acts as an obturator against which the anterior 
packing can be placed. Failure to control bleeding should prompt repacking. In the case of Le Fort fractures, placement 
of the patient in intermaxillary fixation often dramatically limits blood loss. If these measures are not successful, 
hemorrhage may be occurring from the cranial base, where lacerations of the carotid or jugular system are possible 
with skull-base fractures. Angiography should be performed, and embolization of appropriate bleeding areas may be 
attempted. If these measures fail, ligation of the external carotid and superficial temporal arteries will limit blood flow 
in the common area of maxillofacial artery transection (generally the internal maxillary artery and nasal and sinus 
branches) by up to 90%.

Airway: Airway obstruction is seen with fractures of the nose or upper and lower jaws or with swelling in the floor of the 
mouth. Either jaw may displace posteriorly to partially obstruct the pharynx.

Aspiration: Aspiration occurs when patients are unable to manage their airway. Fractures of the upper and lower jaw 
commonly permit aspiration. Neck swelling, pharynx and tongue swelling and obtundation, and floor of mouth swelling 
disturb swallowing mechanisms.

 2. The presence of fat in a periorbital laceration should mandate what examination?
It implies the possibility of a globe-penetrating injury, and the globe should be carefully examined, both externally and 
funduscopically, for the presence of a laceration. As a baseline, visual acuity should be recorded in every patient with a 
facial injury, as should the presence of double vision as well. The pupillary reaction is noted.

 3. The presence of a Marcus Gunn pupil implies what cranial nerve injury?
Injury to the optic nerve, if partial, may present as a Marcus Gunn pupil. The Marcus Gunn pupil implies paradoxical 
pupillary dilation when a light is swung between the intact and the injured eyes. Normally, light causes constriction 
on the side of the injured and normal eyes as the light is swung back and forth between the opposite eye and the eye 
in question. When the optic nerve is injured, paradoxical dilation rather than constriction occurs. This finding implies 
a partial lesion of the optic nerve. Optic nerve lesions are first detected by a change in the rapidity of the response of 
the pupil to light. Thereafter, visual acuity deficits occur, including Marcus Gunn pupil. Any diminished vision should 
prompt treatment of an optic nerve injury and/or evaluation of the cause, such as retinal detachment, hyphema, or other 
intraocular problem.

 4. The presence of nasal bleeding implies fracture of what craniofacial structure?
Nasal bleeding is a nonspecific event that accompanies many craniofacial fractures. Frontobasal fractures present as 
nasal bleeding, as do fractures of the frontal sinus. Medial orbital fractures commonly produce ipsilateral epistaxis, as do 
fractures of the inferior orbit (floor) and zygoma. Bilateral epistaxis is seen in bilateral midface fractures, such as those 
of the Le Fort type, the nasoethmoidal region, and the nose.

 5. Numbness in the infraorbital division of the trigeminal nerve is consistent with 
what fracture?
It is consistent with a fracture of the floor of the orbit or the zygoma. The absence of numbness should place the 
diagnosis of these fractures in question. The presence of numbness in an orbital floor fracture is not a prognostic sign 
that implies the necessity for operative intervention. Numbness following a zygoma fracture, where the zygoma is 
medially impacted into the infraorbital canal, affects the prognosis of sensory recovery if the fracture displacement 
is not corrected. Decompression of the infraorbital foramen by fracture reduction is indicated. The infraorbital nerve 
travels from the posterior margin of the inferior orbital fissure anteriorly and medially across the floor of the orbit. 
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In the proximal two-thirds of the orbit the nerve is in a groove; in the distal third it is in a canal. The canal exits the 
maxilla approximately 10 mm below the infraorbital rim parallel to the lateral margin of the cornea in straightforward 
gaze. A branch of the nerve travels in the anterior wall of the maxilla to reach the anterior incisor and cuspid teeth. 
Other branches enter the soft tissue to innervate the upper lip, ipsilateral nose, and skin of the medial cheek. 
Numbness in either of these areas implies damage to the nerve from crushing within fracture sites. Symptoms may be 
partial or total in each set of branches. Therefore numbness of the teeth and lip implies that the fracture affects one or 
more branches of the nerve.

 6. The presence of cyanosis, drooling, and hoarseness implies damage to what 
structures and the necessity for operative intervention in what area?
Such symptoms indicate impending complete respiratory obstruction. Fractures of the upper and lower jaws, fracture 
of the larynx, or swelling in the floor of the mouth produce respiratory obstruction. If possible, a tracheostomy should 
be performed under operative conditions that permit careful identification of the trachea. A tracheostomy should be 
performed through a horizontal incision in the skin and a vertical incision between the strap muscles, dissecting down 
to the trachea. A vertical incision is made into the second and third tracheal rings, and a tube can be inserted. In urgent 
situations, a cricothyroidotomy may be performed between the cricoid and the hyoid cartilages. Cricothyroidotomy is 
meant to be a rapid, life-saving maneuver and should be converted to a tracheostomy as soon as possible.

 7. Cervical spine fractures accompany what maxillofacial injury?
Cervical spine fractures commonly accompany maxillofacial soft tissue or bony injuries and are frequently seen on 
frontal impact and mandibular fractures. An association with mandibular fractures has been both confirmed and denied 
in separate studies. Several studies have shown a slight association of mandibular fractures with upper cervical spine 
fractures. Generally the upper and lower cervical areas are the most difficult to image radiologically; if they cannot 
be cleared, the patient must be treated as if he or she has a cervical spine fracture until the injury is excluded. The 
presence of a cervical spine fracture may dictate that standard approaches to facial injuries must be converted to 
alternative approaches that do not require rotation or extension of the neck.

 8. Which maxillofacial fractures are more difficult to localize in computed 
tomographic scans?
The presence of a nondisplaced fracture (classically of the ramus of the mandible) is one of the most difficult to identify 
in computed tomographic (CT) scans. Axial and coronal imaging with appropriate bone windows is preferred. Soft 
tissue windows often miss nondisplaced maxillofacial fractures. Proper imaging, proper slice thickness, and combining 
physical examination findings with CT scan data help to prevent “missed” injuries. The orbital floor fracture is missed in 
axial CTs. The frontobasilar fracture is also missed on axial CT scans.

 9. Panorex examination of the mandible is likely to miss fractures in what 
mandibular region?
The Panorex radiograph is a flat view taken by a movable x-ray tube that displays the entire mandible as a flat structure. 
The examination generally requires patient cooperation. Some overlap and blurring usually is seen in the symphysis–
parasymphysis region, so nondisplaced fractures in this area are frequently missed. The combination of Panorex 
examination and CT scan detects almost all mandibular fractures.

 10. Split palate and alveolar fractures have what symptoms in contrast with a 
Le Fort fracture?
Fractures of that palate and alveolus generally present with mucosal and palatal lacerations. These are not the usual 
symptoms of Le Fort fractures and imply damage to the dental alveolar structures. Both Le Fort fractures and palatal 
alveolar fractures present with nasal bleeding and may present with numbness in the teeth. Alveolar fractures and 
fractures of the palate allow lateral mobility of the maxillary dentition (displacement of one side versus the other). 
Le Fort fractures have a mobile maxilla, but the segments of the dental arch are not mobile. Segments of the arch in 
palate fractures often are or can be displaced laterally and are mobile, whereas the Le Fort fracture displays mobility at 
the Le Fort I, II, or III level. In Le Fort fractures, the maxillary dental arch moves as a one-piece unit. The presence of a 
palatal alveolar fracture demands additional reduction techniques and/or splinting in combination with techniques used 
to stabilize Le Fort fractures.

 11. Which nasoethmoidal fractures do not display telecanthus?
Nasoethmoidal orbital fractures that are “greenstick” or incomplete at the junction of the internal angular process of the 
frontal bone with the frontal process of the maxilla usually are rotated posteriorly and medially at the inferior orbital rim 
and piriform aperture (type I). Therefore they tend to tense the medial canthal attachment and lengthen the palpebral 
fissure. A “bowstringing” effect on the palpebral fissure is created, along with an ipsilateral depression along the side of 
the nose and the inferior orbital rim. The presence of a complete fracture at the internal angular process of the frontal 
bone allows attachment of the medial canthal ligament to the frontal process of the maxilla to move laterally, which 
produces the classic telecanthus seen in complete nasoethmoidal orbital fractures.
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 12. Cerebrospinal fluid fistulas can be detected by what examinations?
Cerebrospinal fluid fistulas are detected by suspicion. If nasal drainage is examined, the presence of a double ring on 
absorption of the nasal drainage on a paper towel implies that the blood is separate from another component. The blood 
ring is internal and the lighter fluid ring in external, implying the presence of another substance (cerebrospinal fluid). 
Cerebrospinal fluid contains glucose, whereas nasal mucous or drainage does not. The location of a cerebrospinal fluid 
fistula is often suspected on a carefully performed CT scan. Alternatively, dye or radiographically active material can be 
placed in the spinal fluid with a lumbar puncture and collected in the nose to identify the presence of cerebrospinal fluid 
with a lumbar puncture and to identify the presence of cerebrospinal fluid rhinorrhea. Dyes also can be imaged as they 
pass through the site of the fistula.

 13. Subcondylar fractures of the mandible generally present with what occlusal disturbance?
Subcondylar fractures of the mandible usually present with a contralateral openbite in the anterior dentition and premature 
contact on the ipsilateral side. The ramus is shortened by the fracture on the affected side; therefore a premature contact in 
the molar dentition on the injured side opens the bite on the contralateral anterior dentition.

 14. Untreated Le Fort II and III fractures generally present with what changes in facial 
structure and occlusion?
Untreated fractures of the Le Fort variety generally present with bilateral eyelid ecchymosis, bilateral infraorbital nerve 
numbness, bilateral nasal bleeding, and dramatic facial swelling. A malocclusion is present. Generally the maxilla has 
dropped inferiorly in its posterior aspect, creating premature contact in the posterior dentition and an anterior openbite. 
The maxillary dental arch usually is rotated. The facial features are flattened and elongated, producing the so-called donkey 
facies of maxillary and zygomatic retrusion, nasal retrusion, and increased length of the middle third of the facial region.

 15. Incomplete or greenstick Le Fort fractures present with what symptoms and are 
characteristically found at what level?
Incomplete Le Fort fractures present with minimal signs of facial injury. Often they masquerade as an isolated zygomatic 
fracture. Incomplete fractures are more common in upper (Le Fort II and Le Fort III) fractures. Maxillary mobility is 
normally the hallmark of a Le Fort fracture; however, it is absent in incomplete injuries. Displacements usually are slight, 
so the malocclusion can be ascribed to swelling and easily missed. The fracture is also easily missed in radiographs 
because there is no displacement between fragments and the CT scans do not image undisplaced fractures with clarity. 
Therefore the diagnosis must be suspected in any patient with minor malocclusion and periorbital bruising. The injury 
usually is treated satisfactorily by the application of arch bars and traction elastics for a short (3-week) period. Missing 
the fracture generally requires a maxillary Le Fort I osteotomy as an elective corrective procedure.

 16. The presence of an anterior cranial fossa fracture is suspected by what clinical signs?
Generally, fractures of the anterior cranial fossa are not only easily missed on radiographs (they generally require 
carefully taken CT scans), but they may be missed on physical examinations. The presence of a forehead bruise or 
laceration is common. The patient may demonstrate a “spectacle” hematoma, a hematoma in the upper lid confined 
to the distribution of the orbital septum. Therefore the bruise abruptly stops where the orbital septum attaches to the 
superior orbital rim and produces a classic hematoma of the upper eyelid. Such hematomas are diagnostic of a fracture 
within the superior orbit; therefore it is an anterior cranial fossa fracture. Disturbances of olfaction and a cerebrospinal 
fluid leak also may accompany these injuries. The most common cerebral symptom is a slight disturbance of memory or 
consciousness. Even brief periods of unconsciousness imply brain contusion.

 17. What is the difference between enophthalmos and ocular dystopia?
Fractures of the lower two-thirds of the orbit commonly produce changes in eye position by expansion of the orbit. 
Fractures of the superior portion of the orbit generally are displaced inward and downward and cause the globe to be 
driven forward and downward by orbital volume constriction. Fractures of the inferior portion of the orbit may either 
constrict or expand the orbital cavity. Constriction is most commonly produced by a medially displaced zygoma fracture, 
which may cause exophthalmos of the globe. In fractures of the zygoma, orbital floor, or medial orbit that expand the 
volume of the orbit, the globe is displaced posteriorly and medially. The posterior displacement of the globe is termed 
enophthalmos. Generally, an increase of 1 cc in orbital volume is required for each millimeter displacement of the globe. 
Inferior globe displacement is called ocular dystopia. Displacement is permitted by expansion of the floor, the medial 
orbital wall, and, in cases of the zygoma, the inferior orbital rim.

 18. How are injuries of the parotid duct detected?
Parotid duct injuries should be suspected on the basis of physical examination. Lacerations in the vicinity of the duct 
(which travels on a line between the ear canal and the base of the nose and exits into the mouth opposite the second 
maxillary bicuspid–first molar area) are suspect for parotid duct injury. Because the buccal branch of the facial nerve 
and the parotid duct run close to each other, injury to either structure alone is less common than is injury to both. 
Therefore lacerations that present with buccal branch facial nerve weakness should raise suspicion for parotid duct 
injuries. The duct can be cannulated with an Angiocath intraorally. If saline is flushed into the duct, the appearance 
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of saline in the wound is diagnostic of a duct or anterior glanular laceration. Such injuries benefit from operative 
exploration and repair of the duct. Repair is conducted over a fine “stent” catheter with nonabsorbable sutures.

 19. Blunt craniofacial injuries accompanied by facial nerve palsy are generally due to 
fracture of what bone structure?
Fractures of the temporal bone are common skull-base fractures. They may be longitudinal or transverse. Steroids 
administered at a high dose rate and decompression are considered for certain injuries. The prognosis varies with the 
site of fracture.

 20. Subluxation of the condylar head anterior to the glenoid fossa produces what symptom?
It produces an openbite and inability to close the mouth. The mandible is “locked” open. The joint usually is anesthetized 
to relax the muscles, then finger pressure is delivered downward to the posterior maxillary dentition to ease the 
condylar head back into the fossa. Limited mouth opening is prescribed. Occasionally, surgical intervention is necessary 
to prevent recurrent dislocations.

 21. Transection of the lacrimal system is suggested by what physical signs?
It usually is heralded by a laceration in the vicinity of the medial canthus. The lacrimal punctum may be dilated and 
saline squirted through the punctum into the system. Appearance of saline in the wound is diagnostic of a canalicular 
laceration. Both upper and lower canalicular lacerations should be repaired. Tubes are placed into the nose, through 
the lacerated canaliculus to splint the repair. Damage to the lacrimal system commonly accompanies Le Fort III and 
nasoethmoidal fractures. However, such damage usually produces compromise or obstruction of the lacrimal system 
within the nasal lacrimal duct. Repair and repositioning of the fracture fragments often permit adequate function of the 
system. Repair of a chronically obstructed nasal lacrimal duct is accomplished with a dacryocystorhinostomy.

 22. Facial lacerations rarely require débridement because the blood supply is good and 
the tissue will usually heal. True or false?
Most facial lacerations benefit from débridement. The facial blood supply is excellent, and often contused bits of tissue 
will heal but with increased scarring. Therefore the zone of contusion should be excised, if permitted by flexibility 
and availability of soft tissue, to prevent distortion. Excision should not be performed in the upper and lower eyelid 
areas because the eyelids may not be able to close completely over the globe. In general, excision also should not 
be performed in eyelid or eyelid margin lacerations, nostril rim lacerations, or lacerations of the lip margins or ear 
because distortion may be noticeable. In other areas, resection of the contused skin allows conversion to a primary 
surgically created wound with more predictable healing and generally improved appearance. A layered repair of 
the facial soft tissue, including the fat mimetic system and the skin dermal and epidermal components, should be 
performed.

 23. Three-dimensional CT scans are indicated in what kind of fracture evaluation?
Three-dimensional CT scans are helpful for an overall picture of the fracture and are most useful for comparing 
symmetry between the sides or displacement of the zygoma or mandible. They are not as useful in the orbit because 
they are not sensitive to orbital wall displacement. The combination of axial and coronal CT scans with both bone and 
soft tissue windows provides the most accurate facial injury assessment.

 24. What potentially lethal facial fracture emergency is commonly overlooked?
Aspiration often accompanies fractures of the upper and lower jaws. It is easily missed and accounts for pulmonary 
complications that may have severe consequences. It is prevented by recognition, patient positioning, and intubation.

 25. What disastrous complications result from instrumentation or unrecognized fractures 
of the anterior cranial fossa?
Disastrous complications may occur if nasal instrumentation procedures are performed carelessly in unrecognized 
fractures of the anterior cranial fossa. Fractures of the anterior cranial fossa produce a bony discontinuity that allows 
penetration of nasogastric tubes, nasal fracture reduction instruments, and nasal packing into the anterior cranial fossa. 
One must be aware of the usual location of the cribriform plate, and instruments must be angled away from this region 
specifically. Both instruments and nasogastric tubes have been inadvertently introduced into the anterior cranial fossa 
with disastrous consequences.

 26. Numbness of the lower lip usually accompanies what type of mandibular fracture?
The inferior alveolar nerve enters the mandible in the upper ramus and travels through the angle region and the body 
of the mandible until it reaches the mental foramen opposite the first bicuspid tooth. It then exits the jaw and travels in 
the soft tissue. Therefore fractures of the angle and body region may produce numbness by displacement of fragments 
impinging on and/or transecting the nerve. The presence of numbness should prompt a thorough examination for 
mandibular fracture. Generally, such fractures are accompanied by malocclusion and bleeding from a tooth socket.
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 27. Acutely, orbital floor fractures present with what symptoms? What criteria should be 
used to establish the need for operative reduction?
Orbital fractures generally present with numbness in the distribution of the infraorbital nerve, double vision, periorbital 
and subconjunctival hematoma, and perhaps a visual acuity deficit. The visual acuity deficit is not specific to the orbital 
fracture but implies damage to the globe or the optic nerve. Generally, orbital fractures present with exophthalmus 
due to swelling. Exophthalmus is present within 1 to 3 weeks if the orbital cavity is significantly enlarged and appears 
as the swelling resolves. Orbital volume enlargement of more than 5% to 10% justifies open reduction. Generally, 
orbital fractures are accompanied by diplopia when the patient looks upward or downward. Diplopia in downgaze is 
quite disabling and most commonly is due to muscular contusion. Diplopia due to interference with the excursion of 
the extraocular muscle system, either by entrapment of fat that is tethered to the muscles by fine ligaments or, less 
commonly, by entrapment of the muscle itself, should be treated with operative intervention. Diplopia due to muscle 
contusion usually improves significantly without operative intervention.

 28. A young boy is watching a football game in a grandstand when he is pushed forward 
and falls several rows, breaking his nose. He is bleeding profusely from his nose, 
says he blacked out for a brief period, and has pain when he turns his head side to 
side. What is the most important examination to do first?
The first examination should be flexion/extension views of the neck. Injuries to the face present a geographic injury to 
the head and neck region. The patient actually was briefly unconscious, justifying a CT scan of the head. He also was 
complaining of neck pain. Flexion/extension views should be performed to rule out a cervical spine fracture, and these 
are the most important because now he is conscious. A directed physical examination is also important. These head and 
neck examinations exclude more life-threatening injuries and take priority over simple nasal bone assessment.

 29. In secondary facial reconstruction, is one most likely to have difficulty with bone 
repositioning, soft tissue repositioning, or retained plates?
Facial injuries involve both bone and soft tissue. The soft tissue heals with a pattern of internal scarring that sometimes 
is difficult to reduce or oppose. Although the bone can be more easily repositioned, the soft tissue is thick, inflexible, and 
less conforming. The bone injury is classically more reversible than is the soft tissue injury.

 30. Following bone grafting, what “take” of a bone graft is generally expected?
Generally, 30% to 70%. Bone graft take depends on the host bed, the donor site of the bone graft, and fixation. Rib grafts 
have the least persistence, probably due to their open structure, which is less compact than bone grafts of the iliac or 
calvarial region. Calvarial bone grafts have the densest structure and so are resorbed less following bone graft transfer. 
Depending on these factors the “take” of a bone graft is generally 30% to 70% and conceptually can be improved by 
rigid fixation of the bone graft. Rarely, complete take or complete absorption of a bone graft is seen.

 31. What is the most frequent reason for failure of alloplastic cranioplasty in the skull?
Alloplastic cranioplasty generally fails because of poor skin cover with secondary exposure or, most commonly, 
performance next to damaged sinuses with secondary infection. Conceptually, the sinus should be eliminated or 
obliterated with bone graft prior to cranioplasty. All intranasal or middle ear disease should be eliminated prior to the 
cranioplasty. Any thin areas in skin cover should be remedied prior to the performance of a cranioplasty.

 32. What is the best material for frontal sinus obliteration?
Bone. Obliteration of a sinus cavity with bone is based on the ability to revascularize a portion of the grafted material, 
forming a vascularized seal between the nose and the intracranial cavity or frontal sinus. Therefore material that can be 
revascularized (rather than alloplastic material) is conceptually the best material to use in this situation. Alloplastic 
materials, including methylmethacrylate, porous polyethylene, and plaster of Paris, exposed to the nasal cavity have 
a high incidence of secondary infection.

 33. Osteomyelitis is common after frontal sinus repair. True or false?
False. Approximately 10% of frontal sinus repairs are complicated by infection, which can be either low grade or more 
troublesome. Osteitis is infection in devascularized bone and is by far the most common bone infection. Osteomyelitis is 
infection in living bone and is unusual after frontal sinus infection, as is the complication of meningitis.

 34. Supraorbital fractures usually displace the eye in which direction?
Supraorbital bone fractures are generally displaced downward and backward, which displaces the globe forward and 
downward. In reconstruction one must be careful to reconstruct the “double curve” of the orbital roof, which connects 
to the supraorbital rim. This allows space for the globe to sit comfortably in the orbit. Occasionally a supraorbital 
fracture will be displaced severely enough that the globe is displaced forward to such an extent that the lids cannot 
close. In this situation, the lids must be sutured shut over the globe to protect it, or an acute open reduction should be 
performed.
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 35. In many nasoethmoidal fractures, the medial canthal ligament may be left attached 
to what structure during reduction?
The frontal process of the maxilla. In many nasoethmoidal fractures in which the medial canthal ligament is not avulsed 
from the bone (which includes the majority of fractures) or transected by a laceration, the bone forming the frontal 
process of the maxilla to which the medial canthal ligament is attached can be used as a single soft tissue–bone 
unit in reconstruction. This bone piece can be repositioned, which simultaneously repositions the canthal ligament. 
Bone fixation without detaching the ligament saves an important and more difficult step in reconstruction, which is 
reconstructive of the canthal ligament separately.

 36. A Stranc plane II nasal fracture would be expected to require what type of 
reconstruction?
Stranc plane II nasal fractures are displaced posteriorly and typically require dorsal augmentation. There is overlapping 
of the septal fragments, depression of the bone, and cartilaginous support of the nose posteriorly decreasing the height 
of the nose. When the loss of height is sufficient, regaining this height by any open reduction maneuver is difficult. 
Therefore dorsal and caudal bone and cartilage grafting may be required. If nasal packing is used for support, the 
support either is insufficient or disappears with removal of the nasal packing. The skin contracts, shortening the skin 
envelope and making secondary volume augmentation of the nosed skeleton more challenging. Therefore the best 
treatment is immediate correction by augmentation of the skeletal volume of the nose, both dorsally and caudally.

 37. The majority of zygomatic fractures require what type of surgical approach?
The majority of zygomatic fractures require a limited open reduction. Approximately 20% of zygomatic fractures are so 
minimally displaced that perception of significant deformity is difficult. Therefore these zygomatic fractures do not need 
a reduction. Approximately 10% of zygomatic fractures are so comminuted or posteriorly displaced that they benefit from 
a coronal incision to expose the posterior attachments of the zygoma and the zygomatic arch. The majority of zygomatic 
fractures can be managed by anterior approaches alone, which include an approach to the zygomaticofrontal suture, 
the inferior orbital rim and the internal orbit, and the gingivobuccal sulcus. Many zygomatic fractures in this group can 
be approached with a gingivobuccal sulcus approach alone, simply reducing the medial displacement of the zygoma. 
Placing an endoscope in the maxillary sinus, one can then ballot the globe and visualize any area of floor dehiscence 
and determine whether this is significant enough to have an open reduction through one of the lower eyelid incisions. 
Fractures that are not displaced at the zygomaticofrontal suture do not require an approach at this area. Commonly, 
zygomatic fractures benefit from a limited open reduction with anterior approaches alone in the sequence described.

 38. In a patient with 6 mm of enophthalmos, 20/20 vision, and diplopia looking upward, 
will correction of the enophthalmos correct the diplopia?
Not likely. Enophthalmos with double vision implies an injury that displaces the globe and impairs movement of the 
extraocular muscle system. Commonly the diplopia is due to scarring in the extraocular muscles and less commonly to 
displacement of the globe itself. Following repositioning of the eye, the double vision can be the same, worse, or better. 
The double vision tends to be better or worse in approximately 10% of cases, respectively. The average patient will 
not experience a significant change in double vision following repositioning of the globe. Therefore globe repositioning 
should be accomplished first because it may change the adjustment necessary for extraoccular muscle correction.

 39. A Le Fort fracture doesn’t exist if the maxilla is not mobile. True or false?
False. The majority of Le Fort fractures are diagnosed by mobility of the maxilla. However, the maxilla may not be mobile 
under two conditions: the impacted fracture and the “greenstick” or incomplete fracture where the fracture is immobile 
because it is not complete. The majority of greenstick fractures are high (Le Fort II or III) with a small displacement—a 
fraction of a cusp. Impacted fractures are driven and wedged into adjacent bones, and they must be operatively released 
or completed in order to accomplish osteotomy for reduction. Malocclusion is the only symptom common to all Le Fort 
fractures because mobility sometimes cannot be detected.

 40. Rigid fixation of a Le Fort fracture allows the patient to return to a regular diet 
following the operation. The rigid fixation makes it unnecessary to observe the 
occlusion. True or false?
False. Rigid fixation provides important stability to maxillary and mandibular fractures. However, depending on the 
comminution of the fracture and its extent, midface fractures can even “drift” following the application of rigid fixation. 
Therefore one should observe the occlusion in patients released from intermaxillary fixation on at least a weekly basis 
to detect any malposition by confirmation of correct occlusion. Also, many fracture reductions, such as open reduction of 
subcondylar fractures, are not stable to a regular diet and require a soft diet until healing has occurred.

 41. How should split palate fractures be treated?
Fractures of the palatal vault and alveolus of the maxilla render more common maxillary fractures less stable and occur 
in approximately 10% of patient with maxillary fractures. They often require treatment by an orthodontist after healing 



281crAniofAciAl surgerY ii—trAumAtic

to achieve a fine adjustment of the occlusion. Although classically treated with a splint, now they are stabilized by rigid 
fixation in the palatal vault and at the piriform aperture in combination with intermaxillary fixation. Because they provide 
a reduction that keys the occlusion, they should be stabilized first before application of intermaxillary fixation. Although 
classically treated with a splint, now large-fragment palatoalveolar fractures are more easily treated by open reduction 
and internal fixation.

 42. In a subcondylar mandibular fracture that has healed following closed reduction with 
a shortened ramus height but has good condylar motion, how should a premature 
contact in the molar dentition and an anterior openbite be managed?
A condylar fracture that has healed following closed reduction with a minimal early posterior molar contact and a 
contralateral anterior openbite can be managed by occlusal grinding of the ipsilateral posterior maxillary teeth. A dental 
splint would be of no use in the secondary rehabilitation of this injury. If the condylar motion is good, the best procedure 
for restoring good occlusion would be a sagittal splint osteotomy lengthening the ramus while avoiding any secondary 
injury to the area of the joint. If the joint motion is not good or an ankylosis is present, a costochondral graft can be used 
to restore the ramus height and improve limited motion of the joint.

 43. What is the optimal treatment of a comminuted parasymphysis fracture?
In comminuted fractures of the symphysis and parasymphysis region, the geniohyoid muscles often displace some 
of the inferior border fragments posteriorly. These should be retrieved and restored to provide good bony volume. 
Generally, the smaller fragments are attached to the larger fragments, and then the larger fragments are spanned with 
a plate that is long and strong enough to hold the angles inward and reform the mandibular arch. As the intermaxillary 
fixation is tightened, the lateral portions of the mandible tilt lingually, producing an “open bite” in the occlusion of the 
medial cusps of the molar dentition. The angles flare laterally. The reduction can be improved by placing pressure on the 
angles inward at the time when plate and screw fixation is applied to the anterior mandible. When the labial cortex of 
the mandible just begins to gap, the reduction of the lingual cortex is correct. A longer plate with the strength to hold the 
angles in is necessary. There is no place for discarding loose bone fragments. Even if a laceration is present, one can 
seldom extend it enough to provide enough exposure intraorally to place a longer plate on these fractures.

 44. In a close-range, self-inflicted shotgun wound of the central midface and mandible, 
what is the most appropriate approach to managing the resultant complex injuries?
Immediate stabilization of existing bone and soft tissue in anatomic position is the critical first step in approaching such 
injuries. In avulsive gunshot or shotgun wounds, the areas of soft tissue and bone loss and the areas of soft tissue and bone 
injury should separately be identified. In the area of soft tissue injury and bone injury, an acute open reduction stabilizing 
the existing bone is performed as it would be for classic facial injuries. In the area of soft tissue loss, bone gaps should be 
stabilized to length by rigid fixation. The existing soft tissue is closed as much as possible. The patient then is returned to 
the operating room every 48 hours for “serial second look” procedures to address any hematoma or further evolution of 
devitalized tissue. Once no further soft tissue loss is seen, reconstruction of the soft tissue defect and the bone defect can 
be accomplished. A composite flap and/or separate bone and soft tissue reconstruction are required for definitive treatment.

Stabilizing the bone volume to length prevents soft tissue contracture. Closing the soft tissue is an important step in 
keeping the soft tissue to length following loss of underlying bone. One of the most important defects to correct is lining, 
especially in the mandibular or midface areas where bone cannot be expected to survive if significant amounts of it are 
exposed to sinus cavities or the intraoral area.
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Radiologic Examination of thE 
cRaniofacial SkElEton

 1. When should x-rays be obtained for patients with suspected nasal fractures?
For patients who have sustained nasal trauma, emergency room physicians routinely order plain x-rays. Lateral films are 
most helpful at showing dorsal fractures, and anteroposterior (AP) views are best at revealing displacement of the nasal 
pyramid and deviation of the perpendicular plate of the ethmoid. As the force of injury increases, computed tomographic (CT) 
scan evaluation becomes more important for assessing associated fractures, especially when nasoorbitoethmoidal fractures 
are suspected. However, in terms of clinical decision-making, most isolated nasal fractures do not require any x-rays. The 
decision to reduce, or repair, any nasal fracture is based on clinical examination. If there is no change in appearance and 
there are no septal hematomas or posttraumatic deviation, then no treatment is necessary. If the nasal appearance has 
been significantly changed by a traumatic event resulting in significant displacement, then treatment is indicated.

 2. What is the best way to evaluate the orbit for potential fractures?
Blunt trauma to the orbit can produce fractures of the roof, walls, or floor, which are not clinically evident. The most 
sensitive tool in the diagnosis of orbital fractures is the CT scan. Axial CT cuts are helpful in diagnosing medial 
and lateral orbital fractures, coronal CT cuts are best for evaluating orbital roof and floor fractures, and sagittal CT 
reconstructions can be helpful in assessing muscular entrapment of the inferior rectus (Fig. 42-1).

 3. Is there a role for plain x-rays in facial trauma?
Plain x-rays are often obtained in the evaluation of facial trauma; however, the CT scan provides the greatest sensitivity 
for assessing fractures. One of the few indications for obtaining plain x-rays in trauma is to determine the presence and 
location of foreign bodies. Otherwise, plain films offer little in comparison with CT scans, aside from the reduced costs 
and radiation exposure.

 4. What is the best way to diagnose single sutural craniosynostosis?
The diagnosis of craniosynostosis can be made on plain x-rays by looking for sclerosis along a suture or by obvious 
absence of the suture. With fusion of one or both coronal sutures, subsequent inhibited growth of the superior lateral 
orbital rim and sphenoid wing produces the “harlequin orbital deformity.” However, plain x-rays are not always reliable, 
and false positives can occur. For this reason, CT scans are considered the radiologic examination of choice. Many 
centers also rely on three-dimensional reconstructions (Fig. 42-2).

Of all the various CT views, maximum intensity projection (MIP) reconstructions are most accurate at assessing sutural 
patency. However, most craniofacial surgeons can accurately diagnose single sutural synostosis solely on the basis of a 
clinical examination, with reported accuracy of 98% (Fig. 42-3).

A B

Figure 42-1. Orbital floor blowout fracture seen on coronal computed tomographic images. A, Left orbital floor fracture 
with soft tissue herniation. B, Right orbital floor fracture with a trapdoor deformity.
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 5. What is the best examination to evaluate a child with positional plagiocephaly?
The diagnosis of positional plagiocephaly almost always can be made on physical examination. Children with posterior 
positional plagiocephaly present with a parallelogram deformity, with the ear and sometimes the forehead shifted 
forward on the affected side. In contrast, infants with a lambdoid synostosis present on the affected side with a shorter 
AP skull length, a low mastoid bulge, and a lower posterior skull height. Often, plain x-rays taken to assess positional 
plagiocephaly may result in false positives, secondary to the frequent presence of perilambdoid sclerosis. Unlike the 
sclerosis seen in conjunction with craniosynostosis, the sclerosis seen with positional plagiocephaly may be the result 
of an indented or overlapped open suture, which can also produce the appearance of sclerosis. Therefore for patients in 
whom the diagnosis of positional plagiocephaly is not clinically certain, a CT scan should be ordered.

 6. What is the best way to determine ideal cranial bone graft harvest sites?
The ideal locations for harvesting cranial bone grafts usually are the parietal bones, especially the posterior regions. The 
best way to assess the thickness of the diploic space is evaluation of the coronal sections of a CT scan.

A B

Figure 42-2. “Harlequin orbital deformity,” diagnostic of right unicoronal synostosis, seen on plain film (A) and 
three-dimensional computed tomographic scan (B).

Figure 42-3. Unilambdoidal synostosis appreciated 
using maximum intensity projection computed 
tomographic reconstruction.
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 7. In determining increased intracranial pressure, how reliable is a copper-beaten skull 
appearance, or Lückenschädel?
Increased intracranial pressure cannot be assessed radiologically. The presence of a copper-beaten skull is not 
necessarily indicative of raised intracranial pressure. Neuroradiologists use a number of subtle signs in assessing 
increased pressure, but many of these signs require comparison films. For example, any decrease in the size of the 
lateral and/or third ventricles may indicate raised pressure. Also, loss of extra-axial cerebrospinal fluid may indicate 
increased pressure. Sometimes the diameter of the optic nerves increase with raised pressure. Thinning or scalloping 
of the skull may indicate raised pressure, but this finding is not diagnostic. Other more subtle signs may include the 
development of cerebellar tonsillar herniation and a raised ridge of bone around an open fontanelle.

 8. For infants and children with one of the craniofacial dysostoses (e.g., Apert 
syndrome, Crouzon syndrome, Pfeiffer syndrome), what radiologic studies need to 
be performed?
A number of reasons are often cited for obtaining a CT scan in infants born with craniofacial dysostoses: to diagnose 
sutural fusion, assess the patency of the nasal passages, and evaluate the brain parenchyma. Of course, the primary 
reason for ordering any study is to determine the best treatment course. Yet, most often, treatment is not at all 
affected by these preliminary studies. For example, it is possible for experienced craniofacial surgeons to accurately 
diagnose sutural fusion based on physical examination, and for patients in whom the diagnosis is in question, it is 
best to delay the CT scan until just prior to considering surgical intervention. This may be helpful because some 
sutural fusions are not as obvious right after birth and can take months to become more radiologically distinct. 
The patency of the nasal passages may be affected in the craniofacial dysostoses. Although it can be debated that 
the nares never require targeted operative intervention, even surgeons who attempt to surgically open the nares 
will agree that it is best to wait until the child is older. In my experience, treating the congenitally narrowed nasal 
passages never significantly alters the airway. In the first few months of life, the only condition that cannot be easily 
diagnosed clinically is hydrocephalus. However, because the ventricles are enlarged in the craniofacial dysostoses, 
pediatric neurosurgeons must rely on other criteria to determine the need for shunting (e.g., sudden increase in 
the percentile ranking of head circumference). Ultrasound has been shown to be an effective screening tool for 
hydrocephalus, especially during the perinatal period. With growth, especially for children with Crouzon and Pfeiffer 
syndromes, it is important to monitor children for the development of acquired cerebellar tonsillar herniation. These 
Chiari malformations are best diagnosed by magnetic resonance imaging (MRI) scan. At our center in Dallas, children 
with craniofacial dysostosis (e.g., Apert syndrome, Crouzon syndrome, Pfeiffer syndrome) as well as many of the 
complex craniosynostoses undergo yearly MRI evaluations. Serial MRI scans also can provide information that may 
suggest the presence of elevated intracranial pressure, such as reduced extra-axial fluid, reduction in ventricular 
size, along with the development of a Chiari malformation.

 9. Are there any risks of performing a CT scan in infants and small children?
Based on a number of studies, which have sought to ascertain the risks of tumor induction and cognitive delays 
following ionizing radiation associated with CT scans in children, the National Cancer Institute (NCI) has recommended 
that guidelines for scanning be used in children, based on size and weight parameters. The NCI also has recommended 
that the region scanned be limited to the smallest necessary area, the lowest resolution scans needed for diagnosis be 
used, and other imaging modalities be considered.

 10. Aside from CT scans, are there any other ways to assess sutural patency?
There have been a few reports of assessing sutural patency by ultrasound. The sensitivity and specificity of this modality 
have yet to be determined, and the accuracy of the technique appears to be highly dependent on operator experience.

 11. What studies need to be obtained prior to orthognathic surgery?
AP and lateral cephalograms provide useful information for orthognathic surgical planning. The lateral cephalogram 
is used to establish the forward projection of the nasion, subnasale, and gonion, which establishes the relationship of 
different horizontal facial levels to the skull base. Dental relationships can be visualized on the lateral cephalogram, 
revealing the tilt of the occlusal plane. The AP cephalogram helps to establish the relationship of the horizontal occlusal 
plane to the skull base, which is especially important in treating hemifacial microsomia (HFM). In HFM, the horizontal 
occlusal plane is higher on the affected side, secondary to an ipsilateral vertical maxillary hypoplasia. Measurements 
of this discrepancy in vertical heights can be determined on the AP cephalogram. On the x-ray film, a horizontal line 
is established at the level of the orbital roofs, and a second line is drawn across the floor of the nose, which parallels 
the horizontal occlusal plane. Two vertical measurements are then taken laterally over the right and left molars, which 
are used to calculate the discrepancy in heights between the affected and the unaffected sides. Once the vertical 
difference has been determined, one can predict the needed lengthening of the affected side (and/or shortening on the 
unaffected side) to achieve a horizontal occlusion and a balanced facial appearance. Although cephalograms are taken 
with standardized equipment and magnification, intrinsic errors are introduced with these views, which diminishes their 
accuracy somewhat.
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 12. Is it necessary to obtain an x-ray prior to performing a genioplasty?
Some surgeons order a Panorex of the mandible prior to performing a sliding genioplasty. This is done to visualize the 
position of the bony canal through which the inferior alveolar nerves travels, in relation to the inferior margin of the 
mandible. This canal may course inferior to the mental foramen. Knowledge of the anatomic variations of this canal 
eliminates the need for a Panorex. The lateral cephalogram allows the surgeon to calculate the vector and amount 
of movement of the chin relative to standardized values. However, most experienced surgeons are able to develop a 
surgical plan based solely on the physical examination.
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Pediatric Facial Fractures

 1. What is the most common type of pediatric facial fracture?
Many studies report that mandible fractures are the most common pediatric facial fracture. These are followed by 
nasal fractures, zygoma fractures, orbital fractures, and skull fractures. Midface fractures are rare because of the lack 
of maxillary sinus development, the immaturity of bone with an increased cancellous to cortical bone ration, and the 
presence of tooth buds in the maxilla, which cushion the impact. However, the studies likely are flawed secondary to 
bias in gathering and reporting the data.

 2. What are the growth patterns of the pediatric craniofacial skeleton?
 • Facial dimension

 • Newborn: 40% adult
 • 4 years: 70% adult
 • 5 years: 80% adult
 • 17 years: 95% adult

 • Orbit: Adult size at 6 to 8 years of age
 • Maxilla: Adult size at 12 years of age
 • Mandible

 • Boys: Adult size at 17 to 19 years of age
 • Girls: Adult size at 16 to 18 years of age

 3. Where are the growth centers of the pediatric craniofacial skeleton?
 • Cranium: Cranial sutures
 • Upper face: Orbits
 • Midface: Sphenoethmoidonasal region, vomeropremaxillary region, pterygopalatomaxillary region
 • Lower face: Mandibular condyles

 4. What is the sequence of frontal and maxillary sinus pneumatization?
 • Frontal sinus: Starts at 6 years and completed at 20 years of age
 • Maxillary sinus: Starts at 5 years and completed at 18 years of age

 5. What is the epidemiology of pediatric facial fractures?
Before age 6 years, facial fractures are rare due to the usual protective environment in which children live. The incidence 
increases between the ages of 6 and 12 years due to independent play and sports. Mechanisms of injury of pediatric 
facial fractures include motor vehicle accidents (50%–70%), falls (10%–20%), sports (5%–15%), and physical 
violence (1%–5%).

 6. What are the common pediatric facial fracture patterns?
Unlike adults, Le Fort fracture patterns are rare in the pediatric population. Rather, oblique craniofacial fracture patterns 
are more common (Fig. 43-1). Fractures typically run obliquely across the frontal bone, radiating into the cranial 
base, and across the orbit onto the maxilla. Mandibular involvement is less common. This pattern is due to the lack of 
developed facial buttresses.

 7. What are the advantages and disadvantages of open versus closed treatment of 
pediatric facial fractures?
Although open reduction internal fixation (ORIF) is avoided whenever possible in young children, the advantages 
of open treatment include better reduction and more stable internal fixation. However, the disadvantages of ORIF 
include periosteal dissection that may lead to growth disturbances. The advantages of closed treatment include 
less periosteal stripping and scarring that may have less growth disturbances; however, the disadvantages to 
closed treatment include the possible need for external fixation, such as maxillomandibular fixation, in a pediatric 
population.
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 8. Should absorbable or metallic fixation be used when treating pediatric 
facial fractures?
Although metallic fixation materials have proven to be stable and easy to use, their effects on the growing pediatric 
facial skeleton can be detrimental. Metallic fixation usually should be removed after adequate healing in the growing 
craniofacial skeleton. Absorbable plating systems often are more challenging to use and have a greater profile. Although 
commonly used in the upper face and skull, they have not completely been proven to provide rigid fixation in mandible 
fractures. However, there is no need for secondary removal.

 9. How do you diagnose pediatric facial fractures?
A high index of suspicion must be maintained when examining a pediatric patient with multiorgan trauma. Obtaining an 
adequate history, complaint, or physical examination often is not possible. A physical examination must be performed, 
even if the examination is performed under anesthesia. In addition, formal ophthalmologic, neurosurgical, and 
radiographic evaluations often are warranted.

 10. What radiographic studies should be obtained in pediatric patients with facial fractures?
The single most informative radiographic study in pediatric patients suspected of having facial fractures is the fine-cut 
facial computed tomographic scan with three-dimensional reconstructions whenever possible. Plain films have limited 
value in the diagnosis of pediatric facial fractures because they routinely underdiagnose pediatric facial fractures. Panorex 
film can be useful in diagnosing dental and jaw anomalies in patients old enough to cooperate for the examination.

 11. How common are pediatric frontal sinus fractures?
Pediatric frontal sinus fractures are uncommon due to the lack of aeration of the sinus. Most forehead fractures in 
children are skull fractures and should be managed as such (Fig. 43-2).

 12. What is a “growing skull fracture”?
Growing skull fractures are skull and skull base/orbital fractures that are associated with a defect in the dura. When 
these fractures are present, the pulsations of the brain actually push the fractures further apart, resulting in an enlarging 
and nonhealing fracture. In the growing child, fractures of the skull, skull base, and orbital roof should be followed 
carefully for complete healing. When a growing skull fracture is diagnosed, a transcranial procedure with repair of the 
herniated intracranial contents and bony reconstruction is required (Fig. 43-3).

 13. What are the principles of treating pediatric orbital fractures?
The goal of treating pediatric orbital fractures is to prevent diplopia and appearance-related deformities (enophthalmos, 
orbital dystopia). In the absence of acute enophthalmos, orbital dystopia, and reportable diplopia, a conservative 
approach is taken despite the size of the bony defect. Unlike adults, rather large bony defects in children will remain 
asymptomatic and require no surgical intervention. Close follow-up is important to ensure that healing is complete and 
detrimental findings do not occur over time.

 14. How do you treat pediatric nasal fractures?
In the pediatric population, early attempts should be made to reduce nasal fractures in a closed fashion. This may be 
followed by 10 to 14 days of external splinting. For younger children, this is most easily accomplished in the operating 
room rather than in the emergency department. Despite the adult literature citing a high frequency of revision surgery 

Figure 43-1. Pediatric oblique craniofacial fracture patterns. (From Bartlet S: Pediatric facial fracture patterns. In Bentz M [ed]: Pediatric 
Plastic Surgery. Stamford, CT, Appleton & Lange, 1998, p 474, with permission.)
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following closed reduction of nasal fractures, it should be attempted in the pediatric population. This is because major 
reconstructive nasal surgery often is deferred until growth is complete around puberty, and the correction obtained with 
closed reduction often is beneficial.

 15. How do you treat pediatric mandible fractures?
Most pediatric mandible fractures can be treated with closed reduction and a short course of external fixation by 
mandibulomaxillary fixation. Open treatment of pediatric mandible fractures is problematic because of the need for periosteal 
stripping, the injury to developing tooth follicles with internal fixation, and the need for secondary removal of metallic 
hardware. When condyle head and neck fractures are found in association with other mandibular fractures, the other 
fractures can be treated with ORIF, so condylar head fractures can be managed with range-of-motion physical therapy.

A B

C

Figure 43-2. A, Coronal computed tomographic scan of forehead 
trauma and frontal bone fracture. B, Intraoperative image of comminuted 
frontal bone fracture. C, Intraoperative image of the reconstructed 
frontal skull, reassembled with absorbable plates and screws.

A B

Figure 43-3. A, Posttraumatic 
axial computed tomographic (CT) 
scan of left frontal bone and superior 
orbital fracture. B, Axial CT scan of 
left frontal bone and superior orbital 
growing skull fracture, several 
months after injury.
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Figure 43-5. Coronal computed 
tomographic scan of right-sided 
orbital trapdoor fracture with 
entrapped inferior rectus muscle.

 16. What are some issues surrounding maxillomandibular fixation in pediatric patients?
Although use of arch bars is possible in most children with teeth, arch bars in those with primary dentition can be 
difficult and may risk tooth extraction. Circummandibular wiring with piriform rim drop wires can be exceedingly helpful 
in providing stable postoperative fixation for the child requiring maxillomandibular fixation (Fig. 43-4). Maxillomandibular 
fixation is needed for a shorter duration in pediatric facial fractures because these fractures routinely heal in a fraction 
of the time required for adult fractures to heal. For some minimally displaced or nondisplaced mandibular fractures, jaw 
immobilization with a C-collar or Barton-type bandage may be adequate.

 17. What pediatric facial fracture is considered a true surgical emergency?
The pediatric orbital floor trapdoor fracture, with entrapped extraocular muscle, is considered a true surgical emergency. 
All pediatric patients with orbital fractures ideally should be evaluated by an ophthalmologist, and when entrapment 
of muscle is diagnosed by physical examination and CT scan (Fig. 43-5), the child should be immediately brought to 
the operating room for release of the muscle and bony reconstruction when necessary. This is necessary because the 
extraocular muscles are acutely sensitive to hypoxia, and permanent diplopia resulting from ischemic injury is possible.

Figure 43-4. Intermaxillary 
fixation achieved with piriform 
suspension drop wires and 
mandibular wires placed through 
the inferior border.
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 18. What is the concern for associated injuries in patients with pediatric 
craniofacial fractures?
Studies have shown that children with facial fractures suffer from significant associated injuries at a much greater 
incidence than adults. For this reason, CT scans of the head (and often chest and abdomen) are required, and a 
complete evaluation by pediatric trained emergency personnel must be performed.

 19. What are the effects of pediatric facial fractures on facial growth?
Craniofacial growth in children following facial fractures is unpredictable. The disturbances of growth most likely occur 
from several factors, including injury to craniofacial growth centers, the fracture itself, open approaches to treatment, or 
treatment with internal fixation.

 20. What is the follow-up for pediatric facial fracture patients?
Follow-up for the pediatric facial fracture patient ideally should extend beyond the acute phase of treatment and until 
skeletal growth is complete. Once adequate healing has been assured, a minimum of annual visits to the surgeon is 
ideal. Optimal assessment includes annual craniofacial examinations, complete photography, cephalograms, Panorex 
films, and assessment by a craniofacial orthodontist and ophthalmologist. This evaluation serves to document any 
growth disturbances. Those who participate in the care of pediatric facial fracture patients should track patient growth 
and development until skeletal maturity has been reached.
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 1. What are the most common causes of frontal sinus injury?
The great majority of injuries (60%–80%) result from automobile accidents. Assaults run a distant second 
(approximately 20%–30%), and the rest are due to falls from a height.

 2. How common are fractures of the lower frontal bone compared with other 
facial bones?
Although fractures occur at the sutures between the frontal and zygomatic bones in the malar complex fracture, 
fractures of the lower frontal bone are much less common (5%–15% of all maxillofacial injuries). This portion of the 
frontal bone represents the anterior table of the frontal sinus and is extremely thick. The forces required to fracture this 
bone are two to three times greater than the forces needed to fracture the zygoma, maxilla, or mandible. Such fractures 
typically occur with a direct blow to the glabella region or supraorbital rims. Most glabellar fractures involve the frontal 
sinuses.

 3. Is frontal sinus injury typically associated with other maxillofacial injuries?
Yes. Because of the great energy required to fracture this portion of the frontal bone, other significant maxillofacial 
injuries are the rule, not the exception. Frontal sinus fractures are most frequently associated with nasoorbitoethmoidal 
fractures.

 4. Is frontal sinus injury typically associated with other bodily injuries?
Yes. In one large series of patients who suffered frontal sinus injury, approximately 75% had other bodily injuries,  
50% presented in shock, and 25% died within the first 2 weeks of presentation to the hospital.

 5. Who is at a much higher risk for involvement of the frontal sinuses in craniofacial 
fractures: children or adults?
Adults. The frontal sinus starts as merely an ethmoidal anlage at birth and begins pneumatic expansion at age 7 years; 
development is complete by 18 to 20 years. The remnants of this embryonic connection between sinuses are the 
nasofrontal ducts, a bilateral structure that drains the frontal sinus from its posteromedial aspect, through the ethmoidal 
air cells and out to the nasal cavity, usually at the middle meatus (below the middle turbinate).

Thus, before pneumatization, children are not susceptible to frontal sinus fractures. However, although rare, 
underpneumatized pediatric frontal sinus fractures are more commonly associated with major intracranial injury  
(55%–65%) because force is more efficiently transferred to the cranial base and internal structures.

 6. What are the initial signs of frontal sinus fracture?
Any blow to the forehead causing lacerations, contusions, or hematoma heralds a possible injury of the frontal sinus. 
Such findings associated with cerebrospinal rhinorrhea or palpable bony depression of the brow evoke strong suspicion 
of frontal sinus involvement. (Caution: A visible or palpable depression is not always appreciated in the initial days after 
injury because of swelling or hematoma.) Supraorbital anesthesia, subconjunctival hematoma, and subcutaneous air 
crepitus are other associated findings. A great majority of people presenting with frontal sinus fractures have associated 
eye injuries. Initial signs of fracture may range from minimal to none; complications may develop years later due to lack 
of treatment.

 7. What radiographic modality best detects and delineates the presence and extent of 
frontal sinus fractures?
Historically, plain radiographs detected large and often displaced fractures, but small defects commonly went 
undetected. The Waters view of the skull shows a well-developed frontal sinus with its scalloped superior border but 
does not demonstrate significant detail. Consequently, computed tomographic (CT) scan has become the standard for 
evaluation of craniofacial trauma and is most sensitive in determining frontal sinus fractures. Small, minimally displaced 
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fractures of the floor, septum, or anterior or posterior tables are easily seen (Fig. 44-1). Unfortunately, direct visualization 
of the ducts and assessment of possible injury to the ducts are inconsistent, even with high-resolution and  
three-dimensional reformatted CT imaging.

 8. What are the anatomic boundaries of the frontal sinus?
The frontal sinus typically is a bilateral, air-filled cavity that is triangular in cross-section. A thick anterior table provides 
the contour of the glabella, brow, and lower forehead. A thin posterior table separates the air space from the frontal 
lobes in the anterior cranial fossa. The floor of the sinus overlies the ethmoidal air cells anteromedially and the orbits 
posterolaterally. The extent of the lateral and superior margins is variable. The supraorbital rims demarcate the lower 
anterior border.

 9. What are the foramina of Breschet?
These foramina are sites of intracranial venous drainage with mucosal invaginations that can serve as a route of 
intracranial infection or mucocele formation.

 10. What complications are associated with frontal sinus fractures? What  
causes them?
Most of the complications associated with frontal sinus injury are secondary to obstruction of the nasofrontal 
duct, entrapment of mucosa in the fracture lines, or dural tears (Fig. 44-2). Early complications include epistaxis, 
cerebrospinal fluid leakage, meningitis, and intracranial hematomas. Complications occurring within weeks are sinusitis, 
mucoceles, and meningitis. Later complications (up to many years) include osteomyelitis, mucopyoceles, intracranial 
abscesses, and orbital abscesses.

 11. What is the function of the frontal sinuses?
Although the function of the paranasal sinuses is conjectural, it is certain that the frontal sinuses serve as a mechanical 
barrier to protect the brain. The frontal sinuses are air-filled compressible cavities that absorb impact energy that 
otherwise would be imparted to brain parenchyma. The paranasal sinuses are lined with columnar epithelium replete 
with cilia and mucus-secreting glands that drain through the nasofrontal ducts and are in continuity with the upper 
respiratory tract.

 12. Are frontal sinus fractures a surgical emergency?
Fractures of the frontal sinuses are not a surgical emergency unless other associated ophthalmologic or neurologic 
injuries require emergent surgery. Patients with suspected frontal sinus fracture should be placed on a broad-spectrum 
intravenous antibiotic as soon as possible to prevent early infectious sequelae.

 13. How can frontal sinus fractures be classified?
Isolated posterior table fractures are rare. Involvement of anterior and posterior tables invariably leads to frontonasal 
duct injury, as do concomitant nasoethmoidal complex and medial orbital rim fracture patterns (Fig. 44-3).

A

B C

Figure 44-1. A, Waters view plain 
radiograph of the skull showing 
a normal, well-developed frontal 
sinus. B, Computed tomographic 
(CT) scan of the head showing a 
displaced fracture of the anterior 
table of the frontal sinus. C, CT 
scan of the head showing displaced 
fracture of both anterior and 
posterior tables of the frontal sinus. 
Note the small pneumocephaly 
behind the posterior table of the 
right frontal sinus. (From Rohrich RJ, 
Hollier LH: Management of frontal 
sinus fractures: Changing concepts. 
Clin Plast Surg 19:219–232, 1992, 
with permission.)
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Epidural
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Frontal sinus

Straight sinus

Cortical vessels

Figure 44-2. Midsagittal section 
through the frontal sinus depicting 
possible routes for spread of 
infection. (From Mohr RM, Nelson 
LR: Frontal sinus ablation for 
frontal osteomyelitis. Laryngoscope 
92:1006–1015, 1982, with 
permission.)

Type 1

Type 3

Type 5

Type 2

Type 4

Figure 44-3. Frontal sinus fracture classification. (From Manolidis S: Frontal sinus injuries: Associated injuries and surgical management of 
93 patients. J Oral Maxillofac Surg 62:882–891, 2004; reprinted with permission.)
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CONTROVERSIES

 14. What are the indications for surgery?
The status of the anterior and posterior tables and the nasofrontal ducts dictates the need for surgery. Nondisplaced 
anterior table fractures can be safely observed. Displaced anterior table fractures may cause an overlying contour 
deformity and require surgical reconstruction. The indications for management of minimally or nondisplaced posterior 
table fractures remain controversial. Most clinical studies and animal models show that such fractures can be observed 
if there is no cerebrospinal fluid leak or suspicion of nasofrontal duct injury. Displaced posterior table fractures greater 
than one wall thick merit surgical exploration and reduction. Suspicion of nasofrontal duct involvement also dictates the 
need for exploration.

 15. What are the surgical approaches to exploration and repair of frontal  
sinus fractures?
Although exploration can be done in a preexisting wound or local incision, a coronal incision offers the greatest access 
to the whole frontal sinus as well as the ethmoidal, orbital, and intracranial regions and is the least conspicuous incision. 
Exploration and reduction of anterior table fractures alone usually can be performed through an osteoplastic bone flap, 
which is created by unroofing the remaining anterior table while keeping it in continuity with its periosteum for complete 
access to the sinus. Posterior table fractures that are significantly displaced in the presence of cerebrospinal fluid 
rhinorrhea require a frontal craniotomy performed in conjunction with a neurosurgical team to assess and repair dural or 
parenchymal injuries.

 16. How does frontonasal duct injury impact the surgical treatment?
The diagnosis of frontonasal duct injury necessitates sinus obliteration. Sinus mucosa is removed and curettage 
performed to remove fragments from fracture lines and the foramina of Breschet. The duct is plugged, and the sinus 
is obliterated with autogenous fat, muscle, cartilage, bone, pericranium, alloplastic materials or allowed to undergo 
spontaneous osteoneogenesis. Complete and stable obliteration provides separation of the nasal cavity and anterior 
cranial fossa, thus preventing ascending infection or retrograde mucosal growth.

 17. What are the indications for cranialization?
Cranialization involves removal of the entire posterior wall of the frontal sinus and separation of the intracranial contents 
from the aerodigestive tract using a galeal frontalis flap allowing frontal lobe expansion. Severely comminuted posterior 
wall fractures with duct injury or CSF leaks and dural tears are indications for cranialization. Nondisplaced fractures with 
CSF leak can be observed for up to 10 days, but failed resolution warrants exploration.
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 1. The nose is composed of which five bones?
See Fig. 45-1.

1. Maxilla: Frontal process of the maxilla
2. Frontal bone: Nasal process of the frontal bone
3. Nasal bones
4. Vomer: Contributes to the septum
5. Ethmoid: Perpendicular plate of the ethmoid contributes to the septum

 2. What are the cartilaginous structures of the nose?
The cartilaginous framework of the nose consists of the nasal septal cartilage, the paired upper lateral and lower lateral 
cartilages, and the accessory nasal cartilages. The upper lateral cartilages are fused along the dorsal border of the 
septum to the midline and laterally to the bony margin of the maxillary processes (Fig. 45-2).

 3. Which structures contribute to the internal nasal valve?
The upper lateral cartilages form an angle of 10° to 15° with the anterior septal edge. This valve functions to maintain a 
patent nasal airway during respiration. Collapse of this anatomic valve will contribute to nasal airway obstruction.

 4. Numbness of the nasal tip after trauma results from injury to which nerve?
The external branch of the anterior ethmoidal nerve emerges between the nasal bone and the upper lateral nasal cartilage and 
supplies sensation to the skin of the lower dorsum and nasal tip after. The innervation of the nose consists of the following:

Trigeminal Nerve (Cranial Nerve V)

 • V1 (ophthalmic division)
 • Infratrochlear nerve: Skin of bridge and upper lateral area
 • Anterior ethmoidal nerve to internal and external nasal branches

Frontal bridge

Nasal bridge

Nasal bone

Anterior nasal
spine

Nasal septal
cartilageVomer

Ethmoid
perpendicular plate

Maxilla
   Palatine process

Figure 45-1. Structural anatomy of the nose—bones.

Nasal bone

Nasal bridge

Upper lateral cartilage

Lower lateral cartilage

Nasomaxillary process

Figure 45-2. Structural anatomy of the nose—cartilaginous 
structures.
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 • V2 (maxillary division)
 • Infraorbital nerve: Skin of lower lateral half
 • Nasopalatine nerve: Nasal septum and anterior hard palate

 5. Where do nasal bones most commonly fracture?
Fractures typically occur in the distal nasal bones. The bony skeletal framework is composed of the paired nasal bones and 
the ascending frontal processes of the maxilla. The joined nasal bones are thick cephalomedially but are extremely thin as 
they extend inferolaterally. The proximal bones are resistant to fracture, whereas the distal bones are most susceptible to 
fracture from direct frontal blows. Only high-velocity or severe force injuries cause the proximal bones to fracture.

 6. What is the role of radiographs in the diagnosis and treatment of nasal fractures?
Standard facial radiographs may not clearly demonstrate nasal fractures but are taken frequently in the emergency 
department setting. They serve as a physical record of a nasal fracture if visualized, but they do not replace the clinical 
findings or determine if surgical correction is necessary. Computed tomographic scans clearly image the nasal bony and 
cartilaginous structure and typically are done to determine the presence of any concomitant facial fractures. For isolated 
nasal trauma, a thorough physical examination will indicate if surgical intervention is necessary.

 7. What is the rhinion, and what is its role in nasal fractures?
The rhinion is the junction of the bony and cartilaginous nasal framework. The pyramidal structure of the nose consists 
of two nasal passages separated by the septum in the midline. The upper third of the nose is supported by the nasal 
bones, whereas the lower third of the nose is supported by the septum and paired lateral cartilages. The proximal 
portions of the upper lateral cartilages are overlapped by the caudal portion of the nasal bones, whereas the distal portions 
of the upper lateral cartilages lie under the cephalic border of the lower lateral cartilages. The septum is responsible for 
the major portion of the dorsal support. Fractures at the rhinion may dislocate the upper lateral cartilage attachment 
under paired nasal bones, creating a saddle deformity of the dorsum.

 8. A patient with severe nasal trauma resulting in comminution of the entire bony 
skeleton underwent repair 4 days after injury. He now complains of epiphora. 
What has caused this?
Obstruction of the nasolacrimal system results in epiphora (excessive teasing). The nasolacrimal sac is housed adjacent 
to the nasal bones, and drainage occurs into the inferior meatus. Severe nasal fractures can result in disruption of the 
drainage system.

 9. How is the medial interorbital distance affected by nasal fractures?
Severe nasal trauma resulting in comminution of the nasal bones may also involve the lacrimal bones, resulting in 
displacement of bone fragments to which the medial canthal ligaments are attached. This displacement in addition to 
loss of dorsal support of the nose manifests as traumatic telecanthus.

 10. Why is it critical to perform an intranasal examination for patients with nasal trauma?
The extent of septal injury must be determined. A septal hematoma must be diagnosed and treated urgently. A septal 
hematoma occurs when blood is trapped between the mucoperichondrium following nasal trauma with damage to the 
cartilaginous septum. Left untreated, the hematoma may fibrose to form a thickened area of septum and obstruct the 
nasal airway. If the hematoma results in excessive pressure on the cartilage, necrosis of the septum may occur and 
create a septal perforation. If a significant portion of the septum is destroyed, the support of the cartilaginous dorsum is 
reduced and typically results in a saddle deformity. Fractures of the septum should be reduced acutely to prevent late 
deformity.

 11. How are septal hematomas treated acutely?
An incision along the base or most inferior portion of the hematoma allows dependent drainage and will prevent refilling 
of the space. Bilateral hematomas can be treated with bilateral incisions of the mucoperichondrium as long as the 
septal cartilage is left intact. After drainage, nasal packing and antibiotics are recommended.

 12. What is the incidence of septal fracture in simple nasal bone fractures?
The incidence of septal fractures in simple nasal bone fractures is 96%. Mucosal tearing is commonly associated with 
septal fracture and should heighten suspicion for such injury.

 13. What is the management of nasal fractures?
A septal hematoma and any nasal lacerations should be treated urgently. In the absence of these conditions, treatment 
may be delayed for 3 to 5 days until severe nasal swelling resolves. Once the edema has resolved, the fractures of the 
bone and cartilage should be treated under anesthesia (general or intravenous sedation). A closed reduction of the nasal 
bone and septal fractures should be conducted. If the cartilaginous septum is displaced off the nasal spine, it must be 



297craNIoFacIaL surGerY II—trauMatIc

repositioned and fixated with suture. After reduction of the fractures, internal and external nasal splints should be used. 
Internal splints must be placed underneath the nasal bones so that the bone fragments are sandwiched between the 
external and internal splints. Antibiotics are administered while the internal splint is in place for approximately 5 days. 
The external splint should be maintained for 7 to 10 days.

 14. What is the treatment of severely comminuted nasal fractures?
Severely comminuted nasal fractures usually can be reduced primarily and supported with intranasal packing and 
externally applied splints. Some severely comminuted fractures may require open reduction and bone grafting to 
restore nasal dorsal projection. Authors have described techniques whereby an open reduction is performed through 
intercartilaginous incisions with intranasal Kirschner wire splinting as fixation, thus preventing extensive periosteal 
dissection and exposure.

 15. What is the ideal timing of closed reduction in adult and pediatric patients?
Nasal fractures in adults should be reduced within the first 2 weeks following trauma. Fractures in pediatric patients 
(younger than 12 years) should be treated within the first week due to the more rapid healing of facial bones.

 16. What are the indications for septoplasty at the time of closed reduction?
The septum is important in determining the position of the nasal bones and the appearance of the external nose. If 
septal injury is not identified and corrected, the reduction of the nasal bones may be inadequate and may result in 
airway obstruction and secondary aesthetic deformities. Indications for septoplasty are as follows:

 • Inability to obtain reasonable alignment by closed method
 • Dislocation of the caudal septum from the vomerine groove usually does not reduce with repositioning of the bony 
nasal pyramid. Manipulative reduction may be attempted; if it is unsuccessful, open reduction (septoplasty) should 
be performed. The procedure may involve repositioning the caudal septum or removing a small strip of cartilage 
along the inferior border.

 • Septal fractures may be severely displaced and irreducible. Local or limited submucosal resection of the area of 
septal overlap releases the locked septal displacement and provides better alignment, appearance, and function of 
the nose.

 • Patients with a preinjury history of nasal airway obstruction
 • Septal deformity due to undetected or late treatment of a septal hematoma

 17. Can a septoplasty be performed in the pediatric patient as either early or late 
treatment of nasal septal fractures?
In general, surgical intervention beyond closed reduction of the septum is deferred until the child has completed growth 
because of the potential for growth disturbance produced by disruption of the septum and anterior nasal spine.

 18. What is the cause of the saddle nose deformity?
Saddle deformities result from loss of support of the nasal dorsum. They usually are composite injuries that involve both 
bone and cartilage, allowing the nasal bones and upper lateral cartilages to drop into the piriform aperture. Such injuries 
include telescoping septal fractures and fractures at the rhinion that dislocate the upper lateral cartilage attachments. 
Untreated septal hematomas may result in saddle deformity by causing necrosis of the septum and subsequent loss of 
dorsal support.

 19. What is the incidence of posttraumatic nasal deformity?
The incidence of postreduction nasal deformities requiring subsequent rhinoplasty or septorhinoplasty ranges from 
14% to 50%.

 20. What are late complications of nasal fractures?
 • Nasal airway obstruction may develop from septal hematomas, malunited fractures, or scar contractures. Septal 
hematomas may organize and fibrose, calcify, or chondrify, forming a thickened portion of the nasal septum that 
obstructs the airway. Malunited fractures of the piriform margin and scar contracture of the vestibular lining also may 
result in obstruction.

 • Saddle deformity due to shortening and collapse may develop.
 • Dorsal hump due to periosteal reaction to hematoma may develop.
 • Nasal deviation due to malunion may develop.
 • Synechiae may form between the septum and turbinates in areas where soft tissue lacerations occur and tissues are 
in contact.

 • Osteitis associated with compound fractures or infected hematomas may develop.
 • Epistaxis may develop.
 • Headaches may develop.
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 21. When is secondary treatment of nasal fractures indicated?
It is indicated for patients with either functional or cosmetic problems. Even with adequate reduction, late deformity 
may still occur, and patients should be warned. Late deformities may include a dorsal prominence or deviation, loss 
of dorsal height, septal deviation, and nasal airway obstruction. Most authors recommend early closed reduction 
followed by late correction of residual cosmetic deformities or functional problems with formal rhinoplasty.
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AnAtomy

 1. The orbit is composed of how many bones?
Seven. The zygoma, the sphenoid (lesser and greater wings), the frontal, the ethmoid, the lacrimal, the palatine, and 
the maxillary bones articulate to form each orbit. The paired structures are separated in the midline by the nasal bones 
and paranasal sinuses (Fig. 46-1).

 2. The orbital rims are composed of which bones?
 • Superiorly: Supraorbital rim is formed mainly by the frontal bone.
 • Inferiorly: Infraorbital rim is formed by the zygoma laterally and the maxilla medially.
 • Medially: Nasal spine of the frontal bone and the frontal process of the maxilla constitute the anteromedial 
orbital wall.

 • Laterally: Frontal process of the zygoma and the zygomatic process of the frontal bone constitute the lateral orbital rim.

 3. The orbital walls are composed of which bones?
The roof is composed mainly of the orbital plate of the frontal bone. Posteriorly it receives a minor contribution from the 

lesser wing of the sphenoid.
The orbital floor is composed of the orbital plate of the maxilla, the zygomatic bone anterolaterally, and the orbital 

process of the palatine bone posteriorly. The orbital floor is equivalent to the roof of the maxillary sinus.
The lateral wall is formed primarily by the orbital surface of the zygomatic bone and the greater wing of the sphenoid 

bone. The sphenoid portion of the lateral wall is separated from the roof by the superior orbital fissure and from the 
floor by the inferior orbital fissure.

The medial wall is quadrangular in shape and composed of four bones: (1) ethmoid bone centrally; (2) frontal bone 
superoanteriorly; (3) lacrimal bone inferoanteriorly; and (4) sphenoid bone posteriorly. The medial wall is quite thin; 
the ethmoidal portion has been termed the lamina papyracea (paperlike), which is the largest component of the 
medial wall.

 4. Which is the only bone that exists entirely within the orbital confines?
The lacrimal bone.

Frontal bone

Optic foramen

Ethmoid bone

Lacrimal boneSuperior orbital
fissure

Greater wing
of sphenoid

Inferior orbital
fissure

Zygoma

Lacrimal groove

Maxilla

Figure 46-1. Anatomy of the 
orbit. (From Whitaker LA, Bartlett SP: 
Craniofacial anomalies. In Jurkiewicz 
MJ, Krizek TJ, Mathes SJ, Ariyan S 
[eds]: Plastic Surgery: Principles and 
Practice. St. Louis, Mosby, 1990, 
p. 104, with permission.)
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 5. What is the relationship between the anterior cranial fossa and the orbit?
The orbits are situated immediately below the floor of the anterior cranial fossa, the lateral portion of which is formed 
by the roof of the orbits. The medial portion of the anterior cranial fossa is formed by the roof of each ethmoid sinus 
laterally and by the cribriform plate medially.

 6. Which nerve traverses the floor of the orbit?
The infraorbital nerve. The infraorbital groove courses forward from the inferior orbital fissure. Anteriorly, the groove 
becomes a canal within the maxilla, finally forming the infraorbital foramen on the anterior surface of the maxilla. The 
groove and canal transmit the infraorbital nerve and artery.

 7. The orbit is best described by which geometric shape?
Each orbit is conical or pyramidally shaped, but neither term is completely accurate. The widest diameter of the orbit is 
located just behind the orbital rim approximately 1.5 cm within the orbital cavity. From this point posteriorly, the orbit 
narrows dramatically in its middle and posterior thirds. The orbital rim is an elliptically shaped structure, whereas the 
orbit immediately behind the rim is more circular in configuration. The floor of the orbit has no sharp demarcation with 
the medial wall but proceeds into the wall by tilting upward in its medial aspect at a 45° angle. The medial wall has a 
quadrangular rather than a triangular configuration.

 8. Through which bone do all neurovascular structures pass into the orbit?
The sphenoid bone. All nerves, arteries, and veins entering the orbit pass through this bone.

 9. How deep is the orbit?
Orbital depth measured to the optic strut (the bone between the optic foramen and superior orbital fissure) varies 
from 45 to 55 mm. At the entrance, orbital height measures approximately 35 mm and orbital width approximately 
40 mm.

 10. Where is the optic foramen located? What about the optic canal?
The optic foramen is situated medial to the superior orbital fissure within the substance of the lesser wing of 
the sphenoid. It is found at the junction of the lateral and medial walls of the orbit in its most posterior aspect. 
It is close to the posterior portion of the ethmoid sinus, not at the true apex of the orbit. The posterior ethmoidal 
vessels are found within 5 mm of the optic nerve. The optic nerve usually is located 40 to 45 mm behind the 
infraorbital rim.

The optic canal is 4 to 10 mm in length. The optic nerve and ophthalmic artery pass through the optic canal from an 
intracranial to an intraorbital position. The canal is formed medially by the body of the sphenoid and laterally by the 
lesser wing. The bony optic canal forms a tight sheath around the optic nerve. Fractures with swelling predispose to 
vascular compression of the nerve in the canal.

 11. Where is the superior orbital fissure located? Which structures pass through it?
The superior orbital fissure is a 22-mm cleft that runs lateral, anterior, and superior from the apex of the orbit. 
This fissure, which separates the greater and lesser wings of the sphenoid and lies between the optic foramen and 
the foramen rotundum, provides passage to the three motor nerves to the extraocular muscles of the orbit: oculomotor 
nerve (CN III), trochlear nerve (CN IV), and abducens nerve (CN VI). The ophthalmic division of the trigeminal nerve 
(CN V1) also enters the orbit through this fissure.

 12. Nothing passes through the inferior orbital fissure. True or false?
False. The inferior orbital fissure, which separates the greater sphenoid wing portion of the lateral wall from the floor, 
permits passage of the (1) maxillary division of the trigeminal nerve (CN V2) and its branches (including the infraorbital 
nerve), (2) infraorbital artery, (3) branches of the sphenopalatine ganglion, and (4) branches of the inferior ophthalmic 
vein to the pterygoid plexus.

 13. What is Tenon’s capsule?
Tenon’s capsule is a fascial structure that subdivides the orbital cavity into two halves: an anterior (or precapsular) 
segment and a posterior (or retrocapsular) segment. The ocular globe occupies only the anterior half of the orbital cavity. 
The posterior half of the orbital cavity is filled with fat, muscles, vessels, and nerves that supply the ocular globe and 
extraocular muscles and provide sensation to the soft tissue surrounding the orbit.

 14. What is the annulus of Zinn?
The annulus of Zinn, or common tendinous ring, is the fibrous thickening of the periosteum from which the recti muscles 
originate.
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 15. What are the functions of the extraocular muscles?
 • Lateral rectus muscle: Abduction
 • Medial rectus muscle: Adduction
 • Inferior rectus muscle: Depression, adduction, and extorsion (i.e., the superior pole of globe moves laterally)
 • Superior rectus muscle: Elevation, adduction, and intorsion (i.e., the superior pole of the globe moves medially)
 • Superior oblique muscle: Depression, abduction, and intorsion
 • Inferior oblique muscle: Elevation, abduction, and extorsion

 16. Why is the medial canthal tendon so important?
The medial canthal tendon is a complex of fascial support mechanisms that includes anterior, posterior, and vertical 
components. They insert in the frontal process of the maxilla (the medial orbital margin) from the anterior lacrimal crest 
to the nasal bone. The orbicularis oculi muscle originates from the medial canthal tendon. In addition, branches of the 
canthal tendon divide to extend through the upper and lower eyelids and to attach to the medial margin of the tarsal 
plates. Release of this tendon, as with fractures of the medial orbital wall, may result in telecanthus (increase in distance 
between medial canthi, which may create the illusion of hypertelorism when bilateral).

 17. Distinguish between intraconal and extraconal fat. Which is important for 
globe support?
The orbital fat can be divided into anterior and posterior portions. The anterior, extraocular fat is largely extraconal (exists 
outside the muscle cone). Posteriorly, only fine fascial communications separate the extraconal from the intraconal fat 
compartments. Intraconal fat constitutes three fourths of the fat in the posterior orbit and may be displaced outside the 
muscle cone, contributing to a loss of globe support from loss of soft tissue volume. The fat on the anterior portion of the 
orbital floor is extraconal and does not contribute to globe support.

PAthology

 18. What is the most common orbital fracture?
Zygomaticoorbital or malar complex fractures are the most common. Moderately displaced zygomatic injuries are 
frequently associated with fractures of the lateral orbital wall with comminution of the orbital floor and infraorbital rim 
(Figs. 46-2 and 46-3).

 19. What is the most common site of an isolated intraorbital fracture?
The most frequent intraorbital fracture involves the orbital floor just medial to the infraorbital canal and usually is 
confined to the medial portion of the floor and the lower portion of the medial orbital wall. Depressed fractures involving 
this portion of the orbit may allow the orbital soft tissue to be displaced into the maxillary and ethmoid sinuses, 
effectively increasing orbital volume (Fig. 46-4).

A B

Figure 46-2. Fractures of the zygoma. A, Nondisplaced. Lateral 
canthus maintains normal position. B, Displacement of the zygoma 
and orbital floor. Downward displacement of the globe and lateral 
canthus results. (From McCarthy JG [ed]: Plastic Surgery. Philadelphia, 
W.B. Saunders, 1990, p 995, with permission.)

Figure 46-3. Zygomatic fractures may require orbital 
floor reconstruction, depending on the extent of the fracture. 
(From Smith JW, Aston SJ [eds]: Grabb and Smith’s Plastic Surgery, 
4th ed. Boston, Little, Brown, 1991, p 364, with permission.)
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 20. What is a “blowout” fracture? What is the responsible mechanism?
A blowout fracture is caused by a traumatic force applied to the orbital rim or globe and usually results in a 
sudden increase in intraorbital pressure. The incompressible intraorbital contents are displaced posteriorly, and the 
traumatic force is transmitted to the thin orbital floor and medial orbital wall, which are the first to fracture. The 
mechanism usually involves direct force transfer from the orbital rim to the orbital floor and medial wall, resulting 
in buckling and fracture. Force transfer through the globe occurs less frequently; otherwise, global injuries would 
accompany orbital fractures more often. Intraorbital contents often herniate through the fractured site and may 
become incarcerated by the edges of the fracture or by a “trapdoor” displacement of a segment of thin orbital bone 
(Fig. 46-5).

 21. What is the difference between pure and impure blowout fractures?
Pure blowout fractures involve the thin areas of the orbital floor, medial wall, and lateral wall. The orbital rim, however, 
remains intact. Impure blowout fractures are associated with fracture of the adjacent facial bones. The thick orbital rim 
is also fractured; its backward displacement causes comminution of the orbital floor. Transmission of the traumatic force 
to the orbital contents produces a superimposed blowout fracture.

 22. What key findings should be sought on physical examination in a patient with a 
suspected orbital fracture?
A five-point ocular assessment has been proposed to evaluate patients with periorbital trauma. The five key items are 
(1) visual acuity, (2) pupillary function prior to any dilation, (3) examination of the anterior chamber for blood or fluid, 
(4) examination of the posterior segment with a funduscope, and (5) ocular motility. This examination should be repeated 
during the course of treatment and should accompany a formal evaluation by the ophthalmologist.

 23. What physical findings suggest an orbital fracture?
Periorbital edema, ecchymosis, and subconjunctival hemorrhage are seen with most orbital fractures. Fractures of the 
anterior orbit are characterized by palpable bony step-offs at the inferior and lateral orbital rims and sensory nerve 
disturbances in the cheek and upper gingiva and teeth. Fractures of the middle orbit may lead to changes in the position 
of the globe, oculomotor dysfunction, and diplopia, whereas fractures of the posterior orbit may present with visual and 
oculomotor disturbances.

A B

Figure 46-4. A, Orbital blowout fracture. B, Orbital floor 
reconstruction with bone graft. (From Smith JW, Aston SJ [eds]: 
Grabb and Smith’s Plastic Surgery, 4th ed. Boston, Little, Brown, 
1991, p 371, with permission.)

Buckling

Globe-to-wall

A B

Figure 46-5. A, Mechanism of 
blowout fracture from displacement of 
the globe itself into the orbital walls. 
The globe is displaced posteriorly, 
striking the orbital walls and forcing 
them outward, causing a “punched out” 
fracture the size of the globe. B, “Force 
transmission” fracture of orbital floor. 
(Copyright © Montage Media Corp.)
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 24. Hypoesthesia or anesthesia in the distribution of which nerve is seen in 90% to 95% 
of orbital floor fractures?
The infraorbital nerve.

 25. How can entrapment of orbital contents be diagnosed?
Entrapment is diagnosed by noting inability of the eyeball to rotate through its normal range of motion. Entrapment 
of the inferior rectus muscle would be noted as an inability of the globe to roll in a vertical plane. On observation, the 
patient may not be able to look upward with the affected eye. In the comatose patient (or following administration 
of topical anesthetic into the inferior fornix in an awake patient), insertion of a rectus muscle onto the ocular globe 
approximately 7 mm from the limbus may be gently grasped with a forceps. The globe is then rotated in all four 
directions and any restriction noted. The inferior rectus muscle usually is used, although the superior, medial, or lateral 
recti muscles may be used as well.

 26. What is a Marcus Gunn pupil?
With lesions involving the retina or optic nerve back to the chiasm, a light directed into in the unaffected eye produces 
normal constriction of the pupils of both eyes (consensual response). However, a light directed into in the affected eye 
produces a paradoxical dilation rather than constriction of the affected pupil. This afferent pupillary defect is referred 
to as a Marcus Gunn pupil. Such lesions, as well as globe rupture, lens dislocation, and vitreous hemorrhage, are 
uncommon but may accompany orbital fractures and underscore the need for an ophthalmologic evaluation in all cases 
of orbital fractures upon presentation.

 27. What is the superior orbital fissure syndrome?
Fractures involving the superior orbital fissure produce a combination of cranial nerve palsies known as 
the superior orbital fissure syndrome. The syndrome consists of ptosis of the eyelid, proptosis of the globe, 
paralysis of cranial nerves III, IV, and VI, and anesthesia in the distribution of the first (ophthalmic) division of the 
trigeminal nerve (CN V1). Sensory disturbances of the forehead, upper eyelid, conjunctiva, cornea, and sclera 
are seen.

 28. What is the orbital apex syndrome?
If blindness occurs in combination with superior orbital fissure syndrome, the condition is referred to as the orbital apex 
syndrome.

 29. What is the best radiographic study for diagnosis of an orbital fracture?
Computed tomographic (CT) scan. Axial scans at 3-mm intervals demonstrate abnormalities of the medial and lateral 
walls and identify fractures of the nasoethmoidal region. Coronal scans, obtained by direct or reformatted images, 
demonstrate fractures of the orbital floor, roof, and interorbital space. In the absence of a CT scan, a Waters view is 
often sufficient to diagnose an orbital floor fracture. It allows visualization of blood in the maxillary sinus as well as 
orbital floor depression and herniation of orbital contents. Other findings may include disruption of the medial wall and 
separation of the zygomaticofrontal (ZF) suture.

 30. What are the goals of surgical treatment of orbital fractures?
The goals of surgical treatment are (1) reduction/release of any herniated or entrapped orbital contents and 
(2) restoration of normal orbital architecture. Intraorbital soft tissue contents must be freed from any fracture sites. 
Range of motion of the ocular globe after freeing of the orbital soft tissue should be confirmed by an intraoperative 
forced duction test. This test should be performed before the entrapped tissue is released, after release, and again after 
insertion of any material used to reconstruct the orbital floor.

 31. What are the principles of orbital fracture management?
The principles of orbital fracture management are (1) stabilization and reconstruction of the orbital ring (medial orbital, 
lateral orbital, supraorbital, and infraorbital rims); (2) reconstruction of orbital floor defects; (3) repair and redraping 
of orbital soft tissue, including the medial and lateral canthal tendons; and (4) careful postoperative evaluation for 
changes in comfort, vision, or other adverse sequelae. Sufficient exposure of all fracture sites is necessary to permit 
adequate reduction and fixation of all fracture fragments. Fixation usually is achieved with the application of microplates 
or miniplates and screws across the site of the fracture. These usually measure 1.0 to 1.5 mm in width. Bone grafts 
may or may not be required. The integrity of the orbital floor is restored with either a bone graft or an alloplastic 
implant. The purpose of orbital floor reconstruction is to reestablish the size of the orbital cavity. Occasionally, a 
depressed segment of orbital floor can be retrieved and, if of sufficient size and appropriate configuration, rotated 
90° to provide coverage of the floor defect. Any material used for floor reconstruction should be anchored to prevent 
displacement or extrusion of the material. Medial and/or lateral canthopexies are performed, when necessary, to restore 
proper suspension of the orbital globe.
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 32. What materials are used to reconstruct the orbital floor?
 • Autogenous bone grafts (split calvarial, iliac, or split rib) (see Figs. 46-2 to 46-4)
 • Allogenic bone grafts (radiated cadaveric tibia)
 • Inorganic alloplastic materials (e.g., Medpor, Silastic, Vitallium, stainless steel, Teflon, Supramid, or titanium implants)

 33. What are the most frequent sequelae of inadequately treated fractures of the orbital 
floor?
Diplopia and enophthalmos.

 34. What is the principal mechanism responsible for posttraumatic enophthalmos?
Displacement of a relatively constant volume of orbital soft tissue into an enlarged bony orbital volume. Fat atrophy does 
not appear to play an etiopathogenic role. Enophthalmos in excess of 5 mm results in a noticeable deformity. Correction 
of enophthalmos involves correction of orbital cavity size and restoration of the shape of its walls to their original 
configuration.

 35. What is diplopia? Is it always an indication for surgery?
Diplopia means double vision and is rarely an indication for surgery. It usually is transient and, if present only at the 
extremes of gaze rather than within a functional field of vision, is not a critical symptom. It is commonly attributed 
to hematoma or edema that causes muscular imbalance by elevating the ocular globe or to injury of the extraocular 
musculature and temporary effects on the oculorotary mechanism.

 36. What are the major surgical indications for orbital fracture repair?
Muscle entrapment and increased orbital volume. Entrapment, which is confirmed by a forced duction test and CT scan 
demonstrating soft tissue incarceration, warrants early exploration. Increased orbital volume secondary to significant 
fractures that have an area greater than 2 cm2 of displaced orbital wall may result in globe displacement (enophthalmos 
and globe dystopia) and necessitates fracture repair. Enophthalmos secondary to a floor defect is managed with a lower 
lid or transconjunctival incision. Enophthalmos secondary to expansion of the medial wall can be approached from 
the floor if the enlargement is in the lower half of the medial orbital wall. Otherwise, a coronal incision is warranted. 
Enophthalmos secondary to lateral wall involvement usually requires a coronal incision.

 37. What complications are associated with fractures of the orbital roof?
Fractures of the orbital roof usually involve the supraorbital ridge, frontal bone, and frontal sinus and frequently reduce 
orbital volume. Globe displacement occurs in an inferolateral direction and may result in proptosis. The trochlea of the 
superior oblique muscle is often damaged because of its proximity to the surface of the roof, resulting in transitory 
diplopia. CN VI may be traumatized with orbital roof fractures, resulting in paralysis of the lateral rectus muscle and 
limitation of ocular abduction. Additional complications include dural tears, anterior cranial base injuries, cerebrospinal 
fluid leaks, cerebral herniation, and pulsatile exophthalmos.

 38. Which fracture may result in an antimongoloid slant of the palpebral fissure? Why?
Inferoposterior displacement of a malar complex or zygoma fracture causes an antimongoloid slant. This slant results 
from the inferior displacement of the lateral canthal tendon, which moves with the fractured lateral orbital wall.

 39. What incisions are used to approach the orbit?
There are multiple approaches to the orbit, and one or a combination is required for operative reduction 
and rigid fixation.

The orbital floor can be approached through one of three standard incisions:
 • A subciliary incision begins approximately 2 to 3 mm below the lash line and extends from the punctum to 8 to 10 mm 
lateral to the lateral canthus. This incision is made through the skin, and the dissection is continued to the inferior 
edge of the tarsus. A skin-muscle flap is then raised from the tarsus. The septum orbitale is followed below the tarsus 
until the rim of the orbit is reached. An incision is made through the periosteum on the anterior aspect of the orbital 
rim to avoid damaging the septum, which inserts on the anterolateral portion of the orbit at the recess of Eisler. The 
periosteum is elevated from the rim and orbital floor. This approach allows easy access to the lateral and medial walls 
and floor of the orbit (Fig. 46-6).

 • A transjugal incision is performed within the lid crease, 4 to 5 mm below the ciliary margin and tarsal plate. This 
incision avoids many of the problems associated with the subciliary incision.

 • A transconjunctival incision, advocated by Tessier for correction of craniofacial anomalies and by Converse for 
posttraumatic deformities, is made through the conjunctiva, capsulopalpebral fascia (lid retractors), and onto 
periosteum to the orbital rim, traversing either anterior posterior to the orbital septum. The transconjunctival approach 
avoids an external scar and minimizes the risk of postoperative ectropion. Additional exposure may be gained by 
performing a lateral canthotomy (Fig. 46-7).
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Exposure to the orbit may be enhanced by several additional approaches:

 • A lateral brow incision provides exposure of the frontozygomatic suture and part of the lateral wall and roof of the 
orbit.

 • A transcaruncular incision is used for isolated fractures of the medial wall of the orbit. Similarly, a medial canthal 
incision may be used to provide excellent exposure of the medial canthus, medial wall of the orbit, and nasal bones. It 
usually is made in a curvilinear fashion to improve cosmesis.

 • A gingivobuccal incision provides excellent exposure of the inferior orbital rim, maxilla, and zygoma.
 • Finally, much of the orbit may be approached through a coronal incision. Popularized by Tessier, it provides wide 
access to the orbits, nose, and zygomas as well as the cranium. It is the preferred incision for extensive surgery, 
especially when the orbital roof must be visualized and the orbital contents must be mobilized 360°.

 40. Which incision has the greatest propensity for complications such as scleral show 
or ectropion?
The subciliary incision. Scleral show and ectropion are frequent sequelae after lower lid surgery due to lid retraction. 
Many of these conditions improve with time, but permanent scarring within the lower eyelid may result in permanent 
deformity that requires release of scar tissue and even grafting.

Septum
orbitale

Septum
orbitale

Periosteum

BA

C D

Figure 46-6. Subciliary eyelid incision. A, Incision design. B, Exposure of the septum orbitale. C, Sagittal section demonstrating the skin 
incision extended through the orbicularis oculi muscle and the path of dissection over the septum orbitale to the orbital rim. D, Periosteum 
of the orbit (periorbita) is elevated from the orbital floor. (From Converse JM, Cole JG, Smith B: Late treatment of blowout fractures of the floor of 
the orbit. A case report. Plast Reconstr Surg 28:183, 1961, with permission.)

BA

Figure 46-7. Transconjunctival incision combined with lateral canthotomy. A, Incision design. B, Sagittal section demonstrating the incision 
through the conjunctiva, capsulopalpebral fascia, and periosteum to the orbital rim. The preseptal approach is used to prevent herniation 
of periorbital fat into the operative field. (From Manson PN, Markowitz BL: Fractures of the orbit and nasoethmoidal bones. In Cohen M [ed]: 
Mastery of Plastic and Reconstructive Surgery. Boston, Little, Brown, 1994, p 1147, with permission.)
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 41. Is the Caldwell-Luc approach to the orbital floor a wise one?
Absolutely not. A Caldwell-Luc approach to the orbital floor through an opening in the anterior wall of the maxillary 
sinus is not recommended for reduction of orbital floor fracture. This transmaxillary approach is potentially dangerous 
because it is a blind approach. Complete reduction of herniated orbital contents is therefore not ensured, and thorough 
exploration of the orbital floor is not possible.

 42. What is an NOE fracture?
Medial orbital wall fractures often accompany orbital floor fractures and sometimes are an undiagnosed cause of 
residual postoperative enophthalmos. More severe medial orbital wall fractures usually involve the nasoethmoidal 
structures and thus are referred to as nasoethmoidal–orbital or nasoorbitoethmoidal fractures, or simply NOE fractures 
(Fig. 46-8).

 43. What classic clinical findings are associated with an NOE fracture?
Telecanthus and a saddle nose deformity. NOE fractures consist of injury to one or both frontal processes of the maxilla 
and nose. The frontal process of the maxilla contains the attachment of the medial canthal ligament. If the medial orbital 
rim and its canthal attachment are dislocated, the result is telecanthus, which is an increase in the distance between 
the medial canthi (intercanthal distance). In contrast to orbital hypertelorism, the orbit itself is not displaced laterally. The 
pseudohyperteloric appearance of the orbits is accentuated by the flattening and widening of the bony dorsum of the 
nose. As a result, the eyes appear far apart. The most reliable clinical sign of an NOE fracture is movement of the frontal 
process of the maxilla on direct finger pressure over the medial canthal ligament.

 44. How can the intercanthal distance be preserved after an NOE fracture?
The most important step in the management of an NOE fracture is performance of a transnasal canthopexy. The 
segment of bone to which the medial canthal tendon is attached is mobilized so that drill holes can be placed behind 
the canthal ligament for transnasal wires. Two parallel holes are placed in the most superior and posterior aspects of 
the bone fragment, above and posterior to the lacrimal fossa. Interosseous wires are used to link the medial orbital rim 
with the frontal bone, nasal bones, and inferior orbital rim. The bone fragments attached to the medial canthal ligament 
are reduced and secured to the surrounding bone by interosseous wires. Two 26-gauge wires are passed through 
the canthal ligament fragment from one frontal process to the other and tightened. This procedure preserves the 
intercanthal distance and corrects the telecanthus.

 45. What is the surgical approach to treatment of an NOE fracture?
Three incisions—coronal, subciliary or mid-lid, and maxillary gingivobuccal sulcus—are usually necessary to expose 
adequately the nasoethmoidal–orbital region. NOE fractures are complex and require specific reduction and fixation 
techniques based on the pattern and comminution of the fracture. A combination of interfragmentary wiring and 
plate and screw fixation is necessary to reconstruct the medial orbital wall, inferior orbital rim, nasofrontal junction, 
nasomaxillary buttress, and nasal bones. Despite interfragmentary wiring, the nasal dorsum almost always requires 
augmentation with a cantilever bone graft.

Figure 46-8. Bilateral comminuted 
nasoethmoidal-orbital fractures. Note 
displacement of the medial orbital wall 
fragments containing the attachment of the 
medial canthal tendons. (From Manson PN, 
Markowitz BL: Fractures of the orbit and 
nasoethmoidal bones. In Cohen M [ed]: Mastery 
of Plastic and Reconstructive Surgery. Boston, 
Little, Brown, 1994, p 1150, with permission.)
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Fractures oF the Zygoma

 1. Describe the anatomy of the zygoma.
The zygoma is a pyramidal bone of the midface. Its anterior convexity gives prominence to the malar eminence of 
the cheek, and its posterior concavity helps to form the temporal fossa. The zygoma forms the superolateral and 
superoanterior portions of the maxillary sinus. It articulates with the frontal, temporal, maxillary, and sphenoid bones 
(Fig. 47-1). Superolaterally, the frontal process of the zygoma articulates with the zygomatic process of the frontal bone 
and forms the lateral orbital wall along with its intraorbital articulation with the sphenoid bone. The temporal process of 
the zygoma posterolaterally articulates with the zygomatic process of the temporal bone to create the zygomatic arch, 
which links the base of the skull with the zygomatic body. The broad articulation of the zygoma inferiorly and medially 
with the maxilla forms the zygomaticomaxillary (ZM) buttress, the major buttressing structure between the midface and 
the cranium, as well as the infraorbital rim and lateral part of the orbital floor.

 2. What different terms have been used to describe fractures of the zygoma?
Zygomaticomaxillary complex/compound (ZMC), zygomatic, orbitozygomatic (OZM), malar complex, trimalar, tetrapod 
(quadrapod), and tripod fracture are among the terms used by clinicians to describe the fracture pattern involving the 
zygoma. The term zygomaticomaxillary complex fracture is among the more popular terms used to describe this fracture 
pattern. The term tripod fracture is a misnomer because these fractures consist of four components (see Question 4).

 3. What is the pattern of the typical zygoma fracture?
Because of natural points of structural weakness in the area of the zygoma, a reproducible pattern of zygomatic complex 
fractures frequently occurs. Typically, the fracture line travels through the zygomaticofrontal (ZF) region and into the 
orbit at the zygomaticosphenoidal suture to the inferior orbital fissure. Anterior to the fissure, the fracture involves only 
the maxilla, where it traverses the orbital floor and infraorbital rim, goes through the infraorbital foramen, and continues 
inferiorly through the ZM buttress. Posterior to the buttress, yet still in continuity, the lateral wall of the maxillary sinus 
is fractured. In addition, the zygomatic arch is fractured at its weakest point, approximately 1.5 cm posterior to the 
zygomaticotemporal suture, in the zygomatic process of the temporal bone (Fig. 47-2). This typical fracture pattern is 
commonly encountered, but great variety exists depending on factors such as the direction and magnitude of the force, 
the density of the adjacent bones, and the amount of soft tissue covering the zygoma. Most displaced zygomatic fractures 
are depressed and rotated laterally. In other circumstances, only isolated arch fractures may occur.

 4. Why is the commonly used term tripod fracture a misnomer for zygomatic complex 
fractures?
The term tripod fracture has been used to consolidate the typical fracture pattern of the zygomatic complex into a 
concise description that reflects the configuration of the complex as it relates to adjacent bones. However, it wrongly 
implies that only three legs, or processes, are involved. In reality, the usual zygomatic complex fracture involves four 
major processes: ZF suture, infraorbital rim, ZM buttress, and zygomatic arch. In addition, the zygomaticosphenoid 
suture is often referred to as a fifth point of articulation.

A B

Figure 47-1. Zygoma and its articulating bones. A, The zygoma 
articulates with the frontal, sphenoid, maxillary, and temporal bones. 
The dots show the portion of the zygoma and the maxilla occupied 
by the maxillary sinus. B, Lateral view of the zygoma. (From 
Manson PN: Facial injuries. In McCarthy JG [ed]: Plastic Surgery. 
Philadelphia, WB Saunders, 1990, p 992, with permission.)



309CRANIOFACIAL SURGERY II—TRAUMATIC

 5. Which muscles attach to the zygoma?
The masseter, temporalis, and zygomaticus muscles all hold attachments to the zygoma. The masseter muscle 
originates along the inferior aspect of the body and temporal process of the zygoma. This exerts a downward force on 
the zygoma and can pull an unstable ZMC fracture inferiorly. The temporalis fascia attaches along the superior aspect of 
the arch and posterior body.

 6. What are the signs and symptoms of zygomatic fractures?
 • Pain
 • Periorbital ecchymosis and edema
 • Flattening of the malar prominence and widening of transverse facial width
 • Palpable bony step-off at the ZF suture, infraorbital rim, and/or ZM buttress
 • Subconjunctival ecchymosis
 • Diplopia
 • Enophthalmos (often a late finding)
 • Asymmetric pupillary levels
 • Upward gaze lag secondary to entrapment of the orbital contents, including the inferior rectus muscle
 • Infraorbital nerve sensory disturbance
 • Trismus
 • Unilateral epistaxis due to tearing of the ipsilateral maxillary sinus mucosa
 • Subcutaneous emphysema
 • Gingival buccal sulcus ecchymosis or hematoma
 • Antimongoloid slant of the lateral palpebral fissure due to downward displacement of the attachment of the lateral 
palpebral ligament on Whitnall’s tubercle of the zygoma

 • Orbital dystopia from downward displacement of Lockwood’s ligament
 • Lower lid retraction from downward displacement of the orbital septum

 7. What is the mechanism of trismus caused by fracture of the zygoma?
Trismus is characterized by a limitation of mouth opening and is present in approximately one third of all ZMC fractures. This 
can be explained by the fact that the coronoid process of the mandible is closely associated anatomically with the zygoma. 
Displaced fractures of the body or arch of the zygoma may impinge on the coronoid process, thereby interfering with its 
movement (Fig. 47-3). Trismus may be secondary to edema or muscle spasm of the temporalis or masseter muscles.

 8. Which diagnostic images provide the most information in evaluating and formulating 
a treatment plan for zygomatic fractures?
Computed tomographic (CT) scan shows in detail the location of the fractures, displacement of the bones, and status 
of the soft tissues. Axial views are best to evaluate the medial/lateral orbital walls and zygomatic arch, whereas 
coronal views are necessary to determine the extent of orbital floor involvement. With the latest advent of  
high-resolution CT scanners, three-dimensional reconstructions can be performed as an additional aid in diagnosis 
and operative planning. Posteroanterior oblique (Waters) and submental vertex (“jug handle”) plain radiographs are 
the most useful plain films for evaluating these fractures, but CT scan is currently the diagnostic imaging tool 
preferred by most surgeons.

A B

Figure 47-2. Common fracture pattern in zygomaticomaxillary complex/compound injury. A, Frontal view of skull showing fracture medial 
to zygomaticomaxillary suture and along zygomaticosphenoid suture within orbit. B, Oblique frontal view of skull showing fractures through 
frontozygomatic suture and posterior to zygomaticotemporal suture. (From Ellis E III: Fractures of the zygomatic complex and arch. In Fonseca 
RJ, Walker RV [eds]: Oral and Maxillofacial Trauma. Philadelphia, WB Saunders, 1991, p 573.)
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 9. How many points must be evaluated by a surgeon when evaluating a fracture of the 
zygoma?
Five: ZF suture, infraorbital rim, ZM buttress, zygomatic arch, and lateral orbital wall (Fig. 47-4). Surgical intervention 
should be based on both clinical and radiographic findings. Fractures that display significant displacement and/or 
instability at these points require operative intervention to correct immediate problems or to prevent long-term sequelae 
such as facial dysmorphism, enophthalmos, and orbital dystopia. The long-term sequelae are much more difficult to 
correct once fracture healing is complete. Fractures managed nonoperatively should be monitored with close follow-up 
with the surgeon. Patients should remain on a soft diet, and the malar eminence should be protected for 4-6 weeks, 
especially during sleep. This can be managed with protective devices, such as an AlumaFoam splint.

10. What are the surgical principles for reconstruction of zygomatic fractures?
 • Early operative anatomic reduction
 • Wide exposure of fracture segments
 • Rigid internal fixation
 • Primary bone grafting of significant skeletal defects

5

4

3
2

1

Figure 47-4. Schematic diagram showing the five points at which a fracture of the zygoma may be evaluated: (1) zygomaticofrontal suture, 
(2) zygomatic arch, (3) zygomaticomaxillary buttress, (4) infraorbital rim, and, most importantly (5) lateral orbital wall (zygomaticosphenoid 
suture). Of these, the lateral orbital wall is most useful when assessing whether the zygomatic complex is appropriately reduced. Rigid plate 
fixation at each of the first four points also is shown.

Figure 47-3. Fracture of the zygomatic arch with 
medial displacement against the coronoid process 
of the mandible, limiting mandibular motion. (From 
Manson PN: Facial injuries. In McCarthy JG [ed]: Plastic 
Surgery. Philadelphia, WB Saunders, 1990, p 993, with 
permission.)
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11. When is the optimal time to operate on zygomatic fractures?
There are important points to keep in mind in deciding when to operate on zygomatic fractures. Zygomatic fractures 
are not emergencies, and any associated life-threatening injuries must be addressed first. Initially, soft tissue edema 
makes open reduction more difficult and may compromise the final result. However, delay in intervention beyond 
the time for soft tissue fibrosis and fracture healing to occur (3 to 4 weeks) makes simple repositioning of the bones 
difficult. Ideally, open reduction should be performed on an otherwise uninjured patient before the onset of edema. In 
reality, this rarely occurs. Waiting several days for edema to resolve and, in the case of multiple trauma, for the patient to 
stabilize does not compromise the surgical outcome and often results in better surgical results. Most surgeons prefer to 
operate on facial fractures within 14 days after injury.

12. Name the four points at which the zygoma can be fixated.
The ZF suture, infraorbital rim, ZM buttress, and zygomatic arch. The gold standard of fracture repair and reduction 
consists of fracture alignment at three points. Therefore, of the four major processes described, at least three must be 
anatomically corrected under direct visualization to ensure anatomic reduction of the entire complex. Most frequently, 
these are the ZF suture, inferior orbital rim, and ZM buttress. Integrity of the orbital floor also must be ascertained. 
Alignment at only two points can allow for significant rotational malalignment at the other fracture site (Fig. 47-5). 
Frequently, these three points are fixated with plates. Nevertheless, this topic remains controversial because methods of 
one- and two-plate fixation have also shown acceptable results.

13. Which anatomic structure is most useful when assessing whether the zygomatic 
complex is appropriately reduced?
The lateral orbital wall. This structure is a broad, relatively flat interface between the greater wing of the sphenoid and 
the zygoma. It is easily visualized by medial dissection into the orbit when obtaining access to the ZF suture. The benefits 
of the lateral orbital wall are twofold. (1) It is least likely to be comminuted during fracture. (2) The lateral orbit is also the 
most sensitive index of both the degree of displacement and the rotation of the orbitozygomatic complex. Visualization 
from inside the orbit allows for anatomic reduction of the sphenoid wing to the orbital portion of the zygoma. Accurate 
alignment of this interface is essential because it permits simultaneous reduction of the fracture in all planes.

Figure 47-5. In displaced, unstable fractures of the zygoma, two-point fixation at the zygomaticofrontal suture and the infraorbital rim 
may still allow for rotation around these two points in the axis shown. As the masseter muscle contracts, it can pull the entire complex in a 
downward direction, causing residual depression of the zygomatic complex. The possibility of this occurring is increased by comminution or 
bone loss at the zygomaticomaxillary buttress. (From Gruss JS, Phillips JH: Rigid fixation of zygomatic fractures. In Yaremchuk MJ, Gruss JS, 
Manson PN [eds]: Rigid Fixation of the Craniomaxillofacial Skeleton. Boston, Butterworth-Heinemann, 1992, p 267.)
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14. How are isolated, displaced zygomatic arch fractures treated?
Zygomatic arch fractures often displace medially. One popular approach to elevate a medially displaced zygomatic 
arch fracture is that described by Gillies. Others prefer access via the gingivobuccal sulcus, sometimes referred to as 
a reverse Gillies approach or a Keen approach. Many surgeons believe that these fractures, once reduced, are stable 
because of the support of the underlying edematous temporalis muscle and require no fixation as long as no pressure is 
exerted to the ipsilateral face postoperatively.

15. Describe the temporal (Gillies) approach to the zygomatic arch.
A small incision is initially made in the temporal scalp approximately 2.5 cm anterior and 2.5 cm superior to the helix 
of the ear, avoiding injury to the branches of the superficial temporal artery. Dissection is carried down through skin, 
subcutaneous tissue, and superficial and deep temporal fascia. The plane between the deep layer of the deep temporal 
fascia and the underlying temporalis muscle is bluntly developed with an elevator down to the zygomatic arch. The 
surgeon can then elevate the depressed fracture segments.

16. Name the three standard approaches to the infraorbital rim and orbital floor.
The subciliary or lower blepharoplasty incision, the subtarsal or mid-lid incision, and the transconjunctival incision 
(Fig. 47-6). Among these, the subciliary incision has fallen increasingly out of favor for fracture reduction due to an 
increased risk for ectropion compared with the other approaches.

17. What are the common approaches to the lateral orbital rim?
The lateral brow incision, lateral extension of the upper eyelid blepharoplasty incision, and the coronal incision. Of the 
first two, the lateral extension of the blepharoplasty incision is favored because an incision in the skin of the eyelid 
tends to leave a less noticeable scar than in the brow. The coronal approach is utilized when other injuries are present, 
requiring access to the frontal bone or skull. A lateral extension of the subciliary incision has also been utilized for this 
purpose, although access is less direct through this approach.

18. How is access obtained for manipulation and reduction of the ZM buttress?
Through an upper buccal sulcus incision, access is gained to the entire anterior and lateral surface of the maxilla. 
Through this incision, the ZM buttress as well as the nasomaxillary buttress can be easily visualized. A rigid instrument 
is passed into this space to elevate and reduce the zygoma as well as to rigidly fixate the ZM buttress. Plating at this 
site maintains strong support against the downward pull of the muscles of mastication.

19. What are the advantages of the coronal incision for reduction of zygomatic 
fractures?
The coronal incision provides excellent exposure to the orbit, zygomatic body, and zygomatic arch while keeping 
the scar hidden in the hairline. It is most useful in complex injuries of the midface in which the zygomatic arch is 
comminuted, outwardly displaced, and/or telescoped. When a combination of fractures exists, the arch cannot be easily 
popped into position and must be reduced and plated via this approach.

20. Describe the approach to the zygomatic arch from a coronal incision.
A zigzag “stealth incision” (a term coined by Ian Munro) is frequently made to allow for a less obvious scar when 
establishing coronal access. The temporoparietal fascia overlying the temporalis muscle is frequently elevated with the 
coronal flap. Careful dissection is made down to the outer layer of the deep temporal fascia, avoiding injury to the frontal 
branch of the facial nerve, which travels within the superficial layer of the deep temporal fascia. Blunt dissection then 
is carried just superior to the zygomatic arch. Several centimeters above the arch, the deep temporal fascia splits to 
envelop the temporal fat pad, which is situated on the superior border of the zygomatic arch. The deep temporal fascia 
above the arch is incised obliquely to obtain full access to this structure. Dissection is not made directly over the arch 
because the periosteum and overlying fascial areas are very adherent, with the frontal branch embedded between these 
two layers (Fig. 47-7).

Lateral brow incision

Lateral extension of upper eyelid
    blepharoplasty incision

Subciliary or blepharoplasty incision
Lower eyelid incision

Figure 47-6. Common incisions to approach the zygoma. (From Ellis E III: Fractures of the zygomatic complex and arch. In Fonseca RJ, 
Walker RV, Betts NJ, et al [eds]: Oral and Maxillofacial Trauma, 3rd ed. St. Louis, Elsevier, 2005.)
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Figure 47-7. Coronal incision for exposure of zygomaticomaxillary complex/compound fracture. A, Location of incision. Placement of the 
incision should be well behind the hairline. B, Anatomic layers of scalp and temporal area. C, Dissection of the flap anteriorly just above 
the deep temporal fascia. D, Anatomic layer of dissection with a second incision through the outer later of the deep temporal fascia into 
the temporal fat pad just above the zygomatic arch. The temporal branch of the facial nerve travels within the superficial layer of the deep 
temporal fascia and is thereby protected from injury with this deeper approach. E, Subperiosteal dissection of the lateral orbit and zygomatic 
arch. (From Ellis E III: Fractures of the zygomatic complex and arch. In Fonseca RJ, Walker RV, Betts NJ, et al [eds]: Oral and Maxillofacial 
Trauma, 3rd ed. St. Louis, Elsevier, 2005, p 602.)
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21. Summarize the commonly used incisions for surgical exposure.
To the ZF suture:

 • Lateral brow
 • Lateral limb of upper blepharoplasty incision
 • Coronal (allows additional access to the zygomatic arch)

To the infraorbital rim:
 • Transconjunctival (± lateral canthotomy)
 • Subtarsal/mid-lid
 • Subciliary (increased risk of ectropion)

To the ZM buttress:
 • Gingival buccal sulcus

22. A patient appears to have an increase in facial width after complex facial injuries 
requiring plating of the zygomatic arch. What went wrong?
Remember that the zygomatic arch is not truly an arch at all. This structure (which connects the skull base to the 
midface) curves as an arch anteriorly and posteriorly but remains flat at its midportion. A common error is to reconstruct 
this as a true arch, thereby creating an appearance of excess facial width.

23. What is the dreaded OIF?
Surgical management of facial fractures involves open reduction internal fixation (ORIF). An open internal fixation (OIF) 
describes a situation in which a surgeon has fixated fracture segments without adequate reduction into anatomic 
position; hence, OIF without reduction. It is also the sound most surgeons make when seeing the postoperative result.

24. What is the most feared complication after surgical treatment of the zygoma fractures?
Albeit rare, blindness may result from direct damage to the optic nerve due to displacement of a bony fragment or 
fracture of the optic canal, edema that causes compression of the nerve, or retrobulbar hematoma. Preoperative 
ophthalmologic assessment of both eyes is imperative. Preexisting blindness in the contralateral, uninvolved eye 
has been considered by some as a relative contraindication to treatment because surgical reduction complicated by 
blindness in the eye on the involved side would be absolutely devastating to the patient (and surgeon).

25. How is malunion of the zygoma treated?
When minor deformity is present without orbital involvement or when comminution precludes repositioning of the 
zygoma en bloc, placement of subperiosteal implants may be used to restore normal malar contour. When more 
pronounced deformity exists along with functional deficits, zygomatic osteotomy to re-create the fracture followed by 
bony repositioning, fixation, and possible bone grafting is the best surgical option.

26. What are the common late sequelae of inadequate fracture reduction?
Inadequate reduction of the zygoma can result in increased width of the midface, decreased projection of the malar 
eminence, and enophthalmos. The zygoma is frequently displaced posteriorly and laterally, which translates into lateral 
displacement of the zygomatic arch. Enophthalmos can result from the associated fracture of the orbital floor, which 
effectively increases the volume of the orbit, allowing the eye to sink posteriorly.

27. A patient demonstrates facial asymmetry and an inferiorly displaced malar mound on 
the affected side despite anatomic reduction of a zygoma fracture. What was forgotten?
One consequence of wide undermining of the midface during surgical repair of facial fractures is destruction of 
soft tissue attachments to bone, including the zygomatic ligament. Therefore the soft tissue of the cheek must be 
resuspended to the zygoma. Without doing so, facial asymmetry can result, with “sagging” of the face ipsilaterally.

28. During reconstruction of a comminuted ZMC fracture, three-point fixation was 
established and the soft tissues were resuspended. However, the patient continues 
to have facial asymmetry. What fracture could have been missed?
A unilateral NOE fracture may have been present in this patient. In this situation, the medial portion of the infraorbital 
rim may be displaced laterally. If this malpositioning remains unnoticed, the ZMC will be laterally malpositioned. The 
face will continue to appear wide, and orbital volume may also be increased. Therefore, the medial orbital wall must be 
closely evaluated on CT preoperatively. When found, the NOE component must be anatomically reduced in addition to 
the ZMC.
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Fractures oF the Maxilla

 1. What are the buttresses of the maxilla?
The main vertical buttresses of the maxilla, which absorb the majority of forces, are the paired nasomaxillary, 
zygomaticomaxillary, and pterygomaxillary buttresses. Another structurally important component, the vomer, connects 
the posterior maxilla to the cranial base. Horizontal maxillary support is provided by the orbital rims and palate.

 2. At what age does the maxillary sinus become mature?
The floor of the maxillary sinus remains above the level of the floor of the nose up to the age of 8 years. Eruption of 
the permanent maxillary dentition determines the inferior growth of the maxillary floor. Growth of the maxillary sinus, 
therefore, is not complete until the age of 12 to 16 years.

 3. Who was Le Fort? What are Le Fort fractures?
At the end of the 1800s the French surgeon René Le Fort’s interest in midfacial fracture patterns led him to perform 
a series of experiments on cadaver heads. These experiments consisted of dropping the heads from roof tops onto a 
paved courtyard or striking them with a piano leg. He determined three basic fault lines along which the face fractured. 
In his initial description, the highest facial fracture was referred to as no. 1 and the lowest as no. 3.

In current parlance, the Le Fort I fracture refers to the horizontal transmaxillary fracture that goes through the maxilla 
at about the level of the piriform rim. The Le Fort II fracture involves the nasofrontal junction, the nasal processes of the 
maxilla, and the medial aspect of the inferior orbital rim. In addition, it crosses the anterior maxilla and extends back 
to and through the pterygoid plates. The Le Fort III fracture is a craniofacial dysjunction. It results in a separation at the 
frontozygomatic suture, nasofrontal junction, medial orbital wall, orbital floor, and zygomatic arch. The lower maxilla is 
intact in a pure Le Fort III fracture (Fig. 48-1).

Clinically, Le Fort fractures are often not simply one type and greater than 60% have associated frontal and mandibular 
fractures.

 4. What is the difference between a Le Fort fracture and a Le Fort osteotomy?
In a Le Fort fracture, the fracture line usually extends through the pterygoid plates. In an osteotomy, one attempts to 
preserve the pterygoid plates by precise separation through the pterygomaxillary junction.

I

II III

Figure 48-1. Le Fort I, II, and III fractures.
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 5. How do you clinically diagnose a midface fracture?
The most critical part of a lower midface trauma exam is the evaluation of a patient’s occlusion. In an awake patient, 
the sensation of malocclusion is a fairly sensitive diagnostic modality. Mobility of the maxilla with the head stabilized is 
another sign of a significant Le Fort fracture. Palpating the midface for bony step-offs, especially in the vicinity of the 
orbital rims, is important as well. Decreased sensation in the distribution of the infraorbital nerve is a sign of an upper 
midface or orbital floor fracture. Inspection of the oral and nasal mucosa is important to rule out palatal fractures and 
nasal septal hematomas respectively. Evaluation of the eye is incredibly important and should be performed by an 
ophthalmologist as well if injury to the globe is suspected. Subconjunctival hemorrhage is almost pathognomonic for a 
ZMC fracture. Acute enopthalmos and signs of extraocular muscle entrapment are strongly suggestive of an operative 
orbital floor fracture. Finally, evaluation of the facial width and malar projection will help diagnose zygomatic arch and 
zygomaticomaxillary complex fractures.

 6. What is the characteristic deformity associated with an untreated Le Fort I fracture?
Midface retrusion and elongation with an anterior openbite.

 7. What if loose teeth are associated with a maxillary fracture?
Teeth maintained by even a small blood supply can potentially survive. The outlook depends on both the condition 
of the tooth and the quality of the surrounding alveolar bone. The teeth should be placed carefully in occlusion and 
splinted not only with arch bars but also with an interocclusal splint to immobilize the teeth as carefully as possible. 
The patient should receive antibiotics, maintain oral hygiene, and be referred to a dentist as soon as possible.

 8. What should one do with a tooth that has been completely pulled out of its socket?
The tooth should be placed in either sterile saline or, if that is not available, milk. If replaced promptly (<30 minutes) into 
the socket, a certain number of teeth will survive but will require subsequent root canal.

 9. What imaging test should be obtained in patients with a suspected maxillary fracture?
A high resolution computed tomographic (CT) scan with either 1.5- or 3-mm cuts should be performed on all patients 
with significant facial trauma. Ideally, this should be performed at the time of the initial head CT during the trauma 
evaluation. Radiographic evaluation should include all structures from the inferior border of the mandible to the superior 
aspect of the frontal sinus. The scan should be reformatted to obtain coronal, sagittal and three-dimensional views. 
A panorex may also be obtained to evaluate the mandible and teeth in their entirety.

10. What are the goals of panfacial fracture management?
The most critical goals of panfacial fracture management include the restoration of proper occlusion, the reconstruction 
of the facial support system, and the preservation of function. Achieving the best aesthetic result possible is extremely 
important as well. 

Once a diagnosis is established and it is determined that surgical intervention is indicated, several vital surgical 
concepts should be followed. Early one-stage operative repair with wide subperiosteal exposure through well planned 
incisions should be performed. Precise anatomic reduction must be achieved prior to rigid fixation. Osteotomies may be 
performed to help restore correct anatomic alignment when appropriate. Immediate autologous bone grafting should be 
performed if necessary. Finally, resuspension and definitive closure of the soft tissue is vital to the proper management 
of these injuries.

11. What incisions are necessary for adequate fracture exposure?
The type of incision used is determined by the location of the fracture. A coronal incision provides the most extensive 
exposure of the frontal sinus, NOE complex, orbits, and zygoma. This is the incision of choice for large pan-facial 
fractures.

The orbital floor and inferior orbital rim can be approached through a transconjunctival, subciliary, or lower eyelid 
incision (5-7 mm below the ciliary margin). Subciliary incisions are associated with the highest incidence of lower eyelid 
ectropion and have been increasingly replaced by the lower eyelid incision, which carries the lowest risk of ectropion 
while providing the best exposure. 

Fractures in the zygomaticofrontal region can be accessed through a lower eyelid or lateral brow/upper blepharoplasty 
incision. Isolated, depressed fractures of the zygomatic arch can be approached through a Gilles, or temporal hairline, 
incision. A coronal incision, however, is necessary when wide exposure of the arch is required.

The zygomaticomaxillary and nasomaxillary buttresses, in addition to the pyriform rim, are easily approached through a 
superior gingivobuccal sulcus incision. 
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12. What would you do if you were operating on a patient with a displaced, impacted 
Le Fort I fracture that could not be reduced? Why is it important to reduce it?
Initially, mobilization of the maxilla can be attempted with Rowe forceps. If the maxilla does not easily reduce, proceed 
with a Le Fort I osteotomy. If the maxilla is not reduced before placing the jaws in maxillomandibular fixation, the 
mandibular condyles may become unseated from the glenoid fossa. This would result in malocclusion. In addition, 
incomplete reduction of an impacted fracture would result in a decrease in maxillary height.

13. What is the order of fixation of multiple fractures of the mandible, maxilla, and orbit?
Fixation of pan-facial fractures often begins with making a dental model to assist with obtaining proper 
intraoperative occlusion. Once in the operating room, begin with a coronal incision for adequate exposure of all 
fractures. We prefer to work from the top down. Begin with the orbits and zygoma, using the zygomaticosphenoid 
suture and the lateral orbital wall to assess the reduction. This reestablishes the anteroposterior projection of 
the face and correctly orients the zygomaticomaxillary complex. Bone grafting of the orbital floor fracture can be 
performed once the ZMC is rigidly fixed. Next, the vertical height of the face can be assessed. If both condyles are 
fractured they must be reconstructed. The teeth are then brought into proper occlusion, using a preformed splint 
if available, and secured via maxillomandibular fixation. Any further mandibular fractures are reconstructed at this 
time. Once the AP projection and vertical height of the face are reestablished and the patient is in proper occlusion, 
the maxillary buttresses are stabilized with rigid fixation and bone grafts if needed. The patient is then taken out of 
MMF and proper occlusion is reassessed. Finally, the nasal bones are assessed and any reductions or bone grafts to 
the nose can be performed last.

14. When should bone grafts be used in the treatment of maxillary fractures?
Primary bone grafting should be performed when there is insufficient bone to repair any of the major buttresses of the 
maxilla, with the exception of the pterygomaxillary buttress. In addition, bone grafts should be used to replace bone in 
the anterior maxillary wall to support the overlying soft tissue. If repair of an orbital floor fracture is indicated, primary 
bone grafting should be performed in this location as well.

15. What are the indications for exploration and repair of orbital floor fractures?
The decision to explore and repair orbital floors in the setting of facial trauma is made based on both imaging studies 
and clinical exam. Clinically, patients with evidence of acute enopthalmos or restricted globe range of motion secondary 
to extraocular muscle entrapment have indications for operative intervention. Radiographic evidence of a significant 
fracture as demonstrated by a defect greater than 2 cm on CT scan is an indication to operate as well. Finally, the orbital 
floor should be explored if surgical repair is indicated in the treatment of any other midfacial fracture and exposure to 
the floor is already provided.

16. What material should be used for reconstruction of internal defects in the orbital 
cavity, such as the medial orbital wall and orbital floor?
Many substances are available for use in orbital reconstruction. The best material, however, is still the patient’s own 
bone. Autogenous bone can be harvested quickly and easily by a well trained plastic surgeon. Bone can be contoured 
to fit any defect and it is associated with the lowest rate of long-term complications, including infection and extrusion. 
Other materials, including titanium mesh and Medpor, can be used; however, late prosthetic infection and extrusion will 
remain a possibility for the remainder of the patient’s life.

17. What is the preferred donor site for bone grafts for the orbit and maxilla?
The bone grafts most commonly used for facial reconstruction include split calvarial, iliac crest, and rib. Each site 
provides adequate bone with minimal morbidity when harvested properly. Calvarial bone is used most frequently. 
It should be harvested from the non-dominant parietal area. The surgeon should avoid bone overlying the sagittal sinus, 
in the relatively thin temporal area and along the coronal suture.

18. When is intermaxillary fixation properly required after a maxillary fracture?
If an isolated maxillary fracture is repaired properly with rigid internal fixation, resulting in stable occlusion at the end of 
the operation, the patient should not require intermaxillary fixation. If, however, the maxilla is severely comminuted and 
the mandible is involved as well, a course of intermaxillary fixation may be indicated.

19. When miniplates and screws are used to obtain rigid internal fixation for maxillary 
and orbital fractures, should they be removed later?
In general, it is not necessary to subject a patient to a second operation to remove hardware. This is especially true if 
a low profile plating system was used. If, however, hardware is bothersome to a patient due to palpability or visibility, 
then removal is not unreasonable provided sufficient time for fracture healing has occurred. Biodegradable plates 
may be useful in pediatric craniofacial surgery since permanent fixation in the setting of facial growth is not ideal. 
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20. What is the cause of permanent diplopia after orbitozygomatic fractures?
Initial transient diplopia is present in a significant percentage of patients due to the edema associated with facial trauma. 
Permanent diplopia, however, may be caused by mechanical globe restriction that results from entrapment and/or 
injury to the inferior oblique or inferior rectus muscle, Lockwood’s ligament, Tenon’s capsule, or the periorbital fat. 
Nonrestrictive causes of diplopia include injury to extraocular muscles, neural injury or an increase in orbital volume 
secondary to a displaced orbital floor.

21. What are the causes of late enophthalmos?
Late enophthalmos is the result of an increase in orbital volume causing the globe to be recessed within the orbit. This 
most commonly occurs after the initial edema from a facial trauma resolves in the setting of a significant orbital floor 
fracture. Other causes of increased orbital volume include orbital fat necrosis and extraocular muscle atrophy. 

22. What is the treatment of progressive loss of vision after blunt facial trauma?
Visual loss in the setting of facial trauma should be evaluated immediately by an ophthalmologist. Interventions 
to prevent progression of visual loss vary based on the etiology but include high doses of steroids and surgical 
decompression.

23. What are the contraindications to immediate treatment of panfacial fractures?
Operative treatment of pan-facial fractures should be delayed in the setting of an unstable patient. Trauma patients 
should undergo an advanced trauma life support (ATLS) protocol evaluation and be cleared by a neurosurgeon, trauma 
surgeon, and ophthalmologist if indicated prior to performing any facial bone repair. Life- and vision-threatening injuries 
must obviously be treated first.
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Fractures oF the Mandible

 1. What is the anatomy of the mandible?
The mandible is the largest and strongest of the facial bones. It consists of a basal bone and three processes. The basal 
bone extends from the symphysis at the chin to the lateral condyles on each side. In addition, it contains a horizontal 
portion, the body, and two perpendicular portions, the rami, which join the body at nearly right angles. The processes 
include the alveolar process, to which the teeth are attached; the coronoid process, to which the temporalis is attached; 
and the angle, to which the masseter and medial pterygoid muscles attach. The temporomandibular joint (TMJ) is a 
hinge joint to which the transverse head of the lateral pterygoid muscle attaches (Fig. 49-1).

 2. What are the five Ps of mandible fractures?
1. Panorex: Panoramic roentgenography produces a survey of the tooth-bearing portions of the maxilla and 

mandible. This information can be used to evaluate the fracture sites, position of the fragments, and 
postoperative healing. (Computed tomographic [CT] imaging of the mandible has largely replaced Panorex at 
many institutions.)

2. Penicillin: Drug of choice to combat the constant percolation of oral microorganisms. This, coupled with the 
continuous disruption of vascular ingrowth and osteolysis, is the most common and predictable source of fracture 
infection. The microorganisms most often encountered in the oral cavity are streptococci and Bacteroides sp.

3. Peridex: Peridex is an oral rinse containing 0.12% chlorhexidine gluconate. Approximately 30% of the antimicrobial 
active ingredient is retained after rinsing. The retained drug is then slowly released in oral fluids.

4. Preoperative Workup: The physician who first examines a patient with a mandibular injury should examine all of 
the soft tissues thoroughly, evaluate the current status of dental hygiene, examine the teeth for evidence of trauma 
(chipped, mobile, displaced), evaluate the mandible for discontinuity with a bimanual examination, and look for 
ecchymosis in the floor of the mouth. Deviations in mandibular movements and malocclusion are the sine qua non of 
mandible fractures.

5. Postoperative Instructions: Emphasize vigorous oral hygiene, oral antibiotics, mechanical soft diet, and the 
importance of follow-up examinations.

 3. List the clinical signs that may be associated with mandibular fractures.
 • Changes in occlusion
 • Changes in mandibular excursions: Limited opening, deviation
 • Step in occlusion
 • Ecchymosis of the floor of the mouth, mucosa, or skin
 • Soft tissue bleeding
 • Soft tissue swelling
 • Palpable fracture line
 • Crepitation on manual palpation
 • Sensory disturbances
 • Trismus
 • TMJ disorders
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coronoid process
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alveolar process

Region of the
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of the
angle
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the body

Figure 49-1. Regions of the mandible. 
(From Manson PN: Facial injuries. In 
McCarthy JG [ed]: Plastic Surgery. 
Philadelphia, WB Saunders, 1990, p 931, 
with permission.)
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A B C D

Figure 49-2. Favorable versus unfavorable fractures. A, Horizontally unfavorable fractures extend downward and posteriorly. B, Horizontally 
favorable fractures extend downward and forward. C, Vertically unfavorable fractures extend forward and medially. D, Vertically favorable 
fractures extend from the lateral surface of the mandible posteriorly and medially. Arrows indicate the direction of muscle pull. With 
unfavorable fractures, the direction and bevel of the fracture line do not resist displacement by muscular action. With favorable fractures, 
the bevel and fracture line resist displacement and oppose muscular action. Fractures beveled in this direction tend to impact the fractured 
bone ends. (From Manson PN: Facial injuries. In McCarthy JG [ed]: Plastic Surgery. Philadelphia, WB Saunders, 1990, p 940,  
with permission.)

 4. Why does ecchymosis occur in the floor of the mouth in mandible fractures?
Bleeding caused by the fracture is trapped by the fanlike attachment of the mylohyoid musculature to the mandible. 
This condition presents clinically as ecchymosis in the floor of the mouth.

 5. What percentage of mandibular fractures are multiple?
More than 50% of mandible fractures are multiple. For this reason, if one fracture is noted along the jaw, the patient 
should be examined closely for evidence of additional fractures. Radiographic films must be scrutinized carefully for 
discrete fracture lines.

 6. What percentage of patients with mandibular fractures present with concomitant 
cervical spine injuries?
Associated injuries are present in 43% of all patients with mandibular fracture, most of whom were involved in vehicular 
accidents. Cervical spine fractures were found in 11% of this group of patients. It is imperative to rule out cervical spine 
injury, especially in patients who are intoxicated or unconscious. Posteroanterior and lateral films should be reviewed 
with the radiologist before treatment is initiated.

 7. Describe the biomechanical response of the mandible to trauma.
The two principal components involved in fractures of the mandible are the dynamic factor (blow) and static factor 
(jaw). The most common causes are altercations (47.5%) and automobile accidents (27.3%). The location, intensity, 
duration, and direction of the traumatizing force, with respect to the physical properties of the mandible, influence 
its biomechanical response. The condylar region of the mandible has the smallest cross-sectional area and the 
least ability to bend of any region of the mandible. Force applied to the chin shows a high frequency of condylar 
neck fractures (72%). A severe force can push the condylar fragments out of the glenoid fossa. Body and angle 
fractures usually result from direct impact over these regions and are more often unilateral. Angle fractures are 
often associated with a parasymphyseal fracture on the contralateral side. The dynamic factor is characterized by 
the intensity of the blow, its duration, and its direction. Whereas a light blow may cause a greenstick fracture, a 
heavy blow may cause a compound, comminuted fracture. The direction of the force largely determines the location 
of the fracture.

 8. What is the concept of favorable and unfavorable fractures?
A fracture is classified as favorable when the direction of the line of the fracture does not allow independent muscular 
distractions. An unfavorable fracture occurs when the line of fracture permits the fragments to separate. The four 
muscles of mastication are the temporalis, masseter, and medial and lateral pterygoids. These muscles exert their 
forces on the mandibular fragments after fracture, leading to malocclusion. At the mandibular angle, the posterior 
fragment is elevated and drawn forward by the action of the medial pterygoid and masseter muscles. The unfavorable 
oblique fracture is caused when the line of fracture runs from anterosuperior to posteroinferior. However, if the 
inferior border fracture occurs further anteriorly and the line of fracture extends in a distal direction toward the ridge, 
a favorable fracture is seen. The angle of the anteroinferior portion locks the posterior fragment mechanically to 
withstand upward muscular pull. Most angle fractures are horizontally unfavorable fractures. Medial displacement 
may be considered in a similar fashion. Oblique fracture lines can form a large buccal cortical fragment that prevents 
medial displacement. A bird’s eye view reveals that a vertically unfavorable fracture line extends from a posterolateral 
point to an anteromedial point. No obstruction counters the action of the lateral pterygoid and mylohyoid muscles, and 
the posterior fragment is shifted medially. The forces of the lateral pterygoid muscle frequently result in anterior and 
medial displacement of the condyle in the presence of a subcondylar fracture. A vertically favorable fracture extends 
from an anterolateral to a posteromedial point (Fig. 49-2).
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 9. How is the interocclusal distance measured?
The interocclusal distance is measured as the distance between the incisal edges of the maxillary and mandibular 
central incisors at the midline. Normal interocclusal distance is approximately 3 to 4.5 mm.

10. Why is Angle classification of malocclusion so important?
Edward Angle, who presented his classification of dental malocclusion in 1898, recognized that facial balance was ideal 
when the midfacial position was in a harmonious relationship to the mandible. Angle noted that the most pleasing facial 
profile occurred when the supraorbital ridge, subnasal area, lower lip, and chin fall on a straight line. The engraving 
made by Angle illustrated how the normal occlusal relationships between the maxilla and mandible resulted in this 
profile.

11. How is malocclusion classified?
Normal occlusion occurs when the mesiobuccal cusp of the upper first molar is received in the buccal groove of the 
lower first molar (Angle class I occlusion). An Angle class II malocclusion exists when the lower molars are displaced 
distally so that the mesiobuccal developmental groove fits under the distal cusp of the upper first molar or even further 
back, giving the profile of the classic retrognathic appearance. The Angle class III malocclusion is characterized by 
mandibular prognathism. The lower dental arch is carried forward so that the mesiobuccal developmental groove of the 
lower molar may be under the upper second bicuspid or even the first.

12. Does mixed dentition play a role in mandible fractures?
The mixed dentition stage is the age at which both deciduous and secondary teeth have erupted in the oral cavity. With 
children, fractures of the mandible are complicated by the presence of mixed dentition with teeth in various stages of 
eruption; thus the malocclusion cannot be easily evaluated. It should be emphasized that developing tooth buds may 
react in many unfavorable ways after disturbance. Roentgenograms may be misleading when undisplaced fractures are 
covered by developing tooth buds. Primary teeth lend themselves to wiring procedures for stabilization; however, only a 
few teeth may be present for attachment of fixation.

13. How do pediatric mandibular fractures differ from adult mandibular fractures?
Mandibular fractures are far less common in children than in adults. Greenstick fractures of the mandible, particularly in 
the condylar region, are relatively common in children. The increased ossification capability of the juvenile periosteum 
allows faster healing and distinguishes it from the adult mandible. As a result, many mandible fractures in children can 
be treated with immobilization for a short period. Direct osteosynthesis is reserved for displaced fractures. Problems 
with osteosynthesis in children include the need to avoid damage to developing tooth buds.

14. What is intermaxillary fixation?
Intermaxillary fixation (IMF) refers to an era when the mandible was known as the inferior maxilla. Current terminology 
includes maxillomandibular fixation (MMF), IMF, and interdental fixation (which is used in the Current Procedural 
Terminology coding system). IMF is obtained by applying wires or elastic bands between the upper and lower jaws to 
which suitable anchoring devices can be attached. Arch bars are a common method for obtaining IMF. The application of 
IMF screws is another commonly used method.

15. What is the basic sequence of treatment in mandibular fractures?
1. Establishment of dental occlusion
2. Exposure of fracture site
3. Reduction of fracture—closed or open
4. Rigid internal fixation, if needed

16. What is the spherical sliding principle in rigid osteosynthesis of mandible fractures?
Dynamic and eccentric compression plates create interfragmental pressure by the spherical sliding principle. The 
practical application of this principle is based on clinical and experimental evidence that bone fragments immobilized 
with interfragmental pressure greater than the forces tending to displace the fragments will mend by primary bone 
healing without callus formation. In the technique of rigid fixation with a compression plate, the vertical movement of the 
screw is changed to a horizontal compression force vector as the screw head follows the incline of the screw hole. Thus 
the fragments are reapproximated with interfragmental pressure as the screw head is tightened.

17. What are the concepts of “zone of compression” and “zone of tension” in the 
treatment of mandible fractures with internal fixation?
The mandible is subjected to forces created by the muscles of mastication and reaction forces applied to the TMJs and 
the teeth. These forces create zones of stress within the mandibular fragments after fracture. The zones of stress can 
be classified as either compressive or tensile. In the zone of compression, the forces on the fracture site are such that 
the fragments are brought together. In the zone of tension, the forces on the fracture site are such that the fragments 



323CRANIOFACIAL SURGERY II—TRAUMATIC

are pulled apart. Using the straight cantilever model, stresses on the upper border of the mandible are tensile whereas 
stresses on the lower border of the mandible are compressive. To avoid the separation of fracture fragments at the zone 
of tension, frequently located at the alveolar border, placement of a tension band is necessary. This can take the form of 
arch bars, dental splints, or osteosynthesis plates. Compression plates then can be placed on the inferior border of the 
mandible corresponding to the zone of compression. More recent three-dimensional models have demonstrated that 
the biomechanical forces on the mandible are more accurately demonstrated with a suspended beam model rather 
than the cantilever model.

18. What is the incidence of fractures in the different areas of the adult mandible?
 • Angle: 31%
 • Condyle: 18%
 • Molar region: 15%
 • Mental region: 14%
 • Symphysis: 8%
 • Cuspid: 7%
 • Ramus: 6%
 • Coronoid process: 1%

19. What complications are associated with repair of mandibular fractures?
Infection, malocclusion, tooth injury, delayed union, nonunion (pseudoarthrosis), osteomyelitis, inferior alveolar, and facial 
nerve injury. Of these, infection is one of the most problematic; it is the most frequent complication and is an important 
cause of nonunion.

20. What risk factors increase the possibility of infection with mandibular fractures?
Infected mandibular fractures are encountered in patients who sustain facial trauma and fail to seek immediate 
treatment. Mucosal tears and fractures extending through the periodontal ligament produce contamination of the 
fracture by oral flora. Therefore fractures that occur through the tooth-bearing area should be regarded as contaminated. 
Soft tissue injury also has been shown to be a key factor in infection rates. Bony sequestra, devitalized teeth, and 
hematoma also contribute to infection. Movement at the fracture site due to loose, mobile hardware, such as a loose 
screw in an otherwise stable plate, may cause infection in the presence of bacterial contamination. Poor oral hygiene is 
a major key to infection.

21. What role does dentition play in mandibular fractures?
The body of the mandible (molar, mental, cuspid regions) is involved frequently in mandible fractures (36%) because of 
the lines of trajectory that pass along the longitudinal axis of the teeth. Several factors influence the location of mandible 
fractures, including site, force, direction of impact, and presence of impacted teeth. When a force is distributed to the 
mandible, the mandible fractures at its weakest point. The weakest points are at the angle of the mandible (third molar) 
and the canine region (tooth length 26 mm).

22. What treatments are ideal for symphyseal and parasymphyseal fractures?
Wire osteosynthesis alone may not provide rotational stability; thus symphyseal and parasymphyseal fractures should 
be treated with compression plates. In addition, the bilateral posterior and lateral pull exerted by the mylohyoid and 
digastric muscles contributes to displacement of the fragments. Once MMF is obtained, the incision in the mucosa is 
made deep into the labial–alveolar sulcus, taking care to leave sufficient attached gingival mucosa to enable closure 
without tension. The mandible is degloved, taking the utmost care not to injure the mental nerve. The bone fragments 
are then reduced with bone forceps and secured, if necessary. Next a compression plate is contoured to the mandible, 
and two screws are placed on each side of the bony plate to ensure compression and stability.

23. What techniques are used for fractures of the condyles?
Condylar process fractures are common (18%) and are classified by fracture level, anatomic displacement, and position 
of the condyle. Generally, they are treated by MMF alone. Immobilization usually ranges from 2 to 4 weeks for isolated 
fractures. Duration depends on type of dentition, level of the condylar fracture, degree of dislocation of the condylar 
head, and presence of other fractures. Condylar fractures differ from mandibular body fractures in that MMF is of 
shorter duration to prevent pathologic changes in the TMJ. MMF may not be needed for unilateral condylar fractures in 
edentulous patients because small occlusal discrepancies can be corrected on renewal of the dentures.

24. What muscle is primarily responsible for condylar displacement in patients with a 
subcondylar fracture?
The lateral pterygoid is the only muscle that inserts directly on the neck of the mandibular condyle. The forces of 
this muscle frequently result in anterior and medial displacement of the condyle in the presence of a subcondylar 
fracture.
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25. What are the indications for open reduction internal fixation of condylar fractures?
 • Displacement into the middle cranial fossa
 • Presence of foreign body thought to require removal (gunshot pellets)
 • Inability to obtain preinjury occlusion by closed reduction or awake manipulation
 • Extracapsular lateral displacement of the condylar fragment
 • Severe angulation of the condyle
 • Condyle outside the glenoid fossa

26. How do you repair edentulous mandible fractures?
Occlusion cannot be achieved because of the lack of teeth for fixation and alveolar ridge atrophy. If wearable dentures 
are present, the mandible may be effectively fixed by the application of circumdental wires. Splints or fabricated acrylic 
saddles may ensure reduction and stabilization. Edentulous mandibular fractures may be good candidates for open 
procedures. Advantages include direct visualization, excellent stability of the fixed segments, early return of masticatory 
function, and stimulation of osteogenesis by the use of compressive forces. Open procedures also reduce the incidence 
of injury to the inferior alveolar nerve, located at the superior border of the atrophic mandible. Conservative periosteal 
stripping is paramount. Two-plate internal fixation is advisable. Lag screws also can be used for edentulous fractures. 
Generally, they are best suited for fractures of the symphyseal region, where both the buccal and lingual cortices can be 
engaged.

27. Before the application of MMF, how do you establish a patient’s pretraumatic 
occlusion?
Occlusal wear facets occur because of the constant action of the tooth cusps rubbing across one another. Occlusal 
wear patterns on the teeth should be noted because they relate to the normal movement of the mandible. By lining up 
the coinciding wear facets of the interdigitating maxillary and mandibular teeth for MMF, the surgeon can estimate the 
patient’s normal occlusion.

28. What are the indications for removal of teeth involved in fracture lines  
in the mandible?
 • Severe loosening of the tooth with chronic periodontal disease
 • Fracture of the root of the tooth
 • Extensive periodontal injury and broken alveolar walls
 • Displacement of teeth from their alveolar socket.
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ManageMent of Panfacial fractures

 1. What is a panfacial fracture?
A panfacial fracture involves injury to the facial skeleton with fractures located in the upper, middle, and lower face. 
The upper face is made up of the frontal bone, including the frontal sinus. Fractures of the midface are located between 
the zygomaticofrontal suture and the maxillary occlusal plane, including fractures of the orbits, zygomatic bones, 
nasoorbitoethmoidal complex, and maxilla. Injury to the lower face consists of fractures of the mandible.

 2. Describe the mechanisms of injury necessary to produce panfacial fractures.
High-energy injuries, such as motor vehicle crashes, falls from a significant height, aggressive interpersonal violence, 
and other blunt forces, result in panfacial fractures. A gunshot wound produces an extreme form of panfacial fracture. 
Because of the energy necessary to produce a panfacial fracture, extensive comminution, soft tissue damage or loss, 
globe injury, brain injury, carotid injury, and other life-threatening conditions may result.

 3. What are the main support structures in the facial skeleton, and how do they relate 
to panfacial fractures?
The craniofacial skeleton contains vertical and horizontal buttresses that provide structural support and resistance 
to external deforming forces. Vertical support includes the zygomaticomaxillary, pterygomaxillary, and nasofrontal 
buttresses. Horizontal buttresses include the frontal bar, infraorbital rims, zygomatic arches, and basal portion of the 
mandible. The relative lack of sagittal support in the central midface makes this region particularly prone to comminuted 
fractures with collapse and loss of projection.

Fracture of a single buttress makes realignment of the craniofacial skeleton fairly straightforward because the 
remaining intact buttresses maintain facial height, width, and projection. However, the patient with panfacial fractures 
typically presents with multiple comminuted fractures of the buttresses; therefore, little frame of reference exists for 
reconstruction in any dimension. Severe comminution or loss of bone may preclude reduction and fixation of a buttress 
with plates and screws alone. Grafting with cortical bone from the calvarium or rib may be necessary and should be 
considered during preoperative planning.

 4. Discuss the types of imaging studies available for the diagnosis and treatment of 
panfacial fractures.
Plain Radiographs: A facial series including at least four views of the skull previously was considered the standard of care 
for maxillofacial imaging. Today, plain radiographs of the skull have limited utility in the management of panfacial fractures 
but may be useful as a screening modality in patients with minor maxillofacial injuries. In the patient with panfacial 
fractures, plain radiographs may aid in defining the spatial relationship of fracture fragments, the degree of comminution, 
and the location of foreign bodies. A mandibular series also may be of benefit, often complementing other imaging studies.

A Panorex is extremely valuable in the diagnosis and treatment of mandible fractures. To obtain a Panorex, the patient 
must be able to sit upright, so the study may be unavailable in the setting of potential spine injury or other serious injuries.

Computed Tomographic Scan: With improvements in imaging techniques, maxillofacial computed tomographic (CT) 
scanning has become the standard of care for significant facial trauma. Advantages of CT scanning include detailed 
visualization of the brain along with osseous and soft tissue structures of the craniofacial region. Image format can 
include axial, coronal, and sagittal views to define anatomic structure in great detail. Three-dimensional reformatting 
may be useful for complex deformities and in planning reconstructive procedures. Coronal images are quite valuable 
and provide detailed views of the mandibular condyles and orbital floors as well as the extraocular muscles and globes, 
which are not as well defined with other imaging techniques. Of note, the axial portion of the scan usually contains the 
images with the highest resolution. Coronal images can be obtained directly during the scan or they can be digitally 
reformatted from the axial data. Reformatted images often have a grainy quality due to lower resolution, making the 
scan less sensitive for the detection of subtle abnormalities. Coronal imaging may require positioning the patient with 
the neck extended and therefore may not be possible in the setting of a potential cervical spine injury. With the patient 
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on a backboard, tilting the board may facilitate adequate positioning to obtain formal coronal CT images. Even with high-
resolution CT scanning, some fractures may be difficult to detect, including fractures of the pterygoid plates, certain 
portions of the mandible, and nondisplaced fractures. Imaging studies always remain an adjunct to physical examination.

Magnetic Resonance Imaging: Magnetic resonance imaging (MRI) may provide further detailed imaging of cerebral 
parenchymal or vascular lesions, but its role in the setting of acute trauma is limited. MRI scanning is costly, and the 
scan itself takes a longer period of time to obtain than a CT. MRI typically is not as useful as CT scanning for evaluation 
of bony structures. For workup of potential vascular injury, angiography remains the standard of care.

 5. What is the optimal timing for repair of panfacial fractures?
Whenever possible, facial fractures are optimally treated within the first few days after injury. Severe facial trauma 
often occurs in the setting of other life-threatening injuries that must be addressed first. Definitive intervention may be 
delayed for up to 2 weeks but is not generally advisable because early soft tissue scarring and callus formation make 
adequate reduction more challenging. Over time, the facial soft tissue envelope contracts and becomes less pliable. The 
skin and soft tissues then are more difficult to redrape over the reconstructed facial skeleton, potentially compromising 
the ability to achieve an excellent or even an adequate result.

 6. Explain the preoperative planning necessary for successful treatment of panfacial 
fractures.
Treatment of panfacial fractures requires thorough preoperative planning. Fractures must be identified and assessed for 
displacement, comminution, and bone loss. Careful physical examination is necessary to determine whether a mildly 
displaced fracture is causing functional or aesthetic deformation. A maxillofacial CT scan along with a Panorex are 
often the only necessary imaging studies. For extremely severe injuries, three-dimensional images may demonstrate 
loss of projection, segmental bone loss, and bony distortion more clearly than two-dimensional images. The potential 
need for bone grafting should be assessed preoperatively and discussed with the patient. Soft tissue coverage may 
be problematic with severe crush injury or gunshot wounds. Options for flap coverage should be reviewed before 
proceeding to the operating room. Fractures of the maxilla and mandible can make establishment of baseline occlusion 
difficult; therefore dental impressions and splints made preoperatively may save valuable time. If intraoperative 
dental impressions or splints may be necessary, additional assistance should be recruited ahead of time and the 
impressions taken early during the case. Preoperative evaluation by other consulting services, including ophthalmology, 
neurosurgery, prosthodontics, dentistry, and general surgery, may reduce the need for intraoperative consultation and 
allow for performance of additional complementary procedures in a combined fashion.

 7. What soft tissue considerations are necessary in the management of panfacial fractures?
Panfacial fractures result from high-energy injuries; therefore, the possibility of significant soft tissue damage or tissue 
loss is much greater than with lower-energy, isolated facial fractures. In the acute setting, determining whether an area of 
soft tissue is viable can be difficult. An initial washout followed by formal operative débridement in 24 to 48 hours allows 
the soft tissue adequate time to declare viability. The soft tissue must be thoroughly inspected and any clearly nonviable 
tissue removed, including scalp, facial skin, and mucosa. In the event of severe tissue crush or extensive contamination, 
serial débridement may be necessary. Primary closure of skin defects is desirable whenever feasible without distortion. 
Local flaps typically are the next best option because they allow tissue to be replaced with nearby tissue of similar 
thickness, color, and texture. Regional and distant flaps or microvascular free tissue transfer occasionally are necessary 
for optimal reconstruction. Mucosal areas or raw intraoral surfaces will granulate and heal by secondary intention and 
may not require further intervention. The facial soft tissue envelope rapidly contracts if the underlying bone volume 
decreases, so definitive reconstruction should be pursued early to allow optimal soft tissue redraping.

 8. What sequence is used in the surgical approach to panfacial fractures?
Several sequences of fracture repair have been described, including top to bottom, bottom to top, lateral to medial, etc. 
Regardless of sequence, repair begins with exposure of the fracture sites and débridement of any nonviable bone or 
soft tissue. Clean bone fragments can be saved and used for bone grafting later in the procedure. Areas of stable bone 
should be determined because they will be used as the starting point for reduction and fixation of unstable bone.

One of the most useful sequences for severe injuries includes beginning with restoration of the maxillary and 
mandibular arches. With severe disruption of the arches, dental impressions are taken and models prepared. The 
models then are cut and used to re-create the occlusal relationship. Palatal and/or lingual splints can be created and 
placed to guide fracture reduction and maxillomandibular fixation. Gunning splints are prepared for the edentulous 
patient. Mandible fractures then are plated, including body, angle, ramus, and subcondylar fractures. The upper face 
is addressed next. Skull fractures are treated, followed by treatment of frontal sinus fractures. Upper facial width is 
addressed through reduction and fixation of the nasoorbitoethmoidal complex. Orbital exploration may reveal fractures 
of the orbital floor or medial wall. Repair continues with reconstruction of the zygomatic complex, which is necessary 
for restoration of facial width. Bone grafts are placed in areas of missing bone or areas requiring additional rigid 
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support. Finally, midface reconstruction is carried out with anatomic reduction of the remainder of the midface, including 
restoration of buttress support. The maxilla is positioned and aligned at first with the reconstructed mandibular arch and 
placed in maxillomandibular fixation. Appropriate repositioning of a free-floating reconstructed maxilla is performed by 
autorotating the maxillomandibular complex to the correct midfacial height.

 9. List the types of incisions that provide access for rigid fixation in the craniofacial skeleton.
See Table 50-1.

10. What types of fixation are available for treatment of maxillofacial fractures?
Rigid fixation with biocompatible plates and screws evolved from earlier fixation methods including interosseous wiring. 
Wiring does not prevent rotation of bone fragments; therefore, satisfactory reduction and fixation often are difficult to 
achieve. Current plating systems include metal alloys (e.g., titanium alloys and Vitallium) that are strong but remain 
sufficiently malleable to allow bending of the plates to conform to bony contour. For maxillary fractures, plates typically 
are 0.7 to 1 mm thick and are used with 2-mm diameter screws. Lower-profile plates are available for areas of the 
facial skeleton with thin skin, such as the nasal dorsum. Fixation of mandibular fractures can be achieved with plates 
1.25 to 3.2 mm thick and 2.3- to 2.7-mm diameter screws. Mandibular reconstruction plates can be used to span 
segmental defects or areas of severe comminution. A reconstruction plate stabilizes the mandible and helps prevent 
collapse of the soft tissue envelope. Absorbable plates and screws have limited application in the management of 
panfacial fractures. External fixation can be used to stabilize fractures, primarily in the setting of severe contamination 
or following removal of infected hardware.

11. Describe the types of splints that may be useful in the management of panfacial 
fractures.
Splints may provide additional support following bone and soft tissue repair. Occlusal splints are used for alignment 
of the maxillary and/or mandibular arches. Nasal trumpets can be used to maintain patency of the nasal airway in the 
setting of soft tissue injury and repair. External nasal splints give added protection following reduction of nasal fractures. 
A prosthesis can be fabricated to act as a spacer, especially in the setting of bone loss. For example, a self-inflicted 
gunshot wound to the face frequently produces loss of a portion of the maxilla and midface not readily amenable to free 
bone grafting. A prosthetic spacer can be placed to prevent contraction of the soft tissue and to maintain facial height, 
allowing more definitive reconstruction in the future. Such future reconstruction may include free flaps, permanent 
prosthesis, and osteointegrated implants.

12. What long-term deformities are potential undesirable outcomes of panfacial fractures?
Following severe injury and reconstruction of the facial skeleton, long-term deformity may result from incorrect 
diagnosis, inadequate fracture exposure or reduction, lack of rigid fracture stabilization and buttress reconstruction, 
and contraction of the soft tissue envelope. Unsatisfactory results typically include increased facial width due to 
flattening of the zygomatic complexes, widening of the nasoorbitoethmoidal region, and lateral migration of the 
mandibular angles. Decreased facial height and loss of projection may reciprocally occur, resulting in a “dish face” 
deformity. A long  face-type deformity may occur with maxillary fractures complicated by downward migration of the 
maxilla. If the fracture is inadequately reduced, the face may take on an elongated appearance.

13. What functional problems may persist even after satisfactory treatment of panfacial 
fractures?
Long-term functional problems frequently occur even after treatment of facial fractures. Problems include diplopia or 
other visual disturbances, enophthalmos, ectropion, abnormal breathing due to disruption of the nasal or oral airway, 
malocclusion, temporomandibular joint dysfunction, difficulties with mastication, and impaired speech.

INCISION STRUCTURES EXPOSED

Coronal Frontal, nasoethmoidal, upper three fourths of orbit, 
nasal root, zygomatic arch, cranial bone for harvest

Upper lid Frontozygomatic suture, lateral orbital rim

Transconjunctival with lateral canthotomy
Subciliary
Subtarsal/mid-lid

Inferior orbital rim, orbital floor

Maxillary gingivobuccal sulcus Maxilla, midfacial buttresses

Mandibular gingivobuccal sulcus Anterior mandible, may visualize up to sigmoid notch

Preauricular/retromandibular Ascending ramus, mandibular condyle

Existing laceration Direct access to underlying structures

Table 50-1. Incisions for Rigid Fixation in the Craniofacial Skeleton
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14. Discuss the role of tracheotomy in the management of patients with panfacial 
fractures.
The patient with panfacial fractures frequently sustains multisystem injury and may undergo tracheotomy due to 
inability to protect the airway or anticipated need for prolonged mechanical ventilation. In this subset of patients, the 
decision to perform a tracheotomy often is independent of the patient’s facial fractures. Airway management in patients 
with panfacial fractures depends on the severity of the fractures and the ability to obtain satisfactory rigid fixation. If a 
patient does not need maxillomandibular fixation to establish occlusion, an oral airway may be sufficient. For edentulous 
patients, maxillomandibular fixation with Gunning splints or dentures can be performed with a space cut out of the 
central denture or splint. The space can accommodate an oral airway, so tracheotomy may not be necessary. An oral 
airway cannot be used in fully dentate patients requiring maxillomandibular fixation. Nasal intubation may be an option; 
however, the nasal airway will make a coronal approach more difficult and is often a necessary approach for panfacial 
fracture management. Severe midfacial injuries, including nasal and nasoorbitoethmoidal fractures, are difficult to 
address with a nasal airway in place. Management of severe panfacial fractures usually involves tracheotomy for 
intraoperative airway management as well as postoperative airway protection.
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Secondary ManageMent of 
PoSttrauMatic craniofacial deforMitieS51

 1. What is enophthalmos?
Enophthalmos can be defined as a retrodisplacement of the globe within the bony confines of the eye socket. It is 
characterized by increased depth and hollowing of the supratarsal fold, decreased anterior projection of the globe, 
shortening of the horizontal dimension of the palpebral fissure, pseudoptosis of the upper lid, and a decrease in the 
canthal angles. Enophthalmos becomes clinically obvious if the anterior globe projection is less than 12 mm or differs 
from the opposite side by 3 mm or more as measured by a Hertel exophthalmometer. The Hertel exophthalmometer 
uses the lateral orbital rim as a reference point. As such, if enophthalmos is associated with a displaced and healed 
orbitozygomatic complex (OZC) fracture, this method of assessment may not be valid due to the malposition of the 
lateral orbital wall.

 2. How does posttraumatic enophthalmos occur?
The major cause of posttraumatic enophthalmos is a volumetric enlargement of the bony orbit. The factors that 
contribute to the development of posttraumatic enophthalmos are as follows:

 • Escape of orbital fat
 • Retention of the globe in a recessed position due to entrapment
 • Fat necrosis
 • Scar contraction
 • Changes in the connective tissue septal support network
 • Enlarged bony orbital volume
 • Change in shape of the orbital contents from a conical to a spherical shape

Several studies have focused on the amount of orbital volume expansion resulting from displacement of fracture 
fragments. An isolated floor displacement of 7 mm resulted in a volume increase of 12%. A 7-mm displacement of 
the lateral wall resulted in a volume increase of 16%. A similar 7-mm displacement of the medial wall caused a 20% 
volume increase. Orbital roof defects with a rim fracture increased orbital volume by 38%. The volume differences 
doubled when the fracture was associated with a corresponding rim fracture.

The main cause for the development of posttraumatic enophthalmos is bony orbital expansion. Failure to restore the 
normal orbital volume either by not recognizing all the ledges of the defect or by inadequate surgical reconstruction 
results in the majority of cases of posttraumatic postsurgical enophthalmos. Specifically, failure to identify the posterior 
bony ledge or to recognize defects in the posterior inferomedial aspects of the orbit is the most common surgical mistake.

Another theoretical cause of enophthalmos include fat atrophy. Although this may occur in some cases of orbital 
fractures, several studies have demonstrated that fat atrophy is significant in only 10% of cases. Neurogenic theories 
of enophthalmos in which fat atrophy occurs secondary to sympathetic nerve disruption have been suggested but have 
no clinical relevance. Malposition of orbital fat from an intraconal position to a dislocated extraconal position has been 
postulated to produce loss of globe support and may contribute to enophthalmos.

Other soft tissue causes include dislocation of the trochlea and of the trochlea and the superior oblique muscle resulting 
in the globe being pulled back into the orbit. Long-standing entrapment of the inferior rectus muscle in an orbital floor 
blowout or trapdoor fracture may have the same effect. Scar contracture of the postbulbar soft tissue with disruption of 
the delicate orbital ligaments and fascial bands that support the globe may pull the globe backward.

 3. What is the treatment of posttraumatic enophthalmos?
Restoration of normal orbital volume is the key to returning the globe to its normal position. Assessment includes a 
computed tomographic (CT) scan to determine the nature of the volume increase and to distinguish between defects of 
the orbital floor or medial wall with tissue herniation and an increase in orbital volume due to a displaced OZC fracture.
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If the OZC is malpositioned, osteotomy and anatomic repositioning of the displaced OZC segment are necessary 
to restore normal orbital perimeters, followed by reconstruction of any floor or wall defects using alloplastic or 
autogenous materials. In the case of an isolated floor or medial wall missed fracture, replacement of intraorbital 
contents by surgical release and reconstruction of wall/floor defects is the preferred management for long-standing 
enophthalmos. This problem is difficult to solve surgically because of scar tissue and retraction of the supporting 
ligaments of the globe; it may require two or, in rare cases, more procedures. Often circumferential subperiosteal 
dissection may be required to mobilize the soft tissue contents of the orbit. Overcorrection of globe position by a few 
millimeters is recommended.

Multiple authors have commented on the difficulty of correcting established enophthalmos, with an average of at least 
two operations necessary to reestablish globe position. This underlies the importance of early primary and definitive 
repair in orbital fracture cases.

 4. Does correction of established enophthalmos improve diplopia?
Posttraumatic diplopia may be classified depending on field of view affected (primary gaze vs secondary gaze) and may 
have a complex etiology. Extraorbital intracranial causes should be ruled out. Intraorbital nerve damage to the cranial 
nerves III, IV, and VI may be due to apical fractures, superior orbital fissure, or orbital apex syndrome. Direct damage 
to the extraocular muscles in the form of laceration, contusion, disruption of attachment, scarring, or compartment 
syndrome may occur. Finally, prolapse or incarceration of the periorbital tissue, delicate connective tissue support 
system, or rarely involving the extraocular muscle (in trapdoor fractures in children) may occur.

This is a difficult question to answer because of the lack of consensus on the matter. However, from the patients’ 
point of view it is an important question to address because relief from diplopia may be the prime reason why patients 
consider surgical reconstruction.

A review of the literature reveals that in five studies examining the effects of late surgical reconstruction of orbital 
fractures, after correction of enophthalmos, between 50% (8/16) and 90% (10/11) of patients with preoperative diplopia 
had complete postoperative resolution of diplopia. However, in one study by Hammer and Prein, although 5 of 9 patients 
who underwent operation for late enophthalmos had improvement, no patients had complete resolution of preoperative 
diplopia. It is also important to recognize that worsening of preoperative diplopia was documented in 35% (6/21) of 
patients in a study of enophthalmos correction by Iliff.

The presentation of enophthalmos with diplopia should be investigated with CT orbital imaging and preoperative 
ophthalmologic assessment including visual fields. It is generally recommended that orbital reconstruction be the first 
step toward the resolution of diplopia, except in cases of mild (<3 mm) enophthalmos or diplopia in secondary fields 
of gaze. Following bony orbital reconstruction, residual symptoms of diplopia can be managed simply by prism or 
extraocular muscle surgery. Reassuring the patient that enophthalmos correction is a guarantee of diplopia resolution is 
not recommended.

 5. What is telecanthus?
Telecanthus is a palpebral anomaly that can be defined as an increased distance between the medial canthi. It may be 
unilateral or bilateral. Isolated telecanthus is rare. It may be seen as a finding in blepharophimosis syndrome, canthus 
inversus, or Waardenburg syndrome in association with epicanthal folds and overlapping of the caruncles. Telecanthus is 
produced by an abnormal insertion or length of the medial canthal tendons. The distance between the inner canthi can 
be determined by the “rule of fifths,” in which the face is divided sagittally into five equal parts between the two helices. 
Each of the fifths should be equivalent to the width of one eye (Fig. 51-1).

Telecanthus should be differentiated from hypertelorism (hypertelorbitism), which is an increased distance between 
the bony orbits taken at the region of the dacryon (lacrimal crest) and an associated increase in interpupillary distance. 
Tessier distinguished among varying severities of hypertelorism as first degree (30–34 mm interorbital distance [IOD]), 
second degree (35–40 mm IOD), and third degree (>40 mm IOD). Some believe that a distinction should be made between 
orbital hypertelorism in which there is true lateral displacement of the entire orbit and interorbital hypertelorism in which 
the distance between the medial walls is increased but there is no divergence of the orbital axes and lateral 
orbital walls (Fig. 51-2).

Traumatic telecanthus is the result of facial injuries due to either the medial canthal tendon being lacerated or avulsed 
from its bony attachments around the lacrimal crest or displacement of the nasoorbital component following a 
nasoorbitoethmoidal (NOE) fracture (Fig. 51-3). The medial canthus may be displaced as much as 30% of the normal 
palpebral width, and normal interpupillary distance may be maintained.
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Figure 51-1. Image of a face divided vertically into equal fifths.

Normal

Epicanthal fold

Telecanthus

Hypotelorism

Hypertelorism

Figure 51-2. Differentiation of eye malposition.

Figure 51-3. Right-sided telecanthus in a 
4-year-old girl after a right nasoorbitoethmoidal 
fracture.
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 6. What are the features of the secondary deformity from an untreated NOE fracture?
The NOE complex forms the central portion of the midface region. Fractures of this area usually are high velocity, and 
the incidence of concomitant injuries such as brain contusion is high. The hallmark of a NOE fracture involves the 
region of the medial canthal insertion into the region of the lacrimal crest and has been classified on the basis of the 
size of bone fragment attached to the medial canthus. The fracture pattern involves the medial orbital wall, nasal bone 
complex, and medial orbital rim, and often is associated with a frontal sinus fracture.

The secondary deformity following an untreated NOE fracture manifests according to the severity of the original injury. 
Enophthalmos is present as the result of a medial orbital wall fracture with increased severity depending on the degree 
of displacement of the orbital rim. An element of vertical globe dystopia may be present. Telecanthus occurs as the 
result of splaying of the nasal bone component and lateral displacement of the medial canthal tendon. Blunting and 
scarring of the medial canthal region is seen as well as loss of the normal contours of the nasoorbital valley, which may 
be unilateral or bilateral. There is flattening and widening of the nasal dorsum, an acute nasofrontal angle in association 
with cephalic rotation of the nasal tip and an increase in the columellar labial angle. This occurs as a result of loss of 
support along the nasal base and telescoping superiorly and may be compounded by severe septal comminution with 
loss of mid-third nasal support. Furthermore, lacrimal drainage problems may occur with epiphora and/or mucocele. 
Anosmia may be present as the result of cribriform plate fractures and damage to the olfactory nerve.

 7. How do you treat the secondary deformities of a NOE fracture?
Treatment aims in the management of the secondary deformities of a NOE fracture are directed at restoring globe 
position to normal, restoration of normal intercanthal distance, and reconstruction of the nasal dorsum. The key 
in approaching this problem is careful clinical examination and preoperative imaging with axial, coronal, and 
 three-dimensional CT scans allowing identification of the extent of the fracture pattern.

Restoration of normal globe position and correction of enophthalmos associated with a NOE fracture involves identifying 
defects involving the medial orbital wall, replacing herniated periorbital soft tissue within the orbital confines, and 
reconstructing the defects with alloplast or allograft. Displacement of the medial orbital rim may require a segmental 
osteotomy for repositioning. Correction of telecanthus is dependent on the fracture pattern, as segmental osteotomy 
with preservation of canthal attachments and restoration of anatomic alignment will restore normal intercanthal 
distances in the event of a type I NOE fracture. With significant comminution of the medial rim, the medial canthal 
tendon may have to be detached from the small bony fragments and a transnasal canthopexy performed using either a 
small titanium bone anchor or a transnasal wire. Restoration of normal canthal position may be difficult because of poor 
bone stock along the medial wall. An effort must be made to place the medial canthal ligament posterior to the lacrimal 
crest and avoid a tendency to place the ligament too far anteriorly. Postoperative relapse of telecanthus may be avoided 
by the judicious use of percutaneous lead plates for a period of time. Finally, a cantilever bone graft can be used to 
reconstruct the nasal dorsum and restore the frontal–nasal angle. Narrowing of the nasal base can be accomplished by 
lateral wall nasal osteotomies.

 8. Following treatment of a NOE or medial orbital fracture, what happens to the 
lacrimal drainage system?
The nasolacrimal drainage system is intimately associated with the medial orbital wall and is located in the lacrimal 
fossa. It is protected by the medial canthal ligament. Studies have demonstrated that even in severe NOE injuries, 
the nasolacrimal system injury is less common than expected. In one study of 46 patients with severe NOE fractures, 
only 17.4% eventually required dacryocystorhinostomy for nasolacrimal duct obstruction. Postoperative epiphora was 
more commonly due to eyelid malposition than nasolacrimal duct obstruction. Obstruction usually occurs in the bony 
nasolacrimal canal, and open reduction internal fixation in anatomic position of the bony fragments may reduce the 
incidence of obstruction. Obvious lacerations of the nasolacrimal duct and sac identified at the time of bony repair 
should be managed with repair and intubation, but prophylactic intubation is not necessary.

 9. What is a growing skull fracture?
Growing skull fractures or craniocerebral erosions are rare sequelae of cranial fractures in which progressively growing 
cranial defects follow lacerations involving the dura mater. Growing skull fractures occur nearly exclusively in young 
children. The incidence of growing skull fractures ranges from less than 0.05% to 1.6%. They present as a cystic, 
nontender swelling with an underlying palpable bony defect. Falling is the most common cause of skull fracture. 
They may develop in any region in which there is a fracture with underlying dural injury, but most occur in the parietal 
regions. Rare cases of pulsatile exophthalmos following the development of an orbital growing skull fracture have been 
described. In most cases, the extent of the dural defect is greater than that of the bony defect.

Growing skull fractures should be suspected in children younger than 3 years with a palpable mass. Diagnosis is 
demonstrated by CT or magnetic resonance imaging (MRI), which shows a bony defect and underlying brain herniation 
(Fig. 51-4). Treatment principles involve duraplasty with/without cranioplasty depending on the age of the child. 
Rarely, cerebrospinal fluid (CSF) shunting is required.
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 10. Discuss the pathophysiology of the posttraumatic temporal contour deformity.
Temporal contour deformity is defined as a concavity or depression in the temporal region located superior to the 
zygomatic arch and immediately posterior to the lateral orbital rim. It usually is iatrogenic in origin. The site of the 
contour deformity gives some clue as to its etiology. A defect along the line of origin of the temporalis muscle may 
occur from an overzealous approach to the temporal fossa after a craniotomy for bleeding where the temporalis muscle 
is divided or denervated along the incision line. Failure to resuspend the temporalis muscle from its origin along the 
superior temporal line or its attachment to the lateral orbital rim may lead to a dehiscence and inferior displacement 
of the muscle.

The deformity can present as a consequence of extended coronal flap elevation for exposure of the lateral craniofacial 
skeleton and zygomatic arch. It is imperative to protect the superficial temporal fat pad during dissection to the 
zygomatic arch. This can be accomplished by staying on the superficial surface of the deep temporal fascia until the 
zygomatic arch is identified and incising directly through the fascia overlying the arch or alternatively incising the fascia 
1 cm above the arch and continuing the plane of dissection above the fat pad. MRI studies have demonstrated that the 
etiology of temporal contour deformity after extended coronal flap elevation is related to a decrease in volume due to 
injury-induced atrophy and/or inferior displacement or prolapse of superficial fat pad.

Treatment involves alloplastic augmentation of the defect, usually in a submuscular plane. Attempts at resuspending a 
dehisced temporalis muscle are unsatisfactory due to muscle shortening and lack of fixation of the muscle free margin.

 11. What are the possible long-term complications following a frontal sinus fracture?
Frontal sinus fractures are classified anatomically (anterior wall, posterior wall, and floor/drainage system) and by the 
degree of displacement. Approximately one third of fractures involve the anterior table alone, and 60% involve the 
posterior table and floor. Dural tears are present in 40% of frontal sinus fractures. However, in 10% of individuals, the 
frontal sinus develops unilaterally, in 5% it is a rudimentary structure, and in 4% it is absent. Long-term complications 
can be defined by the area of involvement.

Nondisplaced anterior and posterior wall fractures usually heal without event. Contour deficiencies and flattening of 
the forehead will occur after displacement of the anterior table fragments by more than 3 mm. Sensory changes due to 
supratrochlear and supraorbital nerve involvement usually are transient and resolve within months.

Displaced posterior table fractures are more likely to be associated with significant intracranial injury and an increased 
risk of CSF fistulae, meningitis, extradural or intradural abscess, intracranial abscess, frontal bone osteitis, and 
osteomyelitis as a result of dural tears and contamination from the paranasal sinuses.

A B
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Figure 51-4. Plain x-ray (A), 
computed tomography (B), and 
magnetic resonance images (C, D) of a 
growing skull fracture in a 3-month-old 
infant with herniation of brain through 
the left parietal fracture site.
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Involvement of the drainage system of the frontal sinus may result in blockage of the nasofrontal system. The 
nasofrontal duct is highly variable, and in up to 85% of the population a true duct is absent and the frontal sinus drains 
into the middle meatus through a large ostium. Any injury to the frontal sinus mucosa may result in a mucocele, but this 
usually occurs after blockage of the drainage system (see Question 12).

 12. What is a frontal sinus mucocele?
A mucocele is a retention cyst composed of an enclosed collection of mucus that usually results from inadequate 
sinus drainage. A mucocele of the frontal sinus traditionally develops after an obstruction of the nasofrontal drainage 
system, which is involved in more than one third to half of patients with frontal sinus fractures. The frontal sinus 
is lined with respiratory epithelium with a ciliated membrane and mucus-secreting glands. The cilia beat in the 
direction of the nasofrontal drainage system. Blockage of the drainage system prevents normal drainage of mucus 
and predisposes to the development of obstructive epithelium-lined cysts called mucoceles. Mucoceles may develop 
when islands of epithelium become trapped in the fracture lines and continue to grow. Growth of a mucocele results 
in local bony destruction through the production of bone-resorbing factors such as prostaglandin E

2 and collagenase. 
When mucoceles become infected, osteitis, osteomyelitis, intracranial abscess, and meningitis may ensue, in part 
due to venous drainage of the frontal sinus mucosa through the foramina of Breschet to the dural veins. Common 
infecting agents include group B α-hemolytic streptococcus, Haemophilus influenzae, Staphylococcus, and Bacteroides. 
Mucoceles typically develop an average of 7.5 years after frontal sinus trauma. Traditional techniques of mucocele 
management consisting of frontal sinus obliteration have been supplanted with endoscopic drainage maneuvers.

 13. Classify posttraumatic cranial vault defects.
Posttraumatic defects of the cranial vault can simply be classified by location (anatomic bone, hair bearing vs non–hair 
bearing), depth (full thickness vs partial thickness), and soft tissue coverage (simple vs complex). Relevant factors 
include age of patient, cognitive state, etiology of defect (post decompressive craniotomy, postinfectious), stability of 
soft tissue cover, and proximity to paranasal sinuses.

 14. Describe the management of posttraumatic cranial vault defects
The indications for surgical reconstruction of posttraumatic cranial vault defects include neuroprotection, aesthetic, 
psychosocial (social isolation secondary to wearing protective helmet), and neurologic (headaches secondary to bony 
defect). Cranioplasty techniques have been described extending back to prehistoric times. Cranioplasty techniques can 
be categorized by the material used into autograft, allograft, or alloplast.

The principles of cranioplasty are to provide bony continuity, neuroprotection, and restoration of normal contour. 
Autogenous options include split skull cranioplasty and rib grafts. The iliac crest lacks sufficient bone stock for 
most cranioplasty cases. Calvarial bone offers a better biomechanical advantage than does rib, with lower rates of 
resorption, ease of fixation, and less donor site morbidity. Autogenous techniques are prone to contour irregularities 
due to unpredictable rates of resorption, which may have significant aesthetic implications in non–hair-bearing areas 
of reconstruction. Autogenous reconstruction is preferable when the cranial defect is in close proximity to the paranasal 
sinuses due to improved tolerance to infection over alloplasts.

Alloplastic techniques have the advantage of no donor site morbidity and maintenance of volume at the expense of 
increased risk of infection and implant failure. Almost any named alloplast has been used at one time as a cranioplasty 
material. Calcium phosphate cement and hydroxyapatite bone pastes briefly were popular due to ease of use and ability 
to contour but have been associated with long-term failure rates up to 50% with fragmentation, sinus tract formation, 
and low-grade inflammatory responses. Polymethylmethacrylate has been used for decades and recently has been 
developed for use in custom-made computer-designed CT-based implants. High-density polyethylene implants and 
custom-made titanium implants are also excellent alloplast options.

Allograft materials are available but suffer from unpredictable rates of resorption and poor biomechanical advantage.

 15. What is the pathophysiology of cheek ptosis following open reduction internal 
fixation of orbital and midfacial fractures?
Although exposure of fractures of the OZC and midface at a subperiosteal level is necessary to allow anatomic reduction 
and internal fixation, the combination of a lower eyelid approach and upper buccal sulcus incision will result in release of 
the periosteum and the overlying medial facial musculature. These soft tissues will drift inferiorly, but posttraumatic and 
postsurgical edema may mask the descent of the soft tissue until several months later. The key to prevention is careful soft 
tissue management during exposure with identification and suture marking of the periosteal margins to allow for precise 
soft tissue resuspension using series of nonabsorbable periosteal sutures to the lateral orbital and inferior orbital rims after 
completion of fracture fixation. It is important to reattach the lateral canthus, which may have been detached during exposure. 
Established soft tissue ptosis of the cheek may be difficult to correct due to cicatricial contracture. Principles of repair involve 
wide undermining and nonabsorbable suture suspension to the zygomatic arch, lateral orbital rim, and inferior orbital rim.
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 16. What are the late features of an untreated healed OZC fracture?
The typical features of a displaced healed OZC fracture consist of flattening of the zygomatic high point as a result of 
posterior displacement partly due to the mechanism of injury and in part due to masseter pull. Increased transverse 
facial width may be present due to outward bowing of the zygomatic arch. Enophthalmos and lateral canthal dystopia 
with inferior displacement may be evident.

 17. How do you treat a healed displaced OZC fracture?
The management of a healed displaced OZC fracture is dependent on the presence or absence of enophthalmos. 
With significant (>3 mm) retrodisplacement of the globe, restoration of normal facial balance requires a segmental 
osteotomy of the OZC with anatomic restoration of the bony segments and reapproximation of the normal orbital 
volume. Exposure can be achieved through an upper buccal incision to access the anterior maxilla, inferior orbital 
rim, and lateral maxillary (zygomaticomaxillary) buttress. The frontozygomatic and lateral orbital wall region can 
be approached through a modified upper blepharoplasty incision. Alternatively, a coronal approach sometimes is 
necessary to safely osteotomize the displaced OZC. Anatomic restoration of the OZC is judged by alignment along 
the lateral orbital wall at the junction of the greater wing of the sphenoid and the zygoma. Once the perimeter of the 
orbit has been restored, reconstruction of the orbital walls with autogenous bone graft or alloplast (titanium mesh, 
polyethylene implants) is performed. Usually, as the lateral canthus has been detached during the surgical exposure, 
a lateral canthoplasty is performed through drill holes along the lateral orbital margin. Overcorrection of the lateral 
canthal position is achieved by insertion above the position of Whitnall’s tubercle, which is found along the lateral 
orbital wall 10 mm below the frontozygomatic suture and 2 to 4 mm interior to the rim. Finally, soft tissue suspension 
of the cheek tissue should be performed.

When no enophthalmos is evident, restoration of cheek projection can also be achieved through the use of alloplast 
augmentation of the zygomatic prominence.

 18. In an untreated Le Fort I midface fracture, what are the biomechanical forces on the 
maxilla, and what type of facial deformity may exist?
Failure to diagnose and manage a Le Fort I fracture may result in elongation (“equine facies”) or flattening (“dishpan 
facies”) of the midface due to maxillary displacement. This displacement is due to the force of trauma with collapse of 
the maxillary buttresses, but dorsal and caudal pull by the medial pterygoid muscles may produce an anterior openbite 
and a tendency to class III malocclusion with vertical elongation. Maxillary support is dependent on the integrity of 
the vertical and transverse bony buttresses. Comminution of these buttresses predisposes to a greater degree of 
displacement. The absence of maxillary dentition may weaken bone stock, resulting in posterior retrusion and vertical 
collapse making secondary dental rehabilitation difficult.

 19. What are the long-term risks of titanium fixation used in facial fracture 
management?
Titanium miniplates have been used in the three-dimensional fixation of facial bone fragments for more than 
3 decades. As a biomaterial, it is considered to be biocompatible, inert, and nonferromagnetic. Titanium is recognized 
as a biologically compatible material with osseointegrative properties and has elemental characteristics equivalent to 
calcium. It has a characteristic surface oxide layer that helps form a thin proteoglycan layer over the implant that helps 
its ability to osseointegrate with bone. Titanium is safe for patients undergoing CT and MRI, with minimal artifact.

There is no evidence that titanium is degraded over time, and it appears to be well tolerated by the body. Allergic 
reactions and hypersensitivity are rare. Complications directly related to titanium plates are unusual. Stress shielding 
with plate-induced porosity may occur in the mandible and may lead to localized osteoporosis. Removal of implants may 
be problematic due to bony overgrowth.

Removal of fixation plates after trauma has been reported in the literature occurring in up to 26% of cases. The usual 
reason for removal is loose fixation with associated inflammatory response. The most common cause of loosening is 
related to technical error, such as inadequate irrigation at the time of drilling resulting in ring sequestra of devitalized 
bone with implant loosening or improper drilling technique with eccentric orientation of the drill bit resulting in an oval 
hole. Miniplate-related cold sensitivity is a common complaint in northern climates. Nonspecific posttraumatic pain is a 
common complaint following open reduction internal fixation of facial fractures but rarely is relieved by plate removal. 
Proximity of stainless steel wires to titanium may result in generation of a galvanic current creating pain.

Transcranial implant migration of titanium plates has been well documented in infants following cranioorbital reshaping 
secondary to the cycle of bony deposition and resorption that is necessary for skull growth (Fig. 51-5). However, in 
general, the proximity of titanium fixation to the dura or brain is not believed to be a realistic health concern, but 
reoperation may be technically demanding with increased risk of dural tear and/or brain injury. Use of bioresorbable 
fixation in the management of pediatric facial fracture repair has eliminated this hazard.
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 20. What is a saddle nose deformity, and why is it called that?
Frontal trauma to the nose will cause a depression of the nasal bridge due to fracture and comminution of the lateral 
walls with a posterior collapse of the dorsum and often is associated with comminution of the septum. This produces 
a characteristic flattened and widened nasal dorsum. However, a saddle nose deformity usually refers to the loss 
of mid-third dorsal support of the nose occurring as the result of septal collapse. In a true saddle nose deformity, 
maintenance of upper third projection is provided by the bony nasal pyramid. In the lower third of the nose, tip projection 
is maintained to some degree by the medial crura of the lower lateral cartilage. However, as the upper lateral cartilages 
collapse inward, loss of cephalic support causes the nasal tip to rotate superiorly, with some loss of tip projection and an 
increase in the columellar–labial angle with increased nostril show.

Septal collapse may occur following multiple episodes of repetitive trauma (e.g., boxing), septal hematoma with necrosis 
of the cartilage, or infection. Other causes (nontraumatic) include collagen vascular diseases and postsurgical and 
recreational drug use (e.g., cocaine).

The term saddle nose may originate from the drooping seen along the back of an old saddle-worn horse. Surgical 
treatment of a posttraumatic saddle nose deformity involves dorsal augmentation using allograft (calvarium, rib) as 
an onlay.

 21. What is a posttraumatic carotid cavernous sinus fistula?
A posttraumatic carotid cavernous sinus fistula (CCF) is a pathologic connection between the internal carotid artery 
and the venous channels that make up the cavernous sinus. They occur in 1% of patients with facial fractures and 
result from a tear in the wall of the internal carotid artery. CCF can be classified as high flow versus low flow and direct 
versus indirect using angiography. A direct CCF has a direct communication between the internal carotid artery and 
the cavernous sinus. Posttraumatic CCF nearly always are direct high-flow lesions and occur due to either a partial or 
a complete transection of the internal carotid artery or one of its intracavernous branches. Connective tissue diseases, 
arteriosclerotic vascular disease, pregnancy, and other diseases that cause vessel wall fragility also may predispose to 
nontraumatic spontaneous CCF.

The cavernous sinus consists of bilateral dural venous structures adjacent to the sella turcica and consist of slow 
flowing multiple communicating venous sinusoids. The circular nature of blood flow through the sinus accounts 
for variations in the presentation of CCF such that patients may manifest unilateral, contralateral, or bilateral signs 
and symptoms. The internal carotid artery enters the skull base, courses through the petrosal canal, and enters into 
the cavernous sinus. The intracavernous segment of the internal carotid artery runs parallel and medial to cranial 
nerves III, IV, V, and VI and then exits under the clinoid process. At its point of exit, the internal carotid artery is 
strongly tethered by the dura. A sudden shearing force at this spot may disrupt the internal carotid artery.

 22. What are the clinical findings of CCF?
The clinical findings of CCF are the result of venous hypertension of the venous channels of the cavernous sinus and 
the orbit and may present in a delayed manner up to years after the injury. Symptoms also may be in part related 
to arterial steal with ischemic changes to the orbital structures. Patients may complain of swollen, red, painful 
eye(s), exposure keratitis; loud bruit; diplopia; retroorbital headaches; and progressive visual loss. Examination 
may demonstrate pulsatile exophthalmos, conjunctival edema, injected sclera, chemosis, periorbital edema, 
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Figure 51-5. Transcranial 
migration of titanium miniplates 
used for cranial bone fixation in a 
2-year-old child. Note proximity of 
plates to dura and brain.
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ophthalmoplegia, and bruit over the orbital region. Funduscopic examination may show dilated retinal veins, retinal 
hemorrhage, papilledema, and optic atrophy. Compression of cranial nerves III, IV, or VI may result in extraocular 
muscle dysfunction. Venous hypertension may result in glaucoma and subsequent visual loss. Life-threatening 
epistaxis, progressive visual loss, intracerebral hemorrhage, facial disfigurement, and annoying bruits may occur as 
the result of CCF.

Radiologic investigation with CT may show evidence of basilar skull fractures, dilated cavernous sinus, and/or engorged 
superior ophthalmic vein using contrast. Magnetic resonance angiography is superior for showing reversal of flow within 
the cavernous sinus and superior ophthalmic vein. However, the best way to establish a diagnosis is with a four-vessel 
cerebral angiogram.

Treatment is indicated as soon as the diagnosis is established. Although 5% of high-flow CCFs may close spontaneously, 
treatment has evolved from surgical to endovascular techniques with intraarterial occlusion using various embolization 
maneuvers.

 23. How common is mandibular nonunion? How is it categorized?
Nonunion following mandibular fractures is a rare event. In one series, seven cases in 853 patients were identified, for 
an incidence of 0.8%. Mandibular nonunion has been defined as a failure of a fracture to unite after a period of at least 
4 months. Diagnosis is based on clinical and radiologic assessment.

Mandibular nonunion can be categorized as aseptic or infected, vascular or avascular, and contact or defect types 
of nonunion. The reactive vascular nonunion is the most common type of fracture healing disturbance and is the 
result of movement at the fracture site. Mechanical motion results in increased vascularity, resorption, and rounding 
or occasionally hypertrophy of the bone ends that looks like an “elephant’s foot” on x-ray. The most common cause 
is related to technical error in the application of open reduction internal fixation techniques with failure of fixation. 
Improper plate size and length, failure to place adequate numbers of screws on each side of the fracture, screws in the 
fracture line, and failure to stabilize comminuted segments all predispose to loosening of fixation and biomechanical 
movement at the fracture site.

Edentulous mandibles that are severely atrophic and osteoporotic may develop a nonreactive avascular nonunion. Open 
reduction internal fixation with periosteal stripping in an edentulous mandible with a vertical height of 10 mm or less is 
at much greater risk for avascular nonunion.

In the event of an infected nonunion, neither bone healing nor resolution of the infection can occur without stabilization 
of the fracture. Infected nonunions present with swelling, redness, and often a draining fistula arising from sequestered 
infected devitalized bone, loose hardware, or retained devitalized teeth.

 24. What is the treatment of mandibular nonunion?
Identification of risk factors is key to effective management of mandibular nonunion. Risk factors include the 
presence of infection, bony sequestra, retained devitalized or fractured teeth, loose fixation hardware, mandibular 
defects, edentulous mandible, malposition with malocclusion, and any systemic factors that may contribute, such 
as substance abuse (alcohol, drugs), illness (diabetes), poor dental hygiene, and medications (immunosuppressants, 
antiinflammatories).

Imaging of the mandible can be performed with Panorex or CT to determine the extent of the problem. However, 
the mainstay of treatment of mandibular nonunion is surgical. The basic principles consist of incision and drainage, 
fistulectomy, anatomic reduction by restoration of premorbid occlusal relationships, wide exposure, débridement of 
devitalized bone, removal of loose fixation hardware, and establishment of rigid fixation using appropriate means of 
stable osteosynthesis. External fixation devices are unnecessary. It is well recognized that stable fixation can be left 
in situ in the face of infection, and, provided there is no biomechanical instability, the infection will resolve despite the 
presence of foreign material. Mechanical immobilization of bone fragments by compression will promote healing and 
consolidation.

In most cases, the expanded sclerotic ends of the bone are quite vascular, and resorption along the margins has 
occurred as a result of biologic response to mechanical movement at the fracture site. This response occurs in a manner 
to reduce stress on new blood vessels by increasing the interfragmentary distance and widening the cross-sectional 
surface area of the interposed connective tissue. Therefore stabilization of the bone will promote union. Bone gaps 
are managed by thicker, stronger reconstruction plates designed to bridge bone gaps. Primary bone grafting of these 
defects is not routinely performed but is best managed secondarily after resolution of infection and settling of the soft 
tissue response between 3 to 6 months.
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ReconstRuction of complex 
cRaniofacial Defects

 1. What are the causes of complex craniofacial defects?
 • Acute trauma
 • Old trauma
 • Congenital deformity
 • Post tumor resection

 2. What is the most debilitating aspect of posttraumatic deformity?
Double vision (diplopia) undoubtedly is the worst. It significantly limits the ability to drive and to perform one’s 
occupation, and it is difficult to correct.

 3. How is diplopia evaluated?
(1) Computed tomographic (CT) scan, (2) three-dimensional CT scan, and (3) ophthalmology consultation. The scans 
will clearly show the extent of orbital trauma and why the orbit is deformed. This may be due to medial orbital wall 
or floor expansion fracture of one or both structures. A lateral wall and inferior rim fracture with lateral displacement 
also expands the orbit considerably. Escape of fat through a floor blowout is another cause. Frequently a degree of 
enophthalmos is associated.

 4. What is the best approach to the orbit in such a situation?
A coronal flap is ideal for the majority of cases. In localized floor fractures, a lower lid transconjunctival approach is 
satisfactory for exposure. Some surgeons prefer to use a mid-lid incision for access to the orbital floor.

 5. What is the treatment of isolated orbital floor fracture with enophthalmos?
After radiologic assessment, the fracture is approached through a transconjunctival incision with elevation of the orbital 
contents at the subperiosteal plane. Complete exposure of the floor beyond the fracture site is essential. The defect is 
covered with a thin cranial bone graft, a polyethylene implant (e.g., Medpor), thick silicone sheet, or any other material 
that can overlap the undisplaced floor edges and is stiff enough to contain the orbital fat.

 6. What is the treatment of a displaced lateral wall fragment causing enophthalmos?
After radiologic assessment, the fracture is exposed through a coronal flap. The orbital contents are elevated at a 
subperiosteal level, and the fracture is exposed and reduced. It is plated or wired in position. If a bony defect is present, 
a cranial bone graft is inserted. This fracture usually is easy to reposition and stabilize. Long-term problems, either 
cosmetic or functional, are rare. Alloplastic sheeting can also be used. It should be thick enough to contain the orbital 
contents. The position of the lateral canthus should be inspected and proper attachment confirmed.

 7. What is the treatment of an acute, complex lateral inferior rim and floor fracture 
with severe displacement and significant comminuted bony injury?
After radiologic assessment and accurate diagnosis, the fracture is approached through a coronal incision with as much 
elevation of the temporalis muscle as required. The orbital contents then are freed up completely. Placement of wire 
fixation on the rim, both laterally and inferiorly, often is useful because the rim is not palpable through the skin. A cranial 
bone graft is harvested and used to reconstruct the floor of the orbit, if required. Fixation usually is not necessary. To 
reconstruct the lateral wall defect, a plate can be used to span the defect, secured on the temporal bone and the lateral 
orbital rim. A cranial bone graft of the correct dimensions is placed on the medial aspect of the plate, and a screw is 
used to fix it in place. Any displacement of the lateral canthal ligament is accurately wired in position to the inner aspect 
of the lateral orbital rim.

 8. Discuss the management of an established posttraumatic deformity of the 
orbitozygomatic complex with enophthalmos
Assessment is by CT scan; a three-dimensional scan is helpful in complex cases. The approach is by coronal 
flap with anterior elevation of the temporalis muscle to expose the lateral aspect of the lateral orbital wall. 
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The floor and walls of the orbit are exposed widely, again, subperiosteally. If there is displacement of the 
orbitozygomatic complex, osteotomies are made at the frontoorbital region, lateral orbital wall, floor, and inferior 
rim of the orbit. The orbitozygomatic complex is mobilized and stabilized with plates and screws; wires also can be 
used. The floor of the orbit is reconstructed as necessary with a cranial bone graft, as are the lateral and medial 
walls as required. For any remaining enophthalmos, bone grafts or soft Gore-Tex can be placed posteriorly to 
advance the globe.

 9. What is the best method of performing a medial canthopexy?
The traditional method of transnasal wiring is mechanically unsound because the bone on the contralateral medial 
orbit is thin and will give way when twisting is tight. The correct method is to drill from the contralateral nasofrontal 
region where the bone is thick and pass the wire from there and back. When the wire is tightened there is no danger of 
breaking this bone, no matter how tight the wire is made.

 10. What are the causes of posttraumatic enophthalmos with and without vertical 
displacement of the globe?
Posttraumatic enophthalmos can result from any fracture that enlarges the orbital volume. Lateral and sometimes 
inferior displacement of the orbitozygomatic complex may be present. Isolated floor or medial orbital wall fractures with 
displacement can enlarge the orbit significantly. What is necessary for inferior displacement of the globe is injury to the 
periorbitum in addition to the bony injury, but this is the usual situation. An intact periorbita will hold the eye in place, but 
this occurrence is very rare. Vertical displacement of the globe may occur in extensive floor injuries of the blowout type. 
Most frequently these injuries are also associated with fracture and displacement of the orbitozygomatic complex.

 11. Discuss the treatment of posttraumatic frontal bone deformity without 
cerebrospinal fluid leak
Exposure is by a coronal incision with elevation of a bicoronal flap at the subperiosteal level. Many substances 
are available for correcting contour irregularities. Initially the hydroxyapatite compounds were believed to be the 
answer to this problem. Unfortunately, many of these compounds have been associated with complications. The best 
approach is use of what has been a complication-free reconstruction. The area is marked out, multiple drill holes are 
made, and corresponding small screws are placed, leaving the screw heads and part of the screw shafts exposed. 
Methylmethacrylate cement containing antibiotics is placed to reconstruct the area. Once the cement is solid it can be 
contoured. The results of this technique have been satisfactory and, as yet, free of complications. Small full-thickness 
defects can be filled with several layers of Surgicel and the described technique performed, but the screws are placed 
into the edges of the defect. In all cases, ice-cold saline is sprayed on the methylmethacrylate. Contouring can be 
carried out as required.

Another technique is to harvest full-thickness cranial bone, split it, and place it into the defect. It is stabilized with 
miniplates and screws, which can be metal or resorbable.

 12. What is the best method for reconstruction of the flat nose of either congenital or 
posttraumatic origin?
Although many materials are available (e.g., silicone), they are associated with problems that occur sooner or later. 
The best material is cranial bone, which can be taken as split thickness or full thickness. The latter is preferred 
because harvest with a contouring drill is safer than harvesting split-thickness bone with an osteotome. The 
approach for insertion of the graft is by a vertical incision in the glabellar area. Extensive dissection is performed 
to the nasal tip. Subperiosteal dissection is performed in the glabellar area. This should be sufficient to expose the 
glabellar and nasal bridge area. Using a contouring burr, a reception area sufficient to receive the graft is cut out. The 
distal edge is contoured so that it will act as a fulcrum. A hole is drilled in the proximal end of the bone graft, which 
then is inserted. A single screw is used to secure the graft in place. As the screw is tightened, the distal part of the 
graft elevates the tip of the nose to the required degree. This produces a stable and predictable result. Follow-up 
over the past 15 years has revealed no significant resorption. Usually a plaster cast is applied to prevent lateral 
displacement of the tip. The only necessary precaution is to avoid excessive elevation of the tip, which may cause the 
bone graft to erode the skin.

The alternative techniques that were used previously (e.g., alloplastic materials and cartilage grafts) were associated 
with significant complications of infection, exposure, and displacement. To date, the described method has been free of 
complications. The glabellar incision usually heals very well because it lies in an ideal natural crease.

13. What foreign materials are useful in head and neck reconstruction and why?
Methylmethacrylate has remained the most useful material, especially when it is impregnated with antibiotics. The only 
complications noted have been related to exposure, which, with good clinical judgment, is extremely rare. Fixation is 
virtually essential. Several small screws projecting from the surface supply secure fixation. Metal mesh is useful but 
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also must be fixed securely with screws. Any material that is not rigidly fixed appears to have a tendency to develop 
local fluid collections that frequently are associated with infection. Any mesh that is not fixed can loosen and extrude. In 
addition, the mesh may contain surface irregularities.

Nonfixed materials and hydroxyapatite compounds are not recommended because they have been associated with 
complications.

 14. Discuss the types of cranial bone grafts available for skull defect reconstruction.
Bone Dust: This is collected with a slow-speed hole-boring craniotome. Constant moistening and cooling are provided 
by cold water irrigation. After the dust is collected it can be used for full- or partial-thickness defects. With full-thickness 
defects, a layer of Surgicel is placed directly on the dura. The bone dust is applied using the volume to completely or 
slightly overfill the defect. Another layer of Surgicel stabilizes the external surface. With partial-thickness defects, the 
dust is placed into the area and Surgicel is applied on top. The amount and quality of bone produced vary, but children 
usually have the best results. Bone dust can be used as an adjunct material as well, as in cases where it is used to 
smooth off a split rib reconstruction.

Partial-Thickness Cranial Bone Graft: After the skull is exposed the amount of bone required is drawn out with a 
sterilized lead pencil. Using a contouring burr, the bone is cut around and the external table is removed lateral to these 
cuts. Careful use of the osteotome and the mallet will allow removal of even large portions of intact bone. If there is 
concern about the amount of cortical bone required, an alternative method, which probably is safer for harvest of large 
grafts and for those with little or no experience in these areas, is to request the neurosurgeon, if available, to take the 
graft. Splitting the cranial bone is not always easy. The saw can cut only so far, even with long blades, and use of long, 
fine straight or curved osteotomes may be necessary to complete the split.

Vascularized Bone Graft: Two methods of transferring vascularized cranial bone grafts can be used. One method of 
transfer is on a vascular axis, such as the temporal vessels; the other method of transfer is on the galea. In both cases, 
it is best to leave the galea undisturbed because it has the most reliable blood supply. Large segments of full-thickness 
cranium can be transferred using this technique. The largest case has consisted of the ascending ramus and body of 
the mandible, which were reconstructed with a full-thickness cranial bone transfer: the temporal area for the ascending 
ramus and the full frontal area for the body. The contralateral ramus was intact. Osseointegration of the reconstructed 
mandible was possible at a later date.

 15. What are the most useful materials for skull reconstruction?
 • Cranial Bone: Used as split thickness, full thickness, or dust
 • Foreign Materials: Methylmethacrylate, hydroxyapatite, metal plates

Cranial Bone

Small amounts of split bone can be harvested by cutting around the bone with a contouring burr and removing 
the cortical bone laterally. This leaves the remaining cortical bone like an island, which can be harvested with an 
osteotome. Alternatively, full-thickness skull can be harvested with a drill or osteotome and split. The cranial defect 
can be filled with bone dust collected during the harvesting or by the unused split cranium. Cranial bone dust 
harvesting is discussed in Question 14.

Foreign Materials

Hydroxyapatite: Our experience with hydroxyapatite has been disappointing. In some cases, some kind of reaction appeared 
to have caused loss of skin. This reaction has been reported by other craniofacial surgeons. We no longer use this material.

Metal Mesh: Thick mesh is difficult to use, and thinner plates can have fixation problems and occasionally erode through 
the scalp. Custom-made implants are very expensive.

Methylmethacrylate: This is our choice of material. The impregnation of antibiotics into the methylmethacrylate has been 
useful, and we have yet to observe a complication. Like any foreign material, it must be securely stabilized. To achieve 
this, multiple small plates and screws are placed to increase adhesion and prevent shearing. In full-thickness defects, 
several layers of Surgicel are placed over the dura. Good stabilization is achieved by placing pins transversely on the 
edges of the defect, and methylmethacrylate is used to reconstruct the defect. As yet, no complications have been 
observed with this technique.
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16. What is the treatment of a fracture of the zygomatic arch?
This is usually a tripartite fracture. It can be elevated with a malar elevator, but often it is unstable and a coronal 
approach may be necessary to expose the fracture and to place a plate on the lateral surface. The plate can be 
contoured to produce the correct arch shape. It is also possible to produce a good result by wiring the segments with a 
large-gauge wire.

17. What is the treatment of an orbitozygomatic fracture?
The fracture can be elevated using a malar elevator introduced through the temporal area under the temporal fascia. 
The fracture is elevated and may remain in place. It may relapse, but it can be stabilized by an incision over the lateral 
wall, and through this the lateral fracture is stabilized. Through a lower lid transconjunctival incision the infraorbital rim 
is stabilized with wire. Plates and screws can also be used.

18. What is the treatment of an orbital floor blowout fracture when isolated? In 
conjunction with an orbitozygomatic fracture?
For an isolated orbital floor blowout fracture, a transconjunctival incision in the lower lid fornix allows exposure to the 
infraorbital rim. The periosteum of the floor is elevated, and a polyethylene implant (e.g., Medpor) or other material (e.g., 
silicone sheet) can be used to reconstruct the floor. It must cover the floor defect completely. A mid-lid incision and 
cranial bone can also be used.

When an orbital floor fracture is encountered in conjunction with an orbitozygomatic fracture, it probably is best to use 
a coronal flap to stabilize the lateral orbital wall and to expose the orbital wall and floor fracture. Some surgeons use an 
extended upper blepharoplasty incision to expose the lateral orbital wall. It may be necessary to explore the infraorbital 
rim with a transconjunctival or mid-lid incision for rim stabilization and floor reconstruction.

19. Describe the treatment of a severely displaced maxillary fracture in conjunction with 
a nasoorbitoethmoidal fracture and a mandibular fracture.
The approach to the maxillary fracture should be via a coronal flap with exposure of the nose as well as the medial and 
lateral orbital walls. The floors of the orbits should also be explored through this approach. The maxilla is mobilized, the 
fractures are reduced, and plates and screws are applied to the lateral orbital rims and possibly the nasal bridge. If the 
nose is comminuted, a split cranial bone graft is used to recreate the nasal support system. This is fixed to the glabellar 
area with a screw.

The patient is placed in intermaxillary fixation, and the mandibular fractures are reduced. Through a lower buccal sulcus 
incision they can be stabilized with plates and screws. If the occlusion is satisfactory, the intermaxillary fixation is then 
released.

20. What is the sequence of treating a displaced three-level (skull, maxilla, mandible) 
fracture with a cerebrospinal fluid leak?
Look for a cerebrospinal fluid leak and a dural tear; if found, repair them. Replace and stabilize the skull fracture, then 
the maxillary fracture and finally the mandibular fracture.

21. A patient presents with a full-thickness frontal bone defect following tumor 
resection. The skin cover is satisfactory. What is your next step in this patient’s 
reconstruction?
The area should be explored through a coronal incision and the defect exposed. A pattern of the defect is traced using 
sterile glove paper.

If the defect is small, the pattern can be redrawn further posteriorly on the skull. This area of bone is harvested as a 
split-thickness graft as described. Bone wax is used to control any bone bleeding. Drill holes are made around the 
defect with the brain protected. Corresponding holes are made in the bone graft, and it is wired securely in position.

22. A large full-thickness scalp defect results after tumor resection or trauma, with a 
skull defect that requires reconstruction. How can this best be managed?
The area is exposed using a scalp flap, and a pattern is made of the bony defect using sterile glove paper. This pattern 
is placed on another part of the skull and traced. If the skull defect is of significant size such that harvest of a split skull 
graft is not possible, the neurosurgeon can cut it with a craniotome. If this is not possible, a contouring burr can be used 
to cut through the cranium all around and the full-thickness graft harvested. The graft is split with an osteotome, and 
one portion is used to close the original defect and the other to close the donor site. These grafts are wired or plated 
in position. Bone dust is placed around the edges, and Surgicel is placed over the dust. A scalp flap, either rotation or 
transposition, is used to close the scalp defect, and a split-thickness graft is placed on the residual donor site area.
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23. Discuss methods of filling small, medium, and large full-thickness bone defects
 • Small Defects: These can be covered with bone chips or bone dust. Surgicel is used to stabilize them. Saline is 
sprayed on.

 • Medium Defects: These can be reconstructed in a similar way, or split skull can be harvested and stabilized with 
wires or miniplates.

 • Large Defects: Full-thickness skull of a similar size is harvested, split, and stabilized in position with plates or wires.

If there are any problems with harvesting bone, many defects can be reconstructed with bone dust and Surgicel placed 
on the dura. This can also be applied to deformities on the external surface of the cranium.

24. How should a defect of the cribriform plate area after tumor excision with direct 
opening into the nasal cavity be reconstructed?
Exposure should be obtained with a coronal flap and frontal craniotomy. If necessary, the area should be débrided. 
A central galeal frontalis flap of sufficient dimensions is elevated, with the base inferiorly oriented. Drill holes are made 
around the defect in the anterior cranial fossa. The galeal frontalis flap, which is vascularized from its inferior base, 
is placed over the defect. It is stabilized in position using the drill holes and sutures. Because it overlaps the defect 
when the frontal lobes come forward, the intracranial/extracranial connection is sealed off. The exposure craniotomy is 
replaced, and the scalp is closed.

25. What is the best reconstruction for an established posttraumatic flat nose?
The ideal reconstruction is to harvest a cranial bone graft with the desired shape (straight or curved, full thickness or 
partial thickness) using a contouring burr. This graft is taken from an area of the skull with an appropriate curvature. 
A vertical incision is made on the frontoglabellar region, the periosteum is elevated, and a pocket is created down to the 
nasal tip using scissors. A small area is cut from the bone in the glabellar area, again using the contouring burr. Distally, 
a ledge is left to act as a fulcrum. A hole is made in the bone graft, and a countersink is produced with the contouring 
burr. The graft is shaped to take off sharp edges and to make the tip area wider and without sharp points. The shaped 
graft is inserted right to the tip of the nose. A screw is placed in the hole, and it is inserted and tightened until the tip of 
the nose is cantilevered into its correct position. Ischemia of the nasal tip should be avoided. The glabellar incision is 
closed in layers. The graft is firmly fixed. A small plaster cast may or may not be used.
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 1. What is a branchial arch?
Paired branchial arches form in the head and neck region of the developing embryo during the fourth week of gestation. 
They are derived from migrating neural crest cells and consist of ectoderm, mesoderm, and endoderm. The arches are 
complemented by invaginating branchial grooves and evaginating branchial pouches. These masses of tissue form the 
building blocks for the later development of nerve, muscle, and skeletal structures.

 2. Describe the derivatives of the branchial arches and pouches.
See Table 53-1.

 3. A 12-year-old boy has a draining sinus at the anterior upper one-third border of the 
sternocleidomastoid muscle. What is the likely source?
A branchial cleft cyst. Between the branchial arches are branchial clefts or grooves that are lined with surface ectoderm. 
The first cleft becomes the external auditory canal. The second, third, and fourth clefts usually are obliterated by the 
sixth week of gestation. Failure to obliterate or duplication of these structures may result in fistulas, sinus tracts, or 
cysts. Such anomalies can be found along the anterior border of the sternocleidomastoid muscle at any point from the 
external auditory canal to the clavicle. The second branchial cleft anomaly is most common.

 4. How would you treat this patient?
The tract must be excised under general anesthesia with a thorough understanding of the involved anatomy. For second 
branchial cleft cysts, the external component is found at the junction of the middle and lower thirds of the anterior 

Table 53-1. Derivatives of the Branchial Arches and Pouches

ARCh MuSClES
BONE/ 
CARTilAgE ligAMENTS POuCh NERvE

First Muscles•	  of 
 mastication
Mylohyoid•	
Anterior belly of •	
digastric
Tensor tympani•	
Tensor palatini•	

Meckel’s  •	
cartilage
Malleus•	
Incus•	

Anterior  •	
ligament  
of malleus
Spheno•	
mandibular 
ligament

External •	
auditory 
canal
Tympanic •	
membrane

Trigeminal•	

Second Muscles of facial •	
expression
Stylohyoid•	
Posterior belly of •	
digastric
Stapedius•	

Hyoid bone•	
Lesser horn•	
Upper body•	

Stapes•	
Styloid  process•	

Stylohyoid  •	
ligament

Palatine •	
tonsil 
crypts

Facial•	

Third Stylopharyngeus•	 Hyoid bone•	
Greater horn•	
Lower body•	

Thymus•	
Inferior •	
 parathyroid

Glossopha•	
ryngeal

Fourth Muscles of soft •	
palate
Muscles of •	
pharynx
Muscles of larynx•	

Thyroid  •	
cartilage
Cricoid cartilage•	
Arytenoid •	
 cartilage

Thyroid •	
Ccells
Superior •	
parathyroid

Vagus•	

Fifth Obliterated•	

Sixth Sternocleido•	
mastoid
Trapezius•	

Spinal •	
 accessory
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border of the sternocleidomastoid muscle. The tract passes over the glossopharyngeal nerve and between the external 
and internal carotid arteries en route to the tonsillar fossa. Third branchial cleft anomalies, although rare, present in the 
same region as the second, but they course beneath the internal carotid. First branchial cleft cysts are less common 
but must be considered when excising masses above the hyoid bone because their course may involve branches of the 
facial nerve. The surgeon must be aware of the anatomy of these vital structures to avoid injury. Preoperative patient 
counseling and planning are essential.

 5. A 6-month-old infant has had a mass of the nasal root since birth. On physical 
examination, the mass measures 1.5 cm, it is firm, noncompressible, and 
nonpulsatile, and it does not transilluminate or change with Valsalva maneuver.  
What is the most likely diagnosis?
Congenital midline nasal masses include nasal dermoids, nasal gliomas, and encephaloceles. Although rare, 
these disorders are clinically important because of their potential for connection to the central nervous system. 
The findings in this case are consistent with a glioma, which presents as a red or bluish lump at or along the 
nasomaxillary suture, or intranasally. Gliomas are characteristically firm and noncompressible, do not increase in 
size with crying, and do not transilluminate. The overlying skin may have telangiectasias. They can be associated 
with a widened nose or with hypertelorism. Abnormal closure of the fonticulus frontalis can lead to an ectopic rest 
of glial tissue being left extracranially. Bony defects, intracranial connections, and cerebrospinal fluid leakage are 
rare. Histology shows astrocytic neuroglial cells and fibrous and vascular connective tissue that is covered with skin 
or nasal mucosa.

Nasal dermoid sinus cysts are the most common of the congenital midline nasal masses. They can occur as an isolated 
cyst or with a sinus tract opening to the skin. Typically they are firm, noncompressible, nonpulsatile lesions that do not 
transilluminate and may be lobulated. They can present as a midline nasal pit, fistula, or infected mass. They usually 
terminate in a single subcutaneous tract, which sometimes has hair at the opening. They are derived from ectoderm 
and mesoderm, are lined with squamous epithelium, and contain specialized adnexal structures such as hair follicles, 
pilosebaceous glands, and smooth muscle. Connection with the central nervous system has been variably reported 
to occur from 4% to 45%. Suspicion of intracranial involvement should remain high, and preoperative computed 
tomography (CT) or magnetic resonance imaging (MRI) is recommended.

Encephaloceles involve herniation of cranial tissue through a skull defect. They can be classified as meningoceles 
(containing meninges only), meningoencephaloceles (containing meninges and brain), or meningoencephalocystoceles 
(containing meninges, brain, and part of the ventricular system). Encephaloceles are soft, bluish, compressible, pulsatile 
masses that are located at the nasal root and transilluminate. They typically enlarge with crying and Valsalva maneuver. 
A characteristic sign is the Furstenberg test, which is enlargement with compression of the internal jugular veins. They 
also can cause hypertelorism. The embryologic origin is failure of the fonticulus frontalis to close properly, which leads 
to herniation of intracranial contents with a connection to the subarachnoid space. This connection with the central 
nervous system and the possibility of containing brain tissue make encephalocele an important entity to rule out when a 
midline nasal mass is found.

 6. A young boy presents with a small mass in the midline of the neck below 
the hyoid bone. The mass has been present since birth. What is this finding 
consistent with?
A thyroglossal duct cyst. These cysts arise from remnant tissue left during embryonic descent of the thyroid tissue 
from the base of the tongue to its pretracheal position by the eighth week of gestation. This “thyroglossal duct” usually 
disappears. However, duct remnants may be present as sinuses or cysts anywhere along the migration pathway. 
Thyroglossal duct cysts usually are in midline at the level of the thyroid membrane, inferior to the hyoid bone. They 
usually are identified by the second decade. Symptoms may include infection and rupture, which should be treated with 
antibiotics if they occur. Definitive treatment includes complete excision, including the entire duct remnant, which may 
pass through the hyoid bone and requires resection of the bone (known as the Sistrunk procedure).

 7. Are any preoperative tests important?
The mass may represent the patient’s only thyroid tissue. Therefore it is necessary to demonstrate normal functioning 
thyroid tissue by thyroid scans and thyroid function tests.

 8. From which embryologic structure does the external auditory meatus develop?
During the sixth week of development, the external ear develops from six mesenchymal swellings or hillocks that 
surround the first branchial cleft. The first three hillocks arise from the first branchial arch (mandibular arch), and 
the second three hillocks develop from the second branchial arch (hyoid arch). The hillocks of the first arch form the 
tragus, helix, and cymba concha. The hillocks of the second arch become the antitragus, antihelix, and concha. The first 
branchial cleft lengthens to form the external auditory meatus (Fig. 53-1).
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 9. Describe the function of the facial nerve.
The facial nerve (CN VII) is a mixed motor and sensory nerve. The motor root (facial nerve proper) of the facial nerve 
supplies the muscles of facial expression, muscles of the scalp and auricle, the buccinator, platysma, stapedius, 
stylohyoid muscles, and posterior belly of the digastric muscle. The sensory root (nervus intermedius) supplies taste 
fibers to the anterior two thirds of the tongue via the chorda tympani nerve and to the soft palate via the palatine and 
greater petrosal nerves. The sensory root also supplies parasympathetic secretomotor innervation to the submandibular, 
sublingual, and lacrimal glands, and to the nasal and palatine mucosae.

10. Define the surface anatomy of the facial nerve.
The facial nerve enters the internal auditory meatus, passes through the petrous part of the temporal bone, and exits 
the skull through the stylomastoid foramen. The nerve then enters the parotid gland and breaks up into its five terminal 
branches: temporal, zygomatic, buccal, mandibular, and cervical. The temporal branch can be found along Pitanguy’s 
line, which runs from 0.5 cm below the tragus to 1.5 cm above the lateral eyebrow. The facial nerve becomes more 
superficial as it courses medially but remains consistently deep to the superficial musculoaponeurotic system (SMAS). The 
muscles of facial expression are innervated on their deep surfaces, except for levator anguli oris, mentalis, and buccinator 
muscles, which run deep to the plane of the nerve and are innervated on their superficial surfaces (Fig. 53-2).

11. A patient presents with a deep facial laceration in the emergency department. Clear 
fluid is draining from the wound. What structure was most likely damaged?
The parotid gland or duct. The parotid (Stensen’s) duct emerges from deep within the parotid gland and travels from the 
anteromedial border of the gland to the anterior border of the masseter muscle. From that point it dives and courses 
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Figure 53-1. Stages in the development of the external ear. Components 1 to 3 are derived from the mandibular arch. Components 
4 to 6 are derived from the hyoid arch. (From Carlson BM: Human Embryology and Developmental Biology, 4th ed. Philadelphia, 
Mosby, 2009.)
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Figure 53-2. Anatomy of the facial nerve. (From Baker TJ, Gordon HL, Stuzin JM: Surgical Rejuvenation of the Face, 2nd ed. 
St Louis, Mosby-Year Book, 1996, p 167.)
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below the zygomatic arch to enter the buccal space, inserting into the buccinator and then entering the oral cavity 
through a papilla opposite the upper second molar. The duct is approximately 7 cm long and generally follows a line 
drawn from the tragus to the middle of the upper lip. A vertical line drawn from the lateral canthus approximates the 
intraoral path. The parotid duct travels adjacent to the buccal branch of the facial nerve and the transverse facial artery, 
which also are at risk for injuries causing damage to the parotid duct (Fig. 53-3).

12. How do you diagnose and treat this injury?
Successful treatment depends on prompt recognition and appropriate intervention. To diagnose a parotid duct injury in 
the emergency department, cannulate the intraoral parotid duct papilla with a small Silastic tube and observe if the tube 
is visible in the wound. If any doubt remains, a small amount of saline can be injected through the tube and observed 
for flow through the wound. The mainstay of operative treatment includes repair of the duct over a stent, ligation of the 
duct, or fistulization of the duct into the oral cavity. Delay in diagnosis and treatment may lead to parotid fistula and 
sialocele formation.

13. You receive another consult from the emergency room. The patient has a superficial 
laceration to the neck but complains of numbness of the earlobe. What is the 
cause?
The great auricular nerve is a sensory branch from the cervical plexus that crosses the anterior border of the 
sternocleidomastoid muscle to supply sensation to the skin inferior to the external auditory meatus. It can be found 
consistently at a point 6.5 cm below the external auditory canal. It is a superficial structure that can be injured during 
facelift, parotid, carotid, and other neck dissections, leaving a bothersome numbness to the inferior ear.

14. A 50-year-old man has gustatory sweating and flushing of the right cheek after 
undergoing superficial parotidectomy for removal of a parotid tumor. What is the 
most likely cause of his current symptoms?
The patient has Frey syndrome. The first description of a unilateral gustatory hyperhidrosis was provided as early as 
1757 by the French surgeon M. Duphenix and in 1847 by Baillarger. In 1923 Frey correlated the unusual physiologic 
phenomena and applied the descriptive term “auriculotemporal syndrome.” The syndrome is characterized by warmth 
and sweating in the malar region of the face upon eating, thinking, or talking about foods that produce a strong salivary 
stimulus. It may follow damage to the parotid region by trauma, mumps, purulent infection, or parotidectomy. It is 
thought to be caused by the development of anastomoses between parasympathetic fibers from the otic ganglion, 
which are carried by the auriculotemporal nerve, and the sympathetic fibers in the sweat glands that lie within the 
vascular plexus of the skin. Fibers from both systems are cholinergic and mediated by acetylcholine. Treatment involves 
intracutaneous injection of botulinum toxin, which relieves symptoms by blocking neurotransmission of acetylcholine. 
Operative management includes direct excision of involved skin and interposition of autologous tissue. Acellular dermal 
matrix allografts have been used recently for interposition grafting with some success. Botulinum toxin provides relief 
for 4 to 6 months and needs to be repeated. Operative interventions have poor long-term success.
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15. A 45-year-old woman develops left shoulder pain and weakness after undergoing a 
left neck lymph node biopsy. What is her diagnosis?
The patient has an iatrogenic spinal accessory nerve palsy. During dissections of the posterior triangle of the neck, the 
spinal root may be damaged. The spinal accessory nerve is a motor nerve consisting of spinal and cranial nerve (CN 
XI) roots, which join to form a trunk and exit through the jugular foramen to enter the anterior and posterior triangles 
of the neck. After exiting the foramen, the spinal root separates and passes posteriorly and inferiorly to supply the 
sternocleidomastoid muscle. It then traverses the posterior cervical triangle superficial to the deep fascia to supply the 
trapezius muscle approximately 5 cm superior to the clavicle. If the spinal root is damaged, paralysis of the superior 
part of the trapezius occurs. This results in inferior and lateral rotation of the scapula and drooping of the shoulder. If the 
nerve is transected, the sternocleidomastoid muscle is also affected. The patient experiences weakness in turning the 
head to the opposite side.

16. A 20-year-old man has suffered a full-thickness injury to the scalp and is bleeding 
profusely. What are the layers and blood supply of the scalp?
There are five layers of the SCALP: Skin, sub-cutaneous tissue, aponeurosis, loose areolar tissue, and pericranium. The 
vascular supply to the scalp comprises five paired arteries: (1) supraorbital, (2) supratrochlear, (3) superficial temporal, 
(4) occipital, and (5) posterior auricular arteries. The supraorbital and supratrochlear are branches of the internal carotid 
artery. The superficial temporal, occipital, and posterior auricular are branches of the external carotid artery.

17. Your patient has a neoplastic lesion of the posterior third of the tongue and is 
experiencing ear pain. Describe the phenomenon of referred pain.
The ear is innervated by multiple nerves, including the trigeminal, facial, glossopharyngeal, vagus, and posterior nerve 
roots of C2 and C3. The phenomenon of referred otalgia occurs from pathology arising in other branches of these nerves 
that result in ear pain (Table 53-2).

18. List the layers of the eyelid.
Anterior Lamella

 • Skin
 • Subcutaneous tissue
 • Orbicularis oculi muscle

Posterior Lamella

 • Submuscular areolar tissue
 • Orbital septum
 • Preaponeurotic fat pad
 • Levator aponeurosis (upper eyelid)
 • Muller’s muscle (upper eyelid)
 • Capsulopalpebral fascia (lower eyelid)
 • Tarsal plate
 • Conjunctiva

Table 53-2. Referred Pain

NERvE STiMuluS fOR REfERREd PAiN

Trigeminal nerve via auriculotemporal nerve Malocclusion, impacted molars of lower jaw, dental 
abscess, TMJ disease, sinusitis

Facial nerve via nervus intermedius of Wrisberg, 
chorda tympani, greater superficial petrosal nerve

Herpes zoster of geniculate ganglion, lesions of nasal 
cavity, sphenoid sinus, posterior ethmoid sinus, mobile 
tongue

Glossopharyngeal nerve via Jacobson’s nerve Neoplastic lesions of the tonsil, posterior third of 
tongue, vallecula, pyriform sinus, hypopharynx, post
tonsillectomy pain

Vagus nerve via Arnold’s nerve Neoplastic lesions of the larynx and tracheobronchial 
tree

Posterior roots C2 and C3 Cervical disc lesions, osteoarthritis

TMJ, Temporomandibular joint.
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 19. Which palatal muscle acts to close off the nasopharynx from the oropharynx?
There are five muscles of the soft palate. The palatopharyngeus muscle forms the palatopharyngeal arch. It attaches 
superiorly to the hard palate and palatine aponeurosis and inferiorly to the lateral wall of the pharynx. Its function is to 
tense the soft palate and pull the pharyngeal walls superiorly, anteriorly, and medially during swallowing, effectively 
closing off the nasopharynx from the oropharynx. The palatoglossus muscle functions to close off the oral cavity from 
the oropharynx by elevating the posterior tongue and drawing the soft palate inferiorly. It attaches superiorly to the 
palatine aponeurosis and inferiorly to the side of the tongue. The levator veli palatini muscle attaches superiorly to the 
cartilage of the auditory canal and the petrous part of the temporal bone. It extends anteriorly and inferiorly to attach to 
the palatine aponeurosis. It functions to elevate the palate, drawing it superiorly and posteriorly during swallowing and 
yawning. It works in conjunction with the tensor veli palatini. The tensor veli palatini muscle attaches superiorly to the 
medial pterygoid plate, spine of the sphenoid, and cartilage of the auditory tube and extends to the palatine aponeurosis. 
During swallowing, it tenses the soft palate by using the hamulus as a pulley. It also pulls the auditory canal open 
to equalize air pressure between the middle ear and pharynx. The musculus uvulae is a delicate slip of muscle that 
attaches to the posterior nasal spine and palatine aponeurosis and inserts into the mucosa of the uvula. It shortens the 
uvula and pulls it superiorly, assisting in the closing of the nasopharynx during swallowing.

 20. Describe the nasolacrimal drainage system.
Tears move from lateral to medial on the eye and are collected by the upper and lower puncta, which can be found 5 to 
7 mm lateral to the canthal angle. They travel in the canaliculi 2 mm vertically, then 8 mm horizontally, to the common 
canaliculus, which drains into the lacrimal sac. The nasolacrimal duct then transports the tears through the ethmoid 
bone to exit into the nose below the inferior nasal concha.

 21. What other structures empty into the nasal cavity?
The nasal concha or turbinates (inferior, middle, and superior) are found on the lateral walls of the nasal cavity. They 
divide the lateral nasal walls into the inferior, middle, superior, and supreme meati. The frontal, maxillary, anterior 
ethmoid, and middle ethmoid sinuses drain into the middle meatus. The posterior ethmoid cells drain into the 
superior meatus. The sphenoid sinus drains into the supreme meatus, also known as the sphenoethmoidal recess.

 22. After downfracture of the maxilla during a Le Fort I osteotomy, profuse bleeding is 
seen. What vessel is most likely responsible?
The descending palatine artery is a branch of the third portion of the maxillary artery. It descends vertically through the 
perpendicular portion of the palatine bone. Injury of this vessel during Le Fort I osteotomy is not uncommon.

 23. You plan a radial forearm free flap to reconstruct a floor of mouth defect for 
squamous cell carcinoma (SCCA). During dissection of the external carotid artery you 
note that the superior thyroid artery was damaged in the lymph node dissection of 
the neck. Which vessel will you use for your anastomosis?
The external carotid artery begins at the bifurcation of the common carotid at the level of the superior border of 
the thyroid cartilage. It runs superiorly and posteriorly between the neck of the mandible and the lobule of the 
auricle. It gives off six branches before it divides into two terminating braches. They are in ascending order: superior 
thyroid, ascending pharyngeal, lingual, facial, occipital, and posterior auricular. The two terminating branches are 
the maxillary and superficial temporal arteries. Occasionally, the lingual and facial arteries arise as a common trunk. 
Of the six branches, the superior thyroid, the lingual, and the facial arise anteriorly and are of adequate caliber for 
anastomosis.

24. What major congenital syndromes are associated with first and second branchial 
arch abnormalities?
Treacher-Collins (Mandibular Dysostosis): Autosomal dominant disorder with variable penetrance and expression. Linked 
to the gene sequence 5q31.3. Involves bilateral hypoplasia of the zygoma, maxilla, mandible, and adnexal structures. 
Presents with downward slanting of the palpebral fissures, absences of eyelashes, colobomas of lower eyelids, auricular 
defects, and Tessier clefts 6, 7, and 8.

Nager Syndrome (Acrofacial Dysostosis): Autosomal recessive disorder that involves bilateral hypoplasia of the orbits, 
maxilla, zygoma, mandible, and soft palate. Presents with cleft palate, auricular defects, preaxial defects of the 
extremities, and mental retardation.

Microtia: Involves abnormal development of the first and second branchial arches during weeks 4 to 12 of gestation. 
Ear structures affected include the auricle, external auditory canal, tympanic membrane, and ossicles. The structures 
derived from the otic capsule, including the inner ear, internal auditory meatus, and vestibular surface of the stapes, are 
normal. Infants may have conductive hearing loss but normal neurosensory hearing.
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Goldenhar Syndrome (Oculoauriculovertebral Dysplasia): Involves hypoplasia of the hard and soft tissues of the first and 
second branchial arches. Infants present with microtia, epibulbar dermoids, vertebral anomalies, rib anomalies, and 
unilateral frontal bossing.

25. Developmental embryologic clefts result as a failure of fusion between adjacent 
structures. Describe the processes responsible for the major facial clefts.
See Table 53-3.

26. What are the foramina of the 12 cranial nerves?
See Table 53-4.

27. What is the motor function of the trigeminal nerve?
In addition to serving as the sensory cutaneous nerve of the anterior and lateral face, the mandibular division of the 
trigeminal nerve (CN V3) is the motor nerve for the muscles of mastication. This group of four muscles acts directly on 
the mandible and traditionally includes the masseter, temporalis, and medial and lateral pterygoid muscles. Accessory 
muscles, referred to as suprahyoid muscles because of their position superior to the hyoid bone, include the mylohyoid, 
digastric, and geniohyoid and are also innervated by the trigeminal nerve.

28. Describe the action of the muscles of mastication on the mandible.
Contraction of the masseter, temporalis, and medial pterygoid results in elevation of the mandible, whereas contraction 
of the lateral pterygoid and suprahyoid muscles results in mandibular depression. Lateral and medial pterygoid 
contraction also results in mandibular protrusion. Mandibular retraction results from contraction of the suprahyoids and 
posterior portion of the temporalis.

Table 53-3. Developmental Embryologic Clefts

ClEfT TYPE EMBRYOlOgiC ORigiN

Median cleft lip Medial nasal prominences fail to fuse with each other

Unilateral cleft lip Medial nasal prominence fails to fuse with maxillary prominence

Oblique facial cleft Lateral nasal prominence fails to fuse with maxillary prominence

Cleft chin Mandibular prominences fail to fuse to each other

Cleft of oral commissure Maxillary and mandibular prominences fail to fuse together

Table 53-4. Foramina of Cranial Nerves

CRANiAl NERvE fORAMEN

Olfactory (CN I) Cribriform

Optic (CN II) Optic foramen

Oculomotor (CN III) Superior orbital fissure

Trochlear (CN IV) Superior orbital fissure

Trigeminal (CN V1) Superior orbital fissure

Trigeminal (CN V2) Foramen rotundum/inferior 
orbital fissure

Trigeminal (CN V3) Foramen ovale

Abducens (CN VI) Superior orbital fissure

Facial (CN VII) Stylomastoid foramen

Vestibulocochlear (CN VIII) Internal acoustic meatus

Glossopharyngeal (CN IX) Jugular foramen

Vagus (CN X) Jugular foramen

Spinal accessory (CN XI) Jugular foramen

Hypoglossal (CN XII) Hypoglossal canal
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Head and neck cancer 54

 1. A patient returns 6 years after having a resection of a T1 squamous cell carcinoma 
of the floor of mouth with a biopsy-proven cancer in close proximity to the lesion. 
Does this represent a persistence or recurrence of the disease process?
Neither. This is a not uncommon scenario representing a second primary, which is defined as a tumor that presents itself 
more than 5 years after diagnosis and treatment of the first primary tumor with a disease-free interval. After approximately 
3 years, less than 10% of head and neck squamous cell carcinomas have recurred. In fact, more than half of recurrences 
occur within 1 year. If the disease is evident within the first year, then many surgeons consider this a persistence of disease.

 2. What is field cancerization?
Described in 1953 by Slaughter, field cancerization represents changes by environmental factor, genetic factors, or both that 
make the mucosal lining of the upper aerodigestive tract abnormally susceptible to development of both premalignant and 
malignant lesions. This phenomenon is one of the reasons why panendoscopy (laryngoscopy, bronchoscopy, esophagoscopy) 
is performed as part of the initial evaluation for a head and neck tumor and why frequent follow-up is paramount.

 3. What are the relative contraindications to resecting a head and neck cancer?
 • Involvement of the prevertebral fascia: The lymphatics in this area travel inferiorly well into the thorax. In addition, 
if the lesion abuts or invades the periosteum of the spine, resection of the bony spine is required. However, this has 
not been shown to improve survival and could lead to significant morbidities.

 • Involvement of the carotid artery: Usually 270° of tumor surrounding the carotid on computed tomographic (CT) scan 
makes invasion into the vessel a high probability.

 • Skull base involvement: Particularly at the level of the nasopharynx.
 • Bilateral jugular vein involvement: This is a relative contraindication because resection of both veins can lead to 
significant cerebral edema and even blindness.

 4. What is the appropriate evaluation of a lateral neck mass present in an adult  
for at least 3 weeks?
The differential diagnosis of a neck mass in an adult includes neoplastic or inflammatory disease, congenital 
anomalies, and other miscellaneous conditions. The likelihood of malignancy is increased in a patient with a history 
of tobacco or alcohol abuse, age greater than 40 years, chronic hoarseness, weight loss, persistent dysphagia, 
odynophagia, or otalgia, or a history of malignancy of the skin or mucosal surfaces of the head and neck.

Diagnostic evaluation of a neck mass begins with a complete history and examination of the head and neck. After 
identification of a primary lesion, an imaging study of the head and neck (magnetic resonance imaging [MRI] or CT) 
usually is indicated to evaluate the extent of disease and to guide treatment planning. When a primary lesion is not found 
on examination, fine-needle aspiration (FNA) biopsy of the neck mass is indicated. If FNA biopsy demonstrates a benign 
lesion, treatment is tailored to the type and extent of disease. If malignancy is identified, positron emission tomography (or 
PET CT) can be helpful in searching for the occult primary lesion. Examination under anesthesia and endoscopy also are 
indicated. Directed biopsies of the nasopharynx, tonsil, tongue base, and pyriform sinus may be performed if the primary 
lesion remains occult. When FNA is nondiagnostic or equivocal for malignancy, open biopsy is performed concurrently.

 5. What is the classification of lymph node regions in the neck?
Devised at Memorial Sloan-Kettering Cancer Center, level I contains the submental and submandibular triangles. Level I 
is further subdivided into Ia and Ib, representing the submental and submandibular triangles respectively. Levels II to 
IV include lymph nodes along the internal jugular vein and nodes found within the fibroadipose tissue medial to the 
sternocleidomastoid muscle. Level II corresponds to the upper third and includes the upper jugular, jugulodigastric, 
and upper posterior cervical nodes. Nodes anterior to the spinal accessory nerve are said to be in level IIa. Nodes 
posterior are considered to be in level IIb. Levels III and IV are divided at the point where the omohyoid crosses the 
internal jugular vein. Level V includes those nodes in the posterior triangle of the neck (from the posterior border of 
the sternocleidomastoid muscle to the anterior border of the trapezius muscle). Level VI includes the pretracheal and 
paratracheal lymph nodes (Fig. 54-1).
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 6. What are the differences among radical, modified radical, and selective neck 
dissections?
Radical neck dissection, or cervical lymphadenectomy, consists of cervical dissection with removal of the 
sternocleidomastoid muscle, omohyoid muscle, internal jugular vein, spinal accessory nerve, cervical plexus nerves, 
submandibular salivary gland, tail of parotid gland, and all intervening lymphoareolar tissue containing lymph nodes 
(described as nodal levels I through V). The principal indication for radical neck dissection is surgical management 
of bulky (N2 or greater) cervical nodal metastasis. However, given the evolution of neck dissection to more function-
sparing yet oncologically sound operations, this procedure is not used that often in contemporary practice. Furthermore, 
the radical neck dissection is not indicated in the absence of palpable cervical metastasis (Fig. 54-2).

Modified radical neck dissection removes all of the same lymph node groups as the radical neck dissection but spares 
at least one of the nonlymphatic structures removed with the radical neck dissection such as the sternocleidomastoid, 
accessory nerve, or internal jugular vein (Fig. 54-3).

Selective neck dissection removes the cervical lymph nodes considered to be at high risk for metastasis from a given primary 
site. Selective neck dissections are generally performed on an elective basis. Rather than use specific names for a particular 
neck dissection, it has become standard practice to call the neck dissection performed according to the levels of the neck 
dissected and the nonlymphatic structures resected. Thus a modified radical neck dissection type I should be called a 
selective neck dissection of levels I through V with resection of the sternocleidomastoid muscle and the internal jugular vein.

 7. What are the principal indications for adjuvant postoperative external beam radiation 
therapy for patients with squamous cell carcinoma of the head and neck?
Adjuvant radiation therapy is indicated in cases of close or positive surgical margins, extracapsular extension of nodal 
disease, perineural or perivascular invasion, multiple positive nodes, high risk of occult disease in an undissected neck, 
invasion of bone or cartilage, and subglottic extension of laryngeal carcinoma. In these circumstances, postoperative 
radiation therapy improves locoregional control rates and survival compared with surgery alone.

 8. What are the most common benign and malignant tumors of the nose and paranasal 
sinuses?
The most common benign tumors are osteomas, followed by hemangiomas and papillomas. Of the malignant variety, 
squamous cell carcinoma accounts for approximately 70% of tumors, followed by adenocarcinoma (10% to 15%) and 
adenoid cystic carcinoma (5% to 10%).

I
II

III

V

IV

Figure 54-1. Lymph node regions in the neck.  (From Bailey BJ: Head and Neck Surgery: Otolaryngology, 3rd ed. Philadelphia, Lippincott 
Williams & Wilkins, 2001, p 1348.)
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Figure 54-2. Radical neck dissection. (From Bailey BJ: Head and Neck Surgery: Otolaryngology, 3rd ed. Philadelphia, Lippincott Williams & 
Wilkins, 2001, p 1351.)

Figure 54-3. Modified radical neck dissection with preservation of the spinal accessory nerve. (From Bailey BJ: Head and Neck 
Surgery: Otolaryngology, 3rd ed. Philadelphia, Lippincott Williams & Wilkins, 2001, p 1348.)
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 9. Where do nasal and sinus tumors originate?
The maxillary sinus is the most common site (55% to 60%), followed by the nasal cavity (30% to 40%) and ethmoid 
sinus (9%).

10. Describe the lymphatic drainage of the oral tongue.
The oral tongue (or anterior two thirds of the tongue) has an extensive array of lymphatics that drain to the cervical 
nodes. The superior cervical (level II) lymph nodes are the most common site of cervical metastasis from oral tongue 
cancers. Lymph nodes in levels I and III are also at high risk for metastasis from early tongue cancer.

 11. What is the role of elective neck dissection in the management of patients with early 
(stages I and II) squamous cell carcinoma of the oral tongue?
Elective supraomohyoid neck dissection (zones I to III) usually is recommended for patients with stage I and II oral tongue 
cancers. Patients with T1N0M0 and T2N0M0 oral tongue cancers have a substantial risk (30% and 50%, respectively) of 
occult metastatic disease in the neck. If elective dissection of levels I to IV of the neck identifies occult nodal metastasis in 
two or more lymph nodes or extracapsular nodal extension of disease, adjuvant radiation may be warranted (Table 54-1).

 12. What is the role of elective radiation therapy in oral tongue cancer?
Elective radiation therapy can be an effective option for treatment of the N0 neck for patients with squamous cell 
carcinoma of the oral tongue. No studies comparing elective radiation therapy with elective neck dissection have clearly 
demonstrated the benefit of one treatment modality over the other. Regardless of the choice of treatment, the prevailing 
opinion favors elective treatment of the N0 neck for patients with invasive squamous cell carcinoma of the oral tongue 
because of the high likelihood of occult metastases.

Table 54-1. AJCC Tumor Staging for Oral Cavity Cancers

AJCC Proposed System for Staging of Primary Tumors (T)

TX Primary tumor cannot be assessed T3 Tumor >4 cm in greatest dimension
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor ≤2 cm in greatest dimension
T2 Tumor >2 cm but <4 cm in greatest dimension

T4 Tumor invades adjacent structures 
(e.g., through cortical bone, into deep muscle of 
tongue, maxillary sinus, skin; superficial erosion 
of bone/tooth socket by gingival tumor is not 
sufficient to classify as T4)

AJCC Staging for Regional Lymph Node Metastasis (N) from Oral Cavity Carcinoma

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in a single ipsilateral lymph node, ≤3 cm in greatest dimension
N2 Metastasis in a single ipsilateral lymph node >3 cm but <6 cm in greatest dimension; in multiple ipsilateral 

lymph nodes, none >6 cm in greatest dimension; or in bilateral or contralateral lymph nodes, none >6 cm in 
greatest dimension

N2a Metastasis in a single ipsilateral node >3 cm but <6 cm in greatest dimension
N2b Metastasis in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension
N2c Metastasis in bilateral or contralateral lymph nodes, none >6 cm in greatest dimension
N3 Metastasis in a lymph node >6cm in greatest dimension

AJCC Staging for Distant Metastasis (M) from Oral Cavity Carcinoma

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

TNM Stages for Oral Cavity Carcinoma

STAGE PRIMARY TUMOR NODE METASTASIS DISTANT METASTASIS
0 Tis N0 M0

I T1 N0 M0

II T2 N0 M0

III T3
T1
T2
T3

N0
N1
N1
N1

M0
M0
M0
M0

IV any T4 N2 or N3 any M1

AJCC, American Joint Committee on Cancer Staging.
From Fleming ID, Cooper JS, Henson DE, et al (eds): AJCC Cancer Staging Manual. Philadelphia, Lippincott-Raven, 1997.
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 13. What methods are available for assessing mandibular bony invasion with carcinomas 
of the oral cavity?
Determination of the presence and extent of mandibular invasion is critical in formation of a treatment plan for the patient 
with oral cavity cancer, particularly floor of mouth neoplasms. Various imaging studies are available for assessment of 
mandibular bone invasion, including plain films, orthopantography, PET, PET/CT, CT, and MRI. CT (especially with the aid of 
the dental CT software program DentaScan) remains the most sensitive imaging study for assessing the integrity of the 
mandibular cortical bone. MRI is advantageous when evaluating for marrow space and/or nerve involvement.

 14. What surgical techniques are appropriate for management of oral cavity cancers that 
are adjacent to or invade the mandible?
Segmental mandibulectomy is indicated when carcinoma invades the mandible. Mandibular-sparing techniques 
involving marginal (or rim) resections are appropriate when the tumor invades the periosteum and/or minimally erodes 
cortical bone. This technique involves resecting a portion of the lingual cortex as part of the surgical margin. This can be 
indicated when adequate margins would be difficult to obtain with soft tissue resection alone. If direct invasion of the 
mandible is identified during the course of marginal mandibulectomy, the procedure should be converted into segmental 
mandibulectomy (bicortical bone resection).

 15. What are the subsites of the oropharynx?
Tonsils, tongue base, soft palate, and pharyngeal wall. Note the hard palate is part of the oral cavity.

 16. What is the role of surgery versus radiation in the treatment of early (T1 and T2) 
squamous cell carcinomas of the oropharynx?
Early cancers of the oropharynx are stage I and stage II lesions. Such lesions are not commonly diagnosed because 
patients often are asymptomatic. In a significant number of cases, a neck mass is the first presenting symptom. The 
presence of a neck mass increases the disease stage to at least stage III.

Surgery or radiation therapy provides effective control of early oropharyngeal cancers. Because of the possibility of 
tissue preservation and diminished morbidity after radiation, many patients and physicians choose radiation therapy 
as the initial treatment of early oropharyngeal cancers. However, complications of radiation (e.g., significant fibrosis 
of the oropharynx) have been reported. Furthermore, if surgery is needed for salvage or in a recurrence situation, the 
postoperative complication rate is higher if the patient was previously radiated and is worse if the patient had received 
both chemotherapy and radiation.

 17. How is the oropharynx accessed surgically?
The oropharynx is accessed transorally via a pharyngotomy or a transmandibular approach. The transoral approach is 
appropriate for T1 cancers of the anterior tonsillar pillar, soft palate, and superior pharyngeal wall. Limited exposure 
to the lateral pharyngeal wall and inferior tongue base can be achieved with lateral and/or transhyoid pharyngotomy. 
Larger tumors and tumors of the tongue base typically require broader exposure. Mandibulotomy with mandibular swing 
offers excellent exposure for access to larger tumors of the oropharynx and parapharyngeal space.

 18. What are the major differences in clinical behavior between cancers of the glottic 
and supraglottic larynx?
The glottic larynx includes the true vocal cords, anterior commissure, and posterior commissure. The anterior 
commissure, vocal ligament, thyroglottic ligament, and conus elasticus are the principal anatomic structures that 
surround the glottic larynx and act as barriers to the spread of malignancy. The glottis is poorly supplied with blood and 
lymphatic vessels. Accordingly, the risk of cervical metastasis with cancers confined to the glottis is less than 10%.

The supraglottic larynx is composed of the epiglottis, preepiglottic space, aryepiglottic folds, ventricular bands (false 
cords), and arytenoids. The supraglottic larynx is richly supplied with blood and lymphatic vessels. Unlike glottic cancer, 
early cervical nodal metastasis is much more likely because of the extensive supraglottic lymphatic network. The overall 
cervical metastasis rates for T1 and T2 squamous cell carcinomas of the supraglottis are approximately 25% and 70%, 
respectively. Behavioral patterns of early glottic and supraglottic cancers often allow function-sparing treatment. T1 and 
T2 glottic cancers usually are treated with conservation surgery, such as laser excision of the lesion, cordectomy, or 
radiation therapy. Because of the high risk for cervical metastasis, consideration should be given to elective treatment of 
bilateral cervical lymph nodes in all cases of supraglottic squamous cell carcinoma.

 19. What is the role of a larynx preservation strategy using radiotherapy with or without 
chemotherapy in advanced laryngeal cancers?
Total laryngectomy was the accepted standard form of treatment for most patients with advanced laryngeal cancer 
for many years. More recently, however, chemotherapy used in combination with radiation therapy has increased the 
efficacy of preserving the larynx and providing local regional control and survival rates comparable with those of surgery 
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and adjuvant radiotherapy. This approach to laryngeal conservation gained support after the study performed by the 
Department of Veterans Affairs Laryngeal Cancer Study Group clearly demonstrated that a population of patients with 
advanced laryngeal cancer could be cured without laryngectomy. Large randomized studies that have followed this 
landmark study have shown that this approach is effective for many T3 lesions but only selected T4 lesions. Larger 
T4 lesions still are most effectively managed surgically with adjuvant radiation. These studies have shown that in 
addition to providing local-regional control, the added benefit of chemotherapy is a decrease in development of distant 
metastases. Nevertheless, for individual patients, predicting whether speech and swallowing function will be better 
with a surgical or an organ-sparing approach is difficult. In this regard, many partial laryngectomies are available, such 
as supracricoid, supraglottic, hemi, and others that can be performed either open or transorally with a laser, which can 
provide excellent functional and oncologic results.

 20. What methods are currently available for speech rehabilitation in patients who 
undergo total laryngectomy?
Return of speech function is one of the most important determinants of quality of life after total laryngectomy (the other 
being swallowing). The three general methods of speech restoration after total laryngectomy are tracheoesophageal 
puncture (TEP) speech, esophageal speech, and use of a mechanical artificial larynx. Of the three, TEP speech has 
emerged as the favored method.

TEP speech requires surgical creation of a small fistula between the esophagus and trachea. The fistula is created 
with TEP at the time of laryngectomy (even in the setting of a flap for pharyngeal reconstruction) or as a secondary 
procedure. A prosthesis consisting of a one-way valve is placed into the fistula, usually at the time of laryngectomy. 
To produce sound, the tracheostoma is occluded on exhalation, forcing air into the pharyngoesophageal segment. 
As in esophageal speech, vibration of the pharyngeal and esophageal walls creates sound. Injection of air via TEP is 
much easier than with the esophageal speech method. Successful vocalization occurs in up to 95% of patients who 
have primary or secondary TEP.

 21. What is the role of laser surgery in the treatment of early laryngeal cancer?
Early glottic disease encompasses lesions ranging from carcinoma in situ to T2 lesions with normal cord mobility. 
Traditionally, treatment of these lesions would be either radiation therapy or partial laryngectomy. With the advent of 
microsurgical techniques and the coupling of the carbon dioxide laser to the microscope, endolaryngeal techniques 
for resection of early glottic tumors have become a new but widely accepted modality of treatment. In most cases, 
tracheostomy is not required and hospitalization is minimal. Small case series comparing cure rates among laser 
resection, radiation therapy, and open procedures show similar outcomes. Even larger tumors recently have been 
successfully treated in this manner.

 22. Name the most common benign and malignant tumors of the parotid gland.
Pleomorphic adenoma is the most common tumor of the parotid gland overall. Warthin’s tumor is the second most 
common tumor of the parotid gland and the most common bilateral tumor. It is an interesting tumor in that it has 
significant amount of mitochondria, which accounts for its high uptake in technetium-99 scanning. Although there is 
a small chance of malignant transformation with pleomorphic adenoma, there is no such relationship with a Warthin’s 
tumor. Oncocytoma is another benign tumor of the parotid gland that is rich in mitochondria and has a similar pattern of 
uptake with technetium-99 scanning.

Eighty percent of parotid tumors are benign; thus the other 20% are malignant. The three most common tumors of the 
parotid gland in order are mucoepidermoid carcinoma, adenoid cystic carcinoma, and acinic cell carcinoma. Adenoid 
cystic carcinoma is especially virulent, with significant neurotropism and a propensity to metastasize to the lung. Other 
carcinomas that are seen in the parotid gland are squamous cell carcinoma, although usually from a skin metastasis, 
and lymphoma, which has a high association with Sjögren’s disease. In children the most common benign lesion is a 
hemangioma, and the most common malignant lesion is a rhabdomyosarcoma.

 23. What is the biopsy technique for a lesion of the parotid gland?
In the case of a parotid lesion, any “typical” lesion that is nonfixed, has normal facial nerve function, or is long-
standing in nature should be evaluated further. Imaging is rarely needed unless something unusual exists with the 
lesion (e.g., patient has a history of skin cancer or Sjögren’s disease). The biopsy for a parotid lesion is a superficial 
parotidectomy with facial nerve preservation. Enucleation puts the patient at risk for a local recurrence and injury to 
the facial nerve.

 24. What are the major indications for facial nerve sacrifice during surgery for parotid 
gland neoplasms?
The only indications for sacrifice of all or portions of the facial nerve during parotid gland surgery for neoplasm are 
direct nerve invasion and inability to remove the tumor without nerve sacrifice. Histologic diagnosis (e.g., adenoid cystic 
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carcinoma, which has a propensity for perineural invasion) and proximity of tumor to nerve without direct invasion are 
not appropriate indications for facial nerve resection.

 25. What is the appropriate initial management of patients with a thyroid nodule?
Initial evaluation of a thyroid nodule should determine which patients will benefit from a surgical procedure and which 
patients require medical management before or in lieu of surgery. The first appropriate diagnostic step is determination 
of the serum level of thyroid-stimulating hormone (TSH). If the patient is determined to be hyperthyroid, a radionuclide 
scan is indicated to distinguish a hyperfunctioning nodule from a cold nodule. Identification of a hyperfunctioning nodule 
negates the need for further evaluation because the risk of malignancy is extremely low.

Most patients with a thyroid nodule have a normal serum TSH level. FNA biopsy of the nodule is indicated in such patients. 
All patients who have identifiable malignancy on FNA should be considered candidates for surgical resection of thyroid 
malignancy. However, only approximately 5% of patients have lesions identified as malignant or suspicious for malignancy. 
The vast majority (at least 60%) have benign solitary nodules that can be treated initially with thyroid suppression therapy.

 26. What are the major prognostic factors that predict clinical outcomes for patients 
with differentiated thyroid (papillary and follicular) cancers?
Various classification and staging schemes attempt to predict outcomes for patients with differentiated thyroid cancers. 
Important prognostic factors are sex, age at diagnosis, tumor size, histologic grade, extrathyroidal extension, unifocal 
versus multifocal disease, cervical nodal metastasis, and distant metastasis.

 27. What is the appropriate surgical margin for resection of cutaneous melanomas in the 
head and neck region?
Recommendations for surgical resection margins for melanoma are based on tumor thickness. For in situ lesions, 
a 0.5-cm margin of surrounding skin and into the underlying subcutaneous tissue should be resected. For lesions 
1 to 2 mm deep, a margin of 1 cm is required, and lesions 2 to 4 mm thick should be resected with a 2-cm 
margin. Any lesion thicker than 4 mm should have margin greater than 2 mm.

A principal problem with head and neck melanomas is that a 2-cm circumferential margin often is not possible without 
inflicting major cosmetic or functional deformity. As a general rule, the wide excision is carried to the anatomic margin of the 
cosmetic or functional unit. If narrower margins (1 cm) are used for lesions 1.5 mm or greater in depth, perineural invasion 
and/or ulceration adjuvant radiotherapy can provide local-regional control in 85% to 90% of patients. However, radiobiology 
of melanoma is different from that of other tumors; therefore it is given in five 6-Gy fractions given over a 2.5-week period.

 28. What is the role of elective neck dissection in the management of melanomas of the 
head and neck?
The value of elective neck dissection for all patients with cutaneous melanoma of the head and neck is uncertain 
in terms of promoting improved survival. The most significant benefit of elective dissection currently appears to be 
identification of patients with occult metastatic disease.

Given the results of the Eastern Cooperative Oncology Group trials of adjuvant interferon alfa-2b, identification of occult 
nodal disease and subsequent treatment with adjuvant interferon should provide survival benefit. Other methods for 
identification of occult cervical metastasis, such as lymphoscintigraphy and sentinel node biopsy, may prove to be more 
cost-effective means of identifying patients who will benefit from postoperative adjuvant treatment.

 29. What are the indications for a selective neck dissection versus modified radical neck 
dissection in patients with squamous cell carcinoma? What if the tumor is papillary 
thyroid cancer or melanoma?
In general, the selective neck dissection has been reserved for patients with no palpable cervical lymphadenopathy, that 
is, the N0 neck. A prospective, multicenter study conducted in Brazil demonstrated no survival benefit of performing a 
modified radical neck dissection in patients without palpable neck disease. In such patients a selective neck dissection 
is appropriate, thus sparing the patient the morbidity associated with a modified radical neck dissection. More recent 
studies show that in the case of oral cavity cancer, a selective neck dissection also may be feasible in the case of N1 
and N2a disease, with control rates as high as 94% reported in one series.

In non–squamous cell carcinomas of the head and neck (e.g., thyroid or melanoma), a modified radical neck 
dissection is the current treatment of N1 disease. This includes levels II to V and, in the case of thyroid cancer, the 
central compartment of paratracheal nodes (level VI). The location of the primary lesion in the case of melanoma or 
nonmelanoma skin cancers dictates the necessity of dissecting the parotid gland, the postauricular nodes, and/or 
suboccipital nodes in addition to levels I to V of the neck.
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LocaL FLaps oF the head and neck 55

GENERAL PRINCIPLES

 1 What are the advantages of using local flaps in the head and neck?
 • Local flaps have similar skin color and texture for the site of the defect.
 • Donor sites frequently can be closed directly.
 • Partial or complete loss of skin grafts can leave color mismatch to native skin.
 • Use of local flaps is associated with less scar contracture.

 2. Full-thickness defects up to what width can be repaired with composite grafts?
From 1 to 1.5 cm. In practicality, the color and texture mismatch precludes the use of grafts. One should make every 
attempt to use local tissue, when available, for reconstruction. Good candidate sites for composite graft reconstruction 
include the nasal ala and the ear. Good donor sites for composite graft harvest include the concha and helical root of 
the ear.

 3. What are the major problems with the use of local flaps?
Local flaps of the head and neck require planning and experience. Flaps should be the same size and thickness of 
the defect; otherwise, problems will develop. Flaps that are designed too small for the defect can lead to trapdoor 
deformities. The use of local flaps is more difficult in children because of their relative lack of skin laxity. Preservation of 
local anatomic landmarks such as the temporal hairline and eyebrows is imperative.

 4. In the planning of local flaps, what are the two main vasoelastic biomechanical 
properties of the skin of which the surgeon must be aware?
 • Stress relaxation occurs when a constant load is applied to the skin, causing it to stretch. With time the load required 
to maintain the skin in its stretched position decreases.

 • Creep occurs when a sudden load is applied to the skin and is kept constant. The amount of extension increases with 
the passage of time.

 5. Where should incision lines for local flaps and donor areas be placed?
Lines of minimal relaxed tension. The skin tension is at right angles to these lines.

 6. In the design of a rotational flap the defect should be excised in what shape?
A triangle with the base as the shortest side.

 7. In a rotation flap, where is the line of greatest tension?
The line of greatest tension extends from the pivot point of the flap to where the edge of the defect nearest to where the 
flap previously lay (Fig. 55-1).

Area of greatest risk

Line of maximal tension

Figure 55-1. Rotation flap. (From Jackson IT: Local Flaps in Head and Neck Reconstruction. St. Louis, Mosby, 1985, p 10.)
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Figure 55-3. Rhomboid (Limberg) flap. A, Four potential flaps can be designed from each rhomboid defect. B, As with Z-plasty, flap 
elevation should extend slightly beyond the base of the flap. C, D, The angles of the flap are secured with three-point sutures, and the donor 
site is closed directly. (From Jackson IT: Local Flaps in Head and Neck Reconstruction. St. Louis, Mosby, 1985, p 17.)

 8. In an advancement flap, what is excessive skin at the base called?
Burow’s triangles, which are excised lateral to the flap base (Fig. 55-2).

 9. How many potential flaps can be designed from each rhomboid defect?
Four (Fig. 55-3).

 10. What are the common angels of the rhomboid defect created for flap closure?
60° and 120°.

 11. Large circular defects can be converted into a hexagon to facilitate closure. How 
many rhomboid flaps are available for closure of this defect?
Six (Fig. 55-4).

12. How many rhomboid flaps are most commonly used for closure of a hexagonal 
defect?
Three.

Burow’s triangle

Figure 55-2. Burow’s triangles. (From Jackson IT: Local Flaps in Head and Neck Reconstruction. St. Louis, Mosby, 1985, p 13.)
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13. What are the angles used for a Dufourmental flap?
30° and 150°. This flap adheres to similar principles as the rhomboid flap but is based on 30° and 150° angles instead 
of 60° and 120°. This allows closure with less tension than the traditional rhomboid flap.

14. What are the major indications for performing a Z-plasty?
 • Adjusting contours through tissue reorientation.
 • Realigning scars within lines of minimal tension.
 • Lengthening linear scar contractures.
 • Dispersing linear scars for cosmetic adjustment.

15. In the design of a Z-plasty, what angles yield what percent gain in length?
See Table 55-1. The 60° Z-plasty is most commonly used because it adds considerable length while minimizing the 
closure tension.

16. What is the major indication for a W-plasty?
Scar revision.

17. What are the causes for local flap failure in the head and neck include?
 • Small flap design to fill a large defect
 • Hematoma
 • Damaged blood supply (technical error)
 • Making the flap extend outside the blood supply (design fault)
 • Suturing the wound under tension and failing to use a back-cut

18. Describe the fallacy of the length-to-width ratio in designing skin flaps in the head 
and neck.
The fallacy is that by widening the base of a flap you can improve the perfusion length of the flap by incorporating a 
greater number of vessels at the base. In the past, flaps were designed by this length-to-width ratio so that a wider 
base was needed to transfer a longer flap. These wider flaps may incorporate more vessels; however, the vessels all 
have the same perfusion pressure, and necrosis still occurs at the distance where the perfusion pressure falls below the 
closing pressure of a capillary bed. The survivability of the distal portion of a flap depends on the physical properties of 
the vessels supplying the flap and their perfusion pressures.

Comment: All of the flaps discussed can be used for defects in the head and neck.

A B C

a

a

c

c

e

e

f

f
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d

d

Figure 55-4. Triple rhomboid. A hexagon can be converted into three rhomboids. Rhomboid flaps can be planned on the 120° angle; thus 
six potential flaps are available. Three of these flaps are used for closure of the defect. (From Jackson IT: Local Flaps in Head and Neck 
Reconstruction. St. Louis, Mosby, 1985, p 19.)

Z-PLASTY THEORETIC GAIN

30° 25%

45° 50%

60° 75%

75° 100%

90° 120%

Table 55-1. Z-Plasty Design
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FOREHEAD

19. Much of the forehead can be anesthetized by infiltration of local agents around 
which nerves?
The supraorbital nerves. These nerves are located at the junction of the central and medial thirds of the supraorbital rim 
and are from cranial nerve (CN) V.

20. The key concept in forehead reconstruction is a firm knowledge of which structures?
Fixed aesthetic structures, such as the eyebrows and hairline.

21. Which area of the forehead has thinner and more pliable skin?
The glabella region.

22. What is the motor supply to the forehead musculature?
The frontal branch of the facial nerve (CN VII), which travels along a line from 0.5 cm below the tragus to 1.5 cm above 
the lateral end of the eyebrow. The frontal branch of the facial nerve lies within the temporoparietal fascia superior to 
the zygomatic arch. This facial nerve branch is located in a deep plane in the facial area and becomes more superficial 
as it crosses the zygomatic arch into the temporal region. Operative procedures that involve exposure of the zygomatic 
arch for reconstruction or subperiosteal exposure of the facial skeleton should be performed through dissection deep to 
the temporoparietal fascia to prevent injury.

23. Where are the lines of minimal tension in the forehead?
Transverse in the forehead and vertical in the glabella region. Scars placed on the diagonal are least satisfactory.

24. To avoid pin cushioning, how should incisions be placed?
Vertically oriented through the skin.

25. What are the four aesthetic units of the forehead?
 • Main forehead
 • Supra eyebrow
 • Temporal
 • Glabella

26. Which technique allows additional rotational length for flaps on the forehead and scalp?
Galeal scoring with intervals of 0.5 to 1 cm.

27. When scalp mobility and galeal scoring are not sufficient, which technique allows for 
closure of difficult defects?
Bilateral rotational flaps. The defect is triangulated and bilateral scalp flaps are elevated. The forehead is denervated; 
however, because bilateral flaps are elevated, symmetry is maintained. Problems may arise if the lateral incisions are 
carried too posterior to interfere with the blood supply.

28. How is supra eyebrow reconstruction best achieved?
With island flaps based on the superficial temporal artery.

29. How is the eyebrow best reconstructed?
Micrografts (hair follicle transplantation).

30. Because of the limited amount of forehead skin, epidermolysis can occur. How 
should it be treated?
Conservatively. Bony exposure may require removal of the outer cortex and permitting the wound to granulate or skin 
grafting of the defect. Alternatively, another local flap may be required; however, most defects heal remarkably well by 
secondary intention.

LIPS

31. What are the major functional muscles of the lips and cheeks?
The orbicularis oris is a complex sphincter that functions in conjunction with the muscles of facial expression. Its deep 
and oblique fibers are positioned in and about the vermilion and function as a sphincter to approximate the lips to 
the alveolar arch. The superficial elements receive decussating fibers from the buccinator and function to purse and 
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protrude the lips. A major muscle of the cheek is the buccinator, which originates from the alveolar process of the 
maxilla, mandible, and pterygomandibular raphe and inserts at the corners of the mouth deep to the other muscles 
of facial expression. The buccinator fibers from above become continuous with the orbicularis of the lower lip and 
those from below merge with the orbicularis fibers of the upper lip. On the superficial surface of the buccinator are the 
buccopharyngeal fascia and the buccal flap pad. In the region of the third molar, the muscle is pierced by the parotid 
duct. The action of the buccinator is cheek compression, which serves to assist other muscles in mastication. The 
principal elevator of the upper lip is the levator labii superioris. The zygomaticus major draws the lip up and back while 
the risorius and buccinator clear the gingival sulci. Depression and lip retraction are mainly controlled by the platysma, 
depressor labii inferioris, and depressor anguli oris.

32. What are the reconstructive goals of the lip?
 • Complete skin coverage
 • Reestablish the vermilion
 • Adequate stomal diameter
 • Reestablishment of sensation
 • Oral sphincter competence

33. Anesthetic blockade of the lower lip can be accomplished by infiltration of anesthesia 
at the mental nerve foramen located beneath the apex of which mandibular tooth?
The mental nerve foramen can be found beneath the apex of the second bicuspid tooth. This nerve supplies sensory 
innervation to the skin and mucous membranes of the lower lip as well as the skin of the anterior mandible and chin.

34. During surgical resection and reconstruction, the vermilion–skin junction should be 
crossed at what angle?
90°. The vermilion–skin junction should be tattooed with methylene blue and a 25-gauge needle prior to surgical 
resection. This prevents the loss of the white roll with the application of anesthetic combined with epinephrine. 
Discrepancies in alignment as little as 1 mm may be noticeable.

35. In the staircase or stepladder technique for lip reconstruction, what is the measure 
of the horizontal component of the step excisions?
The step technique allows closure of defects of up to two thirds of the lower lip. This type of flap retains relatively good 
sensation, muscle continuity, and function and can be adjusted for lateral defects. The horizontal component of the step 
excisions measure half the width of the defect; thus usually two to four steps are required. The vertical dimension of 
each step is 8 to 10 mm (Fig. 55-5).

36. What are the indications for an Abbe flap?
The Abbe flap is a highly useful flap that can be used for moderate-sized defects of the upper and lower lips. Indications 
for the flap include a moderate-sized defect of the lower lip that is off center but spares the commissure, a defect of the 
philtrum of the upper lip, and restoration of symmetry to an overly small lower lip as part of a staged reconstruction. The 
flap should be positioned so that the width of the vermilion of the donor site matches the lip segment being replaced. 
The flap is designed with the width half of the defect so that tissue deficiency will be shared equally between the upper 
and lower lip. If a discrete aesthetic unit is being replaced, the exact corresponding size of the flap should be outlined. 
Division of the flap occurs at 2 to 3 weeks (Fig. 55-6).

�8 mm

x1
2

x

Figure 55-5. Staircase of stepladder method introduced by Johanson et al. in 1974 can be used for both central and 
lateral defects. Although function and sensation may be preserved, the incisions usually are obvious. (From Zide BM: 
Deformities of the lips and cheeks. In McCarthy JG [ed]: Plastic Surgery. Philadelphia, WB Saunders, 1990, p 2009.)
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37. How are defects of the commissure addressed?
The Estlander flap is most useful in medium-sized lateral defects of the upper or lower lip that includes the commissure. 
Its dissection is similar to the Abbe flap, but because it does not have to preserve an intact commissure it can be 
performed in one stage. As with the Abbe flap, the Estlander flap is designed to include approximately half of the defect. 
Secondary revisions of the commissure may be required (Fig. 55-7).

38. Which flap restores lip continuity with preservation of the motor and sensory 
function?
The Karapandzic flap, a modification of the Gilles fan flap, maintains the neurovascular pedicle in the soft tissue while 
rotating and restoring sphincter continuity. For this reason it tends to provide better functional results (Fig. 55-8).

39. The Bernard operation advances full-thickness local flaps with concomitant 
triangular excisions to allow proper mobilization. What does the Webster 
modification of the Bernard-Burow cheiloplasty include?
 • Excision of skin and subcutaneous tissue only in Burow’s triangles to maintain innervated muscle-bearing flaps
 • Location of the triangular excisions farther laterally in the nasolabial fold instead of next to the commissure
 • Paramental Burow’s triangles to ease inferior advancement of the cheek tissue (Fig. 55-9)

40. What are the options for restoration of the hair-bearing skin for lip reconstruction?
The nasolabial flap can be used for hair-bearing reconstruction of the upper lip. However, full-thickness flaps destroy 
innervation to the upper lip. The temporal island scalp flap also can be used for hair restoration. Additionally, micrograft 
hair follicle transplantation can be used.

A B C

Figure 55-6. A, Central upper lip  full-thickness defect, with design of shield-shaped flap (Abbe flap) from lower lip based on inferior labial 
artery. B, Transposition of central Abbe flap, with donor site inferior edge descending to labial mental sulcus. C, Maturation of wound: End 
result. (From Lesavoy MA: Lip deformities and their reconstruction. In Lesavoy MA [ed]: Reconstruction of the Head and Neck. Baltimore, 
Williams & Wilkins, 1981, p 95.)

A B

Figure 55-7. A, B, Estlander flap. Although 
this flap provides closure for lower lip defects, 
it produces a rounded commissure that may 
require secondary revision. (From Zide BM: 
Deformities of the lips and cheeks. In McCarthy 
JG [ed]: Plastic Surgery. Philadelphia,  
WB Saunders, 1990, p 2009.)
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41. In commissure reconstruction, restoration of what structure is critical?
Restoration of the orbicularis oris sphincter mechanism is critical for oral competence. This can be performed by 
approximation of this muscle with suture.

CHEEK

42. What are the aesthetic units of the cheek?
The aesthetic units of the face are composed of topographic zones of the cheek. These zones include the suborbital, 
preauricular, and buccomandibular zones.

43. The cheek can be anesthetized by infiltration of local agents around what nerves?
The infraorbital nerve is located at the junction of the central and medial thirds of the infraorbital rim at a point 
0.5 to 1 cm below the rim. The mental nerve exits from the foramen 1 to 1.5 cm above the lower rim in the region of 
the canine premolar teeth. It lies in the vertical plane along with the supraorbital and infraorbital nerve. The mandibular 
nerve supplies an area extending to the tragus but not incorporating the ear and stopping short of the inferior border of 
the mandible. The lower cheek and neck are supplied by the anterior cutaneous nerves and the great auricular nerve.

44. What is the motor nerve supply to the muscles of the cheek?
CN VII to the superficial muscles and CN V to the masseter.

Figure 55-8. Karapandzic 
technique produces a functioning 
sphincter and can be used 
bilaterally. Central defects of up to 
80% can be reconstructed. (From 
Zide BM: Deformities of the lips and 
cheeks. In McCarthy JG [ed]: Plastic 
Surgery. Philadelphia, WB Saunders, 
1990, p 2009.)

A B

Figure 55-9. A, Original Bernard operation used for full-thickness triangular incisions. B, Webster modification provided major technical 
advances. Mucosal flaps (stippled) were used for vermilion reconstruction. The nasolabial excisions became partial thickness. Schuchardt 
flaps facilitated cheek advancement. (From Zide BM: Deformities of the lips and cheeks. In McCarthy JG [ed]: Plastic Surgery. Philadelphia, WB 
Saunders, 1990, p 2009.)
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45. Reconstruction over the malar eminence may impinge upon what important 
structures?
The lower lid and canthal areas. Flap design should be performed to place the minimal amount of tension within this 
area. Prevention of lower lid ectropion can be performed by securing the advancing flap to the periosteum of the 
zygoma thus preventing pull on the lower lid.

46. Small defects of the cheek area are best reconstructed with what type of flaps?
Defects that are not amenable to primary closure frequently are suited for small local flaps. The laxity and vasculature of 
the facial skin enable the closure of defects that may not be acceptable in other body locations. The Limberg (rhomboid) 
local transposition and rotational flaps offer well-vascularized tissue for wound closure. In addition, use of these flaps 
over the malar eminence may prevent an ectropion due to skin graft contracture. The nasolabial flap provides 
well-padded vascularized tissue. The bulky nature of the flap and the requirement of further revisions of the dog 
ears may preclude the use of this flap for some patients.

47. Defects approaching 4 ¥ 6 cm are best reconstructed with what type of flap?
The cervicofacial flap describes a reconstructive method that requires extensive cervical cheek, retroauricular, 
and chin undermining for flap advancement. The flap can be extended onto the chest if necessary. The rotation 
of the flap is in a superomedial direction, and a superior dissection lateral to the eye must be performed 
to prevent possible ectropion as the flap is advanced. In smokers, that flap should not be raised in the 
subcutaneous plane alone. Dissection into the mucosa can allow closure of intraoral and through-and-through 
defects with this flap.

48. Describe the submental mycocutaneous flap and blood supply. What regions of the 
face/neck can be reconstructed with this flap?
The submental mycocutaneous flap provides an option for reconstruction of defects in the lower, central, and portions 
of the inferior aspect of the upper third of the face. Defects up to 10 × 6 cm can be covered with this flap, offering 
contour, color match, and tissue texture that are suitable for facial reconstruction. The flap is raised below the level of 
the platysma and incorporates the submental artery and vein (branches of the facial artery and vein).

49. What are the advantages of a cervicopectoral flap?
The medially based cervicopectoral flap offers many advantages. First, it is vascularized by anterior thoracic perforators 
off the internal mammary artery. Second, when the flap is delayed it may replace the entire aesthetic unit of the cheek. 
The flap is elevated deep to the platysma muscle and anterior pectoral fascia.

HEAD AND NECK

50. What are the optimal characteristics of a technique required for head and neck 
reconstruction?
Reliability is the most important factor in any type of oncologic reconstruction. Patients requiring head and neck 
reconstruction usually have advanced disease, with either a limited survival or the need for adjuvant therapy. 
A failed reconstruction that prolongs hospitalization time and increases cost does not improve quality of life. 
Furthermore, prolonged reconstruction is time taken away from family and/or additional adjuvant therapy. A 
reliable reconstructive technique reduces temporal demands. This attribute must be kept in mind when choosing a 
reconstructive method.

Expediency must be considered for any reconstructive technique. In most cases a one-stage reconstruction should be 
used. Patients seldom benefit from multistage procedures that will take several months to complete, delaying adjuvant 
therapy and interfering with valuable family time.

Function and cosmesis are other important considerations during the planning of any type of reconstruction. Whether 
restoration of contour is possible depends on the defect size, the location, and the structures involved. The type and 
grade of the tumor as well as the psychological makeup of the patient determine the reconstructive method that will 
provide the best function and contour.

51. How are defects of the head and neck classified?
Three categories of head and neck defects have been identified by Hanna. The type of defect must be defined prior to 
choosing a reconstructive modality.

 • Class A: Defects Requiring Mandatory Cover. Class A defects include exposed brain and/or dura, ocular structures, 
great vessels of the neck, upper mediastinum and lungs, and/or bone (cranium and facial bones). Coverage of 
these structures is critical for wound healing and survival.
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 • Class B: Defects Yielding Significant Functional Deficit. Class B defects include those involving the mucosa and soft 
tissue of the oral cavity, mandible, lips and cheeks, and/or facial nerve. Reconstruction of these structures is not 
critical for survival; however, marked functional deficits occur without adequate reconstruction.

 • Class C: Defects Yielding Significant Aesthetic Deficits. Class C defects involve specialized structures such as the 
nose, ears, eyes, hair-bearing areas, and/or external skin contours. Although loss of these structures can result in 
significant loss of cosmesis and quality of life, the timing of reconstruction is less important than with class A and 
B defects. Temporized wound coverage with simpler reconstructive methods can be used. Definitive reconstruction 
can be postponed until adjuvant therapy has been completed.

52. Which flap, based on the superficial temporal vessels, can cover large external or 
intraoral defects?
The forehead flap can include half to two thirds of the forehead and traditionally was used for intraoral reconstruction 
with a two-stage procedure. The original flap did not include the contralateral forehead tissue; however, the entire 
forehead can be included with the dissection. Significant donor site morbidity and use of microsurgical reconstruction 
preclude the use of this flap except for a few indications.

53. The blood supply of the sternocleidomastoid myocutaneous flap is derived from what 
three sources?
 • Occipital artery in the proximal third
 • Superior thyroid artery in the middle third
 • Branch from the thyrocervical trunk in the distal third

The main limitation of this flap is its variable blood supply and limited arc of rotation. It has been called the most 
tenuous of all the musculocutaneous flaps used for head and neck reconstruction.

54. Based on the transverse cervical artery, which flap can be elevated in a lateral or 
descending direction?
The trapezius myocutaneous flap can be designed in several directions. The lateral trapezius flap provides thin, pliable 
skin over the proximal deltoid area. The origin of the superficial branch of the artery and venous drainage hampers the 
elevation of this flap. The lower trapezius myocutaneous flap is based on the deep branch of the transverse cervical 
artery and is innervated by the posterior branch of the spinal accessory nerve. The flap frequently is limited by its arc of 
rotation, and the donor site over the acromioclavicular joint is subject to high operative morbidity.

55. Which versatile flap is based on the pectoral branch of the thoracoacromial artery?
The pectoralis myocutaneous flap is based on the thoracoacromial artery (pectoral branch), which exits the subclavian 
artery at the midportion of the clavicle and courses medial to the insertion of the pectoralis minor tendon. The flap 
can be designed with a skin paddle centered over the lower portion of the muscle, which can be placed intraorally if 
necessary. The flap has been described as being raised as high as the orbits; however, in practicality it is difficult to 
secure the closure without significant downward pull on the muscle. The flap can be modified with an extended random 
skin component or with two separate skin paddles, which can be divided. A rib can be harvested with the flap for bony 
reconstruction. Higher elevation of the flap can be performed with division of the clavicle.

56. What is the dominant blood supply of the latissimus dorsi muscle?
The dominant blood supply is the thoracodorsal branch of the subscapular artery. The flap is elevated and skeletonized 
on its vascular pedicle. The muscle is detached from its insertion on the humerus and transferred by tunneling or 
curving it around to the head and neck defect. The main attributes of the latissimus dorsi are its large size, wide 
excursion, and low donor site morbidity. The arc of rotation for head and neck defects is difficult and frequently 
precludes the use of this flap.

BiBliography

Abulafia AJ, Edilberto L, Fernanda V: Reconstruction of the lower lip and chin with local flaps. Plast Reconstr Surg 97:847–849, 1996.
Ariyan S: One-stage reconstruction for defects of the mouth using a sternomastoid myocutaneous flap. Plast Reconstr Surg 63:618–625, 

1979
Ariyan S: The pectoralis major myocutaneous flap. A versatile flap for reconstruction in the head and neck. Plast Reconstr Surg 63:73–81, 1979.
Baker SR, Swanson HA: Local Flaps in Facial Reconstruction. St. Louis, Mosby, 1995.
Bernard C: Cancer de la levre inferieure opere par un procede nouveau. Bull Mem Soc Chir Paris 3:357, 1853.
Crow ML, Crow FJ: Resurfacing large cheek defects with rotation flaps form the neck. Plast Reconstr Surg 58:196–200, 1976.
Dyer PV, Irvine GH: Cervicopectoral rotation flap. Br J Plast Surg 47:68–69, 1994.
Edmond JA, Padilla JF: Preexpansion galeal scoring. Plast Reconstr Surg 93:1087–1089, 1994.
Gandelman M, Epstein JS: Hair transplantation to the eyebrow, eyelashes, and other parts of the body. Facial Plast Surg Clin North Am 

12:253–261, 2004.



372 LocaL FLaps oF the head and neck

Goding GS, Hom DB: Skin flap physiology. In Baker SR, Swanson NA (eds): Local Flaps in Facial Reconstruction, St. Louis, Mosby, 1995,  
pp 15–30.

Gonzalez-Ulloa M, Stevens E: Reconstruction of the nose and forehead by means of regional aesthetic units. Br J Plast Surg 13:305–309, 
1961.

Hudson DA: Some thoughts on choosing a Z-plasty: The Z made simple. Plast Reconstr Surg 106:665–671, 2000.
Isenberg JS: Trapezius island myocutaneous flap. Plast Reconstr Surg 107:285–286, 2001.
Jackson IT: Local Flaps in Head and Neck Reconstruction. St. Louis, Mosby, 2002.
Juri J, Juri C: Cheek reconstruction with advancement-rotation flaps. Clin Plast Surg 8:223–226,1981.
Karapandzic M: Reconstruction of lip defects by local arterial flaps. Br J Plast Surg 27:93–97, 1974.
Kolhe PS, Leonard AG: Reconstruction of the vermilion after “lip-shave.” Br J Plast Surg 41:68–73, 1988.
Kuttenberger JJ, Hardt N: Results of a modified staircase technique for reconstruction of the lower lip. J Craniomaxillofac Surg 25:239–

244, 1997.
McConnell MP, Evans GRD: Advances in reconstructive/plastic surgery in head and neck cancer. In Harrington KJ (ed): Head and Neck Cancer: 

Biology, Diagnosis and Management. New York, Oxford University Press, 2001.
Netter FH: Atlas of Human Anatomy, 3rd ed. Teterboro, NJ, Icon Learning Systems, 2002.
Pistre V, Pelissier P, Martin D, et al: Ten years of experience with the submental flap. Plast Reconstr Surg 108:1576–1581, 2001.
Ridenour BD, Larrabee WF: Biomechanics of skin flaps. In Baker SR, Swanson NA (eds): Local Flaps in Facial Reconstruction. St. Louis, Mosby, 

1995, pp 31–38.
Rodgers BJ, Williams EF, Hove CR: W-plasty and geometric broken line closure. Facial Plast Surg 17:239–244, 2001.
Rohrich RJ, Zbar RI: A simplified algorithm for the use of Z-plasty. Plast Reconstr Surg 103:1512–1517, 1999.
Tobin GR, O’Daniel TG: Lip reconstruction with motor and sensory innervated composite flaps. Clin Plast Surg 17:623–632, 1990.
Tollefson TT, Murakami CS, Kriet JD: Cheek repair. Otolaryngol Clin North Am 34:627–646, 2001.
Webster RC, Coffey RJ, Kelleher RE: Total and partial reconstruction on the lower lip with innervated muscle-bearing flaps. Plast Reconstr Surg 

25:360–371, 1960.
Zide BM, Swift R: How to block and tackle the face. Plast Reconstr Surg 101:840–851, 1998.



Ch
ap

te
r

373

Mahesh H. Mankani, MD, FACS, and 
Stephen J. Mathes, MD

Forehead reconstruction 56

 1. How is the forehead histologically similar to, and different from, the scalp?
Like the scalp, the forehead is composed of five tissue layers, including (from superficial to deep) the skin, subcutaneous 
tissue, epicranius aponeurosis or muscle, loose areolar tissue, and pericranium. In contrast to the scalp, the forehead is 
thin and has superficially situated hair follicles.

 2. What is the vascular supply of the scalp?
The bilateral supratrochlear and supraorbital arteries, terminal branches of the internal carotid arteries, traverse foramina of the 
same names to enter the forehead just superior to the eyebrows (Fig. 56-1). They cross the plane of the frontalis muscle to lay 
in the subcutaneous tissues of the anterior forehead, where they freely anastomose with each other. These interconnections 
allow for the rich variety of forehead flaps. The anterior branch of the superficial temporal artery, which is a terminal branch 
of the external carotid artery, begins approximately 2 cm superior to the zygomatic arch, courses anteriorly at the level of the 
anterior temporal hairline, and retains anastomotic connections with the supraorbital and supratrochlear arteries.

 3. What is the innervation of the scalp?
Motor innervation of the muscles of the forehead, the frontalis, procerus, and corrugators is via the frontal branch of 
cranial nerve (CN) VII (Fig. 56-2). The nerve exits the superficial lobe of the parotid gland to cross the zygomatic arch at 
its middle third. The nerve lies along the superficial surface of the arch within the temporoparietal or superficial temporal 
fascia. From here it enters the frontalis muscle above the orbital rim. The nerve lies inferior and parallel to the anterior 
branch of the superficial temporal artery. Its course can be described by a line extending from the anterior border of the 
lobule of the ear to a point just lateral to the lateral border of the eyebrow. As a result, reconstruction of the forehead in a 
plane superficial to the frontalis muscles or superficial temporal fascia should spare the frontal branch of CN VII.

Supratrochlear
artery

Supraorbital
artery

Frontal branch
of superficial
temporal
artery

Superficial
temporal
artery

Figure 56-1. Arterial supply of the scalp. (From Mankani MH, Mathes SJ: Forehead reconstruction. In Mathes SJ [ed]: Plastic Surgery,  
2nd ed. Philadelphia, WB Saunders, 2006, pp 699–734.)
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Figure 56-2. Innervation of the scalp. (From Mankani MH, Mathes SJ: Forehead reconstruction. In Mathes SJ [ed]: Plastic Surgery, 2nd ed. 
Philadelphia, WB Saunders, 2006, p 702.)

Sensation of the forehead arises from the bilateral supraorbital and supratrochlear nerves, each a terminal branch of the 
ophthalmic division of CN V. Sensation of the pretemporal region arises from the zygomaticotemporal nerve, a branch of 
the maxillary division of CN V.

 4. What are the risks of closing forehead defects via direct approximation of the wound 
margins?
Direct approximation occasionally necessitates extensive mobilization of the surrounding tissues, which can result in 
lateral displacement or focal elevation of the eyebrows, disruption of the anterior hairline, or elevation of the upper 
eyelids resulting in exposure of the ocular globe.

 5. Describe the principles inherent to closing large forehead defects.
When defects are large enough to encompass more than half of the forehead, reconstruction of the entire forehead as 
a single aesthetic unit should be considered. Such en bloc reconstructions can extend from the superior border of the 
eyebrows to the anterior hairline. Should the defect include a portion of one of the eyebrows, consideration should be 
given to preserving the fully intact eyebrow while reconstructing the eyebrow already partially or completely lost.

 6. What reconstructive options are available in the forehead? What are their relative 
advantages and their limitations?
The options available for forehead reconstruction are typical of those used elsewhere in the body and include 
direct wound approximation, closure by secondary intention, skin grafting, local flap, distant flap, skin expansion, 
microvascular composite tissue transplantation, and flap prefabrication (Table 56-1). The optimum reconstructive 
option depends on the defect location and size, the patient’s clinical condition, and the patient’s specific desires and 
expectations.

 7. What types of forehead wounds are optimal for direct closure?
Direct closure is most appropriate for elliptical defects that are transversely oriented in the anterior portion of the 
forehead, parallel to lines of relaxation. The resultant scar will parallel or even lay within a natural wrinkle, and the 
natural laxity of the skin may preclude the need for undermining to achieve a tension-free closure. The transverse 
dimension of the defect can be as long as the full width of the forehead; however, the wound must have a limited 
vertical height.
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 Table 56-1. Forehead Reconstructive Options

AdvAntAges LimitAtions AppropriAte 
defect size 
And shApe

Bone viABiLity 
At wound BAse

contour 
quALity

tissue 
pLiABiLity

tissue 
stABiLity

AppeArAnce

Direct wound 
edge 
approxima-
tion

Rapid operative time
One stage procedure
Absence of additional scars

Difficult for wounds 
close to the ante-
rior hairline or 
eyebrows

For elliptical 
transverse 
defects with a 
limited  vertical 
height

Can cover bone 
denuded of 
periosteum

Excellent Pliability 
increases 
with time

Excellent Excellent

Closure by 
secondary 
intention

Non-operative
No additional scarring

Long healing time

Possible  distortion 
of surrounding 
structures

3–4 mm punch 
biopsy wounds

Medial forehead 
flap donor sites

Necessitates viable 
bone at base

Adequate Poor to 
adequate

Adequate Adequate
Skin is occa-

sionally thin 
and shiny

Skin grafting Minimizes distortion of 
 surrounding structures

High likelihood of success
Rapid operative time

Donor site scar, 
usually at 
 supraclavicular 
fossa

Small, par-
tial thickness 
defects, <2 cm 
diameter 

Necessitates viable 
bone and perio-
steum at base.

May first necessi-
tate transfer of a 
periosteal flap to 
support the graft

May 
become 
depres-
sed over 
time

Adequate Adequate Poor to adequate
Over time, 

skin appears 
shiny and 
depressed.

Local flap Rapid operative time
One stage procedure

Flap donor site scar 5 mm to 3 cm in 
size

Can cover bone 
denuded of 
periosteum

Excellent Excellent Excellent Very good

Distant flaps Entire forehead can be 
 reconstructed without use 
of microvascular composite 
 tissue transplantation

Significant donor 
defect

Entire fore-
head can be 
 reconstructed 
as a unit

Can cover bone 
denuded of 
periosteum

Adequate
Can be 

bulky

Excellent Excellent Very good

Skin 
expansion

Uses adjacent forehead skin, 
minimizing additional donor 
defects

Excellent appearance.

Staged procedures
Transient deformity 

during expansion
Risk of expander 

loss or infection.

Subtotal forehead 
defects

Can cover bone 
denuded of 
periosteum

Very good Excellent Excellent Excellent

Microvascular 
compos-
ite tissue 
transplan-
tation

Single stage reconstruction for 
entire forehead

Can provide a functional 
reconstruction.

Complex procedure
Long operative time
Risk of flap loss.

Total forehead 
defects

Can cover bone 
denuded of 
periosteum

Adequate
Can be 

bulky

Excellent Excellent Very good

Flap  
prefabri-
cation

Can theoretically provide for 
the creation of complex 
flaps incorporating novel 
 combinations of tissue 
elements

Complex staged 
procedures

Total forehead 
defects

Can cover bone 
denuded of 
periosteum

Adequate
Can be 

bulky

Excellent Excellent Very good

(From Mankani MH, Matnes SJ: Forehead reconstruction. In Mathes SJ [ed]: Plastic Surgery, 2nd ed. Philadelphia, WB Saunders, 2006.)
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 8. What are the advantages and disadvantages of direct closure?
Advantages of this technique include the relative rapidity of the closure, the ability to complete it in one stage, and the 
absence of additional scars in the forehead. It can be used to close full-thickness defects, including those extending to 
the cranium. Among its disadvantages are its inappropriateness for wounds that are long in the transverse dimension 
and for some unilateral wounds adjacent to the eyebrows because it may distort eyebrow position.

 9. What are the advantages and disadvantages of closure by secondary intention?
Closure by secondary intention is of limited utility in forehead reconstruction. It is most appropriate for very small 
lesions, such as 3- to 4-mm punch biopsy wounds. Additionally, it is useful for those patients with a large defect who 
are unable to tolerate a larger operative procedure. It is commonly used for closure of the median forehead flap donor 
site where direct closure is not possible.

10. What is the “Crane principle”?
The Crane principle can be used to resurface bare bone (Fig. 56-3). The Crane principle involves placing a flap on a 
poorly vascularized wound for a short period of time and then returning it to its location while leaving behind a layer of 
vascularized tissue at the recipient site on which a skin graft can be placed. For instance, a scalp flap can be elevated 
just deep to the galea and transferred to the forehead. Three weeks later, at the second stage, the flap is elevated in 
the subcutaneous plane and returned to its scalp donor site, leaving galea and subcutaneous tissue at the forehead. 
The forehead wound now can be covered with a split-thickness skin graft from a supraclavicular site. The advantages 
include minimal donor site morbidity, creation of a smooth pliable bed in the forehead, and adequate color match using 
supraclavicular skin. However, the technique has the disadvantage of requiring two operative stages.

11. What are the advantages and disadvantages of using local flaps in the forehead?
Because they come from adjacent forehead skin, local flaps provide excellent color and texture match. Proper patient 
and flap selection can minimize donor site morbidity and scarring. These operations are limited in scope and can be 
completed using local anesthesia. They are most appropriate for wounds of limited size, from 5 mm to 3 cm in diameter, 
although the Worthen flap can cover more sizable defects by rotation of adjacent forehead tissue (Fig. 56-4).

Skin graft on
transferred

galea

Skin graft on
pericranium

A

B

C

Figure 56-3. A–C, Flap based on the Crane principle. (From Mankani MH, Mathes SJ: Forehead reconstruction. In Mathes SJ [ed]: Plastic 
Surgery, 2nd ed. Philadelphia, WB Saunders, 2006, p 709.)
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A
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C

Figure 56-4. A–C, Worthen flap. 
(From Mankani MH, Mathes SJ: 
Forehead reconstruction. In Mathes 
SJ [ed]: Plastic Surgery, 2nd ed. 
Philadelphia, WB Saunders, 2006, 
p 709.)

12. Which local flaps are appropriate for the forehead?
Random local flaps appropriate to the forehead include the rhomboid, dual rhomboid, banner, and bilobed flaps. 
Among pedicled flaps, the bilateral temporal artery V-Y fasciocutaneous advancement flaps are appropriate for closing 
medial forehead defects and can cover the full width of the brow if necessary. Pedicled flaps based on the bilateral 
supratrochlear and supraorbital vessels can be advanced to close lateral forehead wounds. Shutter flaps using lateral 
forehead tissue can be used to close central defects (see Fig. 56-5).

13. How are shutter flaps used in the forehead?
Shutter flaps can be based superiorly or inferiorly (Fig. 56-5). Inferiorly based flaps, perfused by the supraorbital vessels, 
are appropriate for midline defects. The limits of the flap are the anterior and pretemporal hairline; the flaps should 
be incised outside the hair-bearing scalp to preclude hairline distortion. The dissection of the flaps should extend just 
deep to the dermis, but not into the frontalis muscle fascia, to minimize danger to the frontal branch of the facial nerve. 
The flaps can be transposed to the midline and secured with fine nonabsorbable suture. The donor site can be closed 
directly if temporal scalp can be elevated and mobilized anteriorly. Alternatively, the donor site can be closed with a skin 
graft, which subsequently can be serially excised.

14. What are the advantages of skin expansion during forehead reconstruction?
Expanded skin can have a color, texture, and thickness similar to the skin that it is replacing. Use of skin expansion can 
minimize scars in the donor site. In addition, expanded flaps are more resistant to infection than random cutaneous 
flaps. Unfortunately, expander use necessitates a two-stage reconstruction, and the patient must bear a transitory 
deformity from the expanders during the expansion phase.
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15. What are the optimum locations for skin expander placement for forehead 
reconstruction?
Central forehead defects can be closed by expanding normal forehead skin on either side. Alternatively, a unilateral 
suprabrow wound can be closed by expanding the contralateral forehead. Likewise, a pedicled supratrochlear flap can 
be preexpanded before transfer to a contralateral defect.

16. Describe a distant flap that can be used to reconstruct the forehead.
Few distant non–hair-bearing flaps will reach the forehead. The vertical pedicled trapezius musculocutaneous flap, 
perfused by the descending branch of the transverse cervical artery and vein, is one such flap.

17. What are the advantages and disadvantages of reconstruction using microvascular 
composite tissue transplants?
These flaps can reconstruct defects as large as the entire forehead in a single stage, and they can provide functional 
reconstruction of the frontalis muscle. Unfortunately, such flaps are associated with long operative times and a defined 
risk of flap loss. Although the tissue pliability, stability, and appearance are good, these flaps can be excessively bulky.

18. What flaps serve as appropriate sources for microvascular composite tissue 
transplants to the forehead?
Optimal flaps include the latissimus dorsi musculocutaneous flap, radial forearm fasciocutaneous flap, groin 
fasciocutaneous flap, and lateral arm fasciocutaneous flap. The superficial inferior epigastric artery (SIEA) 

A

B

C

Figure 56-5. A–C, Shutter flap. 
(From Mankani MH, Mathes SJ: 
Forehead reconstruction. In Mathes 
SJ [ed]: Plastic Surgery, 2nd ed. 
Philadelphia, WB Saunders, 2006, 
p 711.)
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Figure 56-6. Eyebrow hair 
follicle direction is specific to 
its location on the eyebrow, as 
seen in this 10-month-old boy. 
(From Mankani MH, Mathes SJ: 
Forehead reconstruction. In Mathes 
SJ [ed]: Plastic Surgery, 2nd ed. 
Philadelphia, WB Saunders, 2006, 
p 727.)

fasciocutaneous flap is preferred over the groin fasciocutaneous flap because the SIEA flap offers a longer and more 
consistent vascular pedicle.

 19. Describe a flap that can confer function to the forehead.
Functional reconstruction of the frontalis muscle using a free, thinned gracilis musculocutaneous flap has succeeded 
in conferring eyebrow motion. Consistent with other functional muscle transplantations, it is critical to place the 
transplanted muscle under appropriate tension at the time of placement.

20. What characteristics are unique to eyebrows among hair-bearing areas?
Eyebrow hair is notable for its thinness and complicated pattern of direction and for the acute angle between hair shaft 
and skin. Each of the hairs is of small diameter, has a short length, and grows slowly.

21. Describe the orientation of hair within the eyebrows.
Hairs in the medial and lower eyebrow grow in a superolateral direction, whereas those in the lateral and upper regions 
grow in an inferolateral direction (Fig. 56-6).

22. What are the options for total eyebrow reconstruction?
The options for total eyebrow reconstruction center on three categories of repair: hair plug transplants, hair strip grafts, 
and pedicled scalp flaps. Each method has its own indications and advantages.

23. What are the advantages and disadvantages of hair plug transplants?
Hair plug transplantation is a low-morbidity procedure. It is most appropriate where healthy recipient bed is available 
to accept the grafts. The scalp is a good donor site because of the readily available hair and the ease in camouflaging 
the harvest; however, the hair usually is far from ideal given its far greater thickness and faster growth rate than that 
needed for the eyebrow. Hair plugs can be placed at the desired acute angle relative to the skin. Multiple procedures 
often are required to create a sufficiently normal hair density. Additionally, patients must periodically trim the fast 
growing transplant hairs to maintain length parity with the contralateral normal eyebrow.

24. When are hair strip grafts useful for eyebrow reconstruction?
Free composite grafts of hair-bearing skin, also referred to as hair strip grafts, deliver hair more quickly to the 
reconstruction site than do hair plug transplants. Like hair plug transplants, they require a healthy, minimally scarred 
bed. As with hair plugs, the scalp is the most common donor site, but the hairs and follicles are uniformly oriented 
but often overly dense. Survival of these grafts is less certain than that of hair plugs because of the larger volume of 
tissue transferred. Survival can be optimized by removal of residual galea aponeurosis and as much fat as possible 
while still leaving the follicles intact. Nonetheless, multiple procedures still may be necessary to achieve a complete 
eyebrow.
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25. What technique should be used to reconstruct the complete eyebrow when the 
recipient bed is inhospitable to a graft?
Pedicled scalp flaps provide a safe alternative to free grafts. Care should be taken when designing these flaps so that 
the hairs will grow in the same direction as the intended eyebrow hairs. Inattention to this detail can lead to a hairbrush-
appearing eyebrow. In male patients, the scalp donor site should be away from expected areas of male pattern baldness 
because any tendency toward alopecia will travel with the flap. The postauricular temporoparietal region, perfused by a 
branch of the superficial temporal artery, is a popular donor site for these reasons.
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Nasal RecoNstRuctioN

 1. What are the nasal subunits? Are they important in reconstruction?
The nose can be divided into nine topographic subunits composed of the dorsum, tip, columella, and paired sidewalls, 
alae, and soft triangles (Fig. 57-1). Each subunit has a characteristic skin quality, unit outline, and three-dimensional 
contour. The normal nose is reestablished only if each of these characteristics is restored. More than obtaining a healed 
wound, the subunits that describe the nose visually must be restored.

 2. What are the principles of subunit reconstruction? How are they applied?
If a defect is to be repaired and the nose looks normal, the characteristics of each subunit must be reestablished. The 
surgeon must recreate the unit, not just fill the defect. If a defect encompasses more than 50% of a subunit, it is useful 
to discard adjacent normal tissue about the defect so that the skin of the entire subunit is replaced, not just the missing 
skin of the defect. This approach positions border scars in the expected shadows or reflections of subunit borders and 
ensures a uniform skin quality to the unit. A patch-like effect is avoided. Also, when an entire convex unit is resurfaced 
with a flap, the inevitable trapdoor contraction that occurs in the underlying scar bed acts to recreate the expected 
convex contour of the entire subunit. This technique avoids the pincushion effect, which may occur when a small flap is 
placed within a defect that includes only part of a unit. Missing tissues also must be replaced exactly, bringing neither 
too much nor too little to the wound. If excessive or too little tissue is placed within a defect, the adjacent landmarks and 
outline will be distorted outward or inward. Similarly, flaps and grafts should be fashioned with a template designed from 
the contralateral subunit or the ideal so that the outline and quantity of replaced tissue are exact. Contour is the most 
important determinant of normal. Judicious subcutaneous sculpturing and the use of primary bone and cartilage grafts to 
create a nasal framework must be used primarily to prevent soft tissue collapse and late soft tissue contraction.

 3. Is the quality of nasal skin uniform over its surface?
Skin quality (color, texture, and thickness) differs from one region of the nose to the other. The skin of the nasal 
dorsum and sidewalls is thin, smooth, and pliable. The skin of the tip and alar subunits is thick, stiff, and pitted with 
sebaceous glands (Fig. 57-2). These regional differences in skin quality suggest different methods of reconstruction 
based on the location of the defect and method of wound closure. Skin grafts, because of the temporary ischemia 
associated with revascularization, always appear thin and shiny after transfer. They frequently become hypopigmented 
or hyperpigmented. Thus a full-thickness skin graft can be expected to blend well in the smooth-skinned zones of the 
dorsum or sidewalls. The lax skin of these subunits also lends itself to the use of a local single-lobed flap. In contrast, 
a thin, shiny skin graft will appear as a patch if placed within the normally thick, pitted skin of the tip or ala. A local or 
regional flap that will maintain its skin quality is a better choice for tip or alar resurfacing.

Soft
triangle

Alar-nostril sill

DorsalSidewall

Tip

Columella

Figure 57-1. Nasal subunits. 
(From Burget GC, Menick FJ: 
Aesthetic Reconstruction of the 
Nose. St. Louis, Mosby, 1994, with 
permission.)
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 4. How should a nasal defect be analyzed? What are the reconstructive implications?
The nose is covered by skin that matches the face in color and texture, supported by a bone and cartilage framework, 
and lined by thin vascular stratified epithelium and mucosa. The tissue loss from each layer must be identified and 
replaced with similar material. Lining material must be thin enough to prevent a bulky obstruction of the airway, 
pliable enough to conform to the desired framework contour, and vascular enough to nourish overlying cartilage or 
bone grafts. The shape and internal framework of the reconstructed nose must be provided by cartilage or bone 
grafts. These supporting materials should be placed primarily to prevent soft tissue collapse and late contracture due 
to scarring associated with wound healing. Finally, covering skin that matches the face in color and texture must be 
provided.

Just as a surgeon analyzes the anatomic loss, he or she also must examine the aesthetic loss. The wound may be 
healed but the visual appearance of the nose not restored if the characteristics of the nasal unit and each of its subunits 
are not reestablished. Each visual subunit must be analyzed and its character restored by using appropriate tissues and 
lining techniques that recreate the expected visual subunit appearance.

 5. What are the advantages and disadvantages of potential donor sites for skin grafting 
in nasal reconstruction?
For superficial defects with a vascularized bed, full-thickness skin grafts can be used to resurface defects of the upper 
two thirds of the nose in the zone of smooth skin but usually are an inappropriate choice for defects within the thicker 
sebaceous skin of the tip or alae. Preauricular skin provides an ideal match. Grafts of 2 to 2.5 cm can be harvested 
from the hairless skin anterior to the ear in both males and females. The donor site is closed primarily. Postauricular 
skin is also of value but may appear red postoperatively. Supraclavicular skin is available to resurface the entire nose 
if necessary, although the color match is less satisfactory. Supraclavicular skin usually has a brownish hue once it has 
healed in place. Split-thickness skin grafts are used only as temporary wound dressings and are infrequently used in 
nasal reconstruction.

 6. What is the role of composite grafts?
The most common donor site for a composite graft is the root of the auricular helix. A skin sandwich containing thin 
ear cartilage positioned between two layers of skin is available. Adjacent preauricular skin also can be harvested in 
continuity with the root of the helix and the donor site closed primarily. Composite grafts must be placed on a 
well-vascularized bed. The size of the graft should be limited to 1.5 cm or less to enhance survival. Postoperative 
cooling with cold saline compresses may be helpful. Composite grafts are used for full-thickness defects of the alar rim 
and may provide a relatively simple one-stage reconstruction. In the long term, they usually appear thin and shiny and 
do not blend perfectly. Nevertheless, composite grafts are a useful option, especially for defects of the alar margin.

 7. How are local flaps used in nasal reconstruction?
For small nasal defects, local flaps are an excellent option. Various flaps can be used for defects in the thin, mobile 
skin of the upper nose. All of them redistribute the relative excess of lax skin within the sidewall and dorsum to cover 
the defect while allowing primary closure of the donor site. Fortunately, most incisions on the nose heal with good 
scars. A local flap can be used if the defect is less than 1.5 cm in diameter and if cartilage grafts are not needed. 
There is not enough excessive nasal skin to redistribute over the nose to cover larger defects, and the tension created 
by wound closure will collapse a delicate cartilage framework. A forehead or nasolabial flap is required for defects 
greater than 1.5 cm or those requiring reconstruction of a cartilage framework.

Zone of
thick skin

Zones of
thin skin

Figure 57-2. Zones of nasal skin 
quality. (From Burget GC, Menick 
FJ: Aesthetic Reconstruction of the 
Nose. St. Louis, Mosby, 1994, with 
permission.)
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 8. What are the advantages of a bilobed flap? Where is it most useful?
The thick sebaceous and adherent skin of the tip and ala does not lend itself to the use of a local flap as easily as the 
upper nasal two thirds. The bilobed flap (as modified by Zitelli) is an excellent option for nasal tip and alar defects, 
however. It redistributes excessive tissue from the upper nose to the tip and alae by transferring skin as a bilobed flap. 
Limiting the rotation of each lobe to less than 50°, performing a primary excision of the dog ear, and wide undermining 
of the submuscular plane just above the perichondrium and periosteum aid in its success. Resurfacing the tip and alae 
with a classic single-lobed flap is difficult. The pedicle blood supply to a single-lobed flap is in jeopardy at the time of 
dog-ear excision, and the rotation of this stiff tissue through 90° of rotation is difficult (Fig. 57-3).

 9. How is the nasolabial flap used in nasal reconstruction? What is its blood supply?
The use of cheek tissue was popularized by French and German surgeons in the 1800s. The blood supply of a modern 
flap is based on the perforators from the facial and angular arteries that pass through the underlying levator labii and 
zygomatic muscles to the skin. The flap design is positioned just lateral to the nasolabial fold; on closure, the scar lies 
exactly within the nasolabial crease. Its proximal base is positioned over the rich subcutaneous blood supply that enters 
from its deep aspect. The distal tip of the flap, situated at or just distal to the oral commissure, can be elevated with just 
a few millimeters of subcutaneous tissue and then rotated on its thick subcutaneous superior pedicle to cover the alar 
subunit. Three weeks later, the flap pedicle is divided and the alar base inset completed. Nasolabial tissue is an ideal 
replacement for the alae. However, the amount of available tissue is limited, and attempts at extending the pedicle to 
reach the tip or dorsum are risky because of an unreliable blood supply.

A nasolabial flap also can be folded on itself to provide both cover and lining for a full-thickness defect. However, the 
blood supply is put at risk by folding, primary cartilage grafts are difficult to position, and the result usually appears 
bulky and thick. Excessive skin from the nasolabial fold can be transferred in one stage as an extension of a random 
cheek flap. However, a second revision usually is required to recreate the normal alar crease, and it is almost impossible 
to create a truly aesthetic alar base inset when such a nasolabial flap design is used to rebuild a defect that includes the 
nasal sill and alar base (Fig. 57-4).

10. What do you know about the history of nasal reconstruction?
In 600 bc, Sushruta described the reconstruction of the nose with forehead and cheek flaps in the Hindu Book of 
Revelation. In the late sixteenth century, Tagliacozzi, an Italian, published a treatise on the use of the pedicle arm flap. 
The forehead flap was first used in the Western world by Joseph Carpue in England, who had read accounts of the 
Indian forehead flap in a 1795 issue of Gentleman’s Magazine. He published two case reports in 1816. In this century, 
Gillies, Converse, and Millard have pioneered developments.

11. How can forehead tissue be transferred?
Lateral forehead skin can be transferred on the unilateral superficial temporal artery (New’s sickle flap) or the 
contralateral superficial temporal artery (Converse’s scalping flap). Both relatively extensive procedures use a hairy 
scalp pedicle to transfer forehead skin to the nose. The traditional median forehead flap takes central forehead skin 
based on both right and left supraorbital vascular arcades. However, because of the profuse blood supply to the 
forehead, midline forehead tissue can be transferred as a paramedian flap based on a unilateral supratrochlear pedicle. 
Enough skin is available to resurface an entire nose.
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Figure 57-3. Geometric bilobed 
flap. (From Burget GC, Menick FJ: 
Aesthetic Reconstruction of the 
Nose. St. Louis, Mosby, 1994, with 
permission.)
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12. Describe the blood supply to the paramedian forehead flap.
The blood supply of the central forehead enters vertically from below the supraorbital rim and ascends vertically just 
above the periosteum. The rich arcade of vessels arising from the supraorbital, supratrochlear, infratrochlear, and dorsal 
and angular branches of the facial artery pass superiorly from deep to superficial. Above the mid forehead and toward 
the hairline, the axial vessels lie in the subcutaneous tissue just deep to the dermis. It is safe to elevate the distal 1 to 
2 cm of a paramedian forehead flap with skin and a thin layer of subcutaneous tissue. More inferiorly, the flap should 
be elevated deep to the frontalis muscle, just above the periosteum, to protect the blood supply. The forehead flap itself 
should be designed vertically to include the vertical axial blood supply.

13. Is there enough skin to make a nose from the midline forehead? Is the reach  
too short? How wide should the pedicle be? Should I delay the procedure for safety?
Enough skin to resurface an entire nose can be easily transferred with a paramedian forehead flap (Fig. 57-5). The flap 
can be designed on either the right or left supratrochlear vessel. Either can be used for midline defects, but the reach 
of the flap is easier when it is based on the same side as a lateral defect. A template of the required missing forehead 
skin should be placed at the hairline and designed with a 1.5-cm pedicle above the supratrochlear vessels. The narrow 
pedicle allows easy rotation without undue tension. If the arc of rotation is short, an additional 1.5 cm can be added 
by extending the flap tip into hair-bearing scalp. If the patient is a healthy nonsmoker, the distal flap can be thinned to 
the subcutaneous tissue layer and hair follicles destroyed by excision and light coagulation. An additional 1.5 cm can 
be obtained by extending the flap pedicle base below the supraorbital rim towards the canthus, snipping fibrous bands 
under magnification but maintaining vessels intact. The flap should be designed vertically to maintain its axial blood 
supply. When so designed, the flap does not require delay and has sufficient length to reach all nasal defects, including 
the columella. Curving the flap eccentrically across the forehead destroys its axial nature and puts the distal flap in 
jeopardy. There are few indications for flap delay. The resulting scarring and stiffness only make later transfer more 
difficult.

14. How and why are primary bone and cartilage grafts used in nasal reconstruction?
A nose looks like a nose because of its shape. It is the underlying bone and skeletal framework that provides support, 
nasal projection, and airway patency and recreates a subtle contour that defines the normalcy of each nasal subunit. 
Cover and lining alone are inadequate.

C

Tail of pedicle
thinned, trimmed,
and insetRemnant of alar

subunit excised

Undermined
area

A B

Subcutaneous
pedicle based
superiorly

Tapered
skin pedicle

Dog ear
exicised

Figure 57-4. Subunit nasolabial 
two-stage flap. (From Burget GC, 
Menick FJ: Aesthetic Reconstruction 
of the Nose. St. Louis, Mosby, 1994, 
with permission.)
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15. When and how should bone or cartilage grafts be used?
The soft tissues of cover and lining will collapse without support and be fixed into a shapeless mass by scar. Once 
scar contraction has occurred, it is difficult to reexpand soft tissues. Thus bone and cartilage grafts should be placed 
primarily before wound healing is completed. Cartilage grafts depend on lining for vascularity, and lining and covering 
skin depend on primary cartilage grafts for support and contour. If missing, a support framework for the dorsum, 
sidewalls, alae, columella, and tip must be replaced. Although the ala normally contains no cartilage, a cartilage 
alar batten should be used when the ala is reconstructed to maintain its support and shape and to fight the upward 
contraction associated with wound healing.

16. What donor tissues are available for nasal support? What are the advantages and 
disadvantages of each?
If available, septal cartilage is the first choice for most nasal grafts. It can be harvested much as cartilage is 
removed in a submucous resection, leaving a strong septal L for central midline nasal support. The concha of the 
ear also provides excellent material for ala and tip support. Rib cartilage or rib osteochondral grafts are used for 
large support defects of the dorsum. Cranial bone grafts also can be used but have a higher rate of reabsorption. 
Remember that a nasal framework provides support, braces the soft tissue against myofibroblast contraction, and 
imparts, when seen through a thin covering skin, a nasal shape. Thus every nose must have a dorsal buttress, 
sidewall brace, alar cartilage reconstructions, and a columellar strut support. Although the normal ala contains no 
cartilage, an alar batten placed along the alar rim provides its shape and support. Although the importance of support 
has been stressed in this century, only recently has the importance of a precise, complete skeletal framework been 
emphasized. Limiting nasal support to a cantilever bone graft or rib L strut does not provide the requirements for 
long-term success.

17. Is tissue expansion helpful?
Advocates of tissue expansion have used it before nasal reconstruction to increase the available tissue and to assist 
in primary closure of the forehead. In fact, tissue expansion is rarely necessary. Enough skin can be transferred on an 
ipsilateral paramedian forehead flap pedicle to resurface the entire nose. Because the pedicle is narrow, closure of the 
inferior forehead defect is easy. Any defect that remains and cannot be closed primarily is high in the forehead under the 
hairline. Simply dressed with petrolatum gauze, it will heal by secondary intention and autoexpansion of the forehead. It 
is unnecessary to skin-graft the forehead defect or to use preliminary tissue expansion. In fact, the capsule that forms 
around the tissue expander may diminish the pliability of the forehead flap or the quality of the overlying skin. Predicting 
the degree of tissue retraction that follows expansion and the late effects of skin shrinkage is difficult. Tissue expansion 
favors the donor site at the expense of the nose. As a central facial defect, the nose always takes priority. The forehead 
is a forgiving donor site and is of lesser aesthetic importance. Although rarely required, tissue expansion may be used 
secondarily after nasal reconstruction to improve the donor site.

Release of frontalis m.
at 1-cm intervals

Extend flap into
hair-bearing scalp

Extend base of
flap across
supraorbital rim

Figure 57-5. Three ways to gain 
length for a paramedian forehead 
flap: (1) extend the flap into the 
hair-bearing scalp and depilate the 
flap; (2) extend the flap 1.5 cm over 
the orbital rim, lifting the eyebrow 
with the flap, if necessary; and 
(3) score only the frontalis muscle at 
1-cm intervals, allowing the flap to 
expand up to 1.5 cm longitudinally. 
(From Mathes S [ed]: Plastic 
Surgery, 2nd ed. Philadelphia, WB 
Saunders, 2006.)
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18. Practically speaking, what is the most important anatomic layer in nasal reconstruction?
Replacement of missing lining tissue is the most difficult challenge in nasal reconstruction and frequently determines 
the final outcome. Lining must be vascular enough to nourish primary cartilage grafts, supple enough to conform to the 
appropriate nasal shape, and thin enough so that the airway is not obstructed. Poor results of nasal reconstruction often 
can be traced to initial provision of insufficient or poorly vascularized lining tissue.

19. What are the options for nasal lining?
The importance of nasal lining has been emphasized since the work of Gillies in World War I. Traditionally, nasal lining 
has been supplied with turnover hinge flaps of adjacent intact covering skin, folding of a forehead flap upon itself to 
supply both cover and lining, or skin grafting the forehead flap at a preliminary operation as it lies in the forehead before 
transfer. All of these methods have the disadvantage of providing poorly vascularized lining and make the placement of 
primary cartilage grafts difficult.

In most circumstances, residual intranasal lining is the first choice for reconstruction because of its vascularity, 
availability, and pliability. Fortunately for surgeons, the septum is perfused by the septal branch of the superior labial 
artery, which permits elevation and lateral transfer of the septal mucous membrane on a 1.2-cm pedicle based in the 
soft tissue at the nasal spine. The entire septum can be rotated out of the piriform aperture as a sandwich of cartilage 
between the right and left septal mucosa when based on both superior labial arteries. The facial artery and its angular 
branches also supply numerous branches to the soft tissues of the lateral nose and alar base.

Frequently, when part of the ala is missing, residual vestibular skin remains intact above the defect. In such circumstances, 
a bipedicle flap of residual vestibular skin can be incised in the area of the intercartilaginous line and advanced inferiorly 
to the desired alar rim level. The defect above can be filled with a full-thickness skin graft, raw surface outward, or by an 
ipsilateral septal mucosal flap based on the ipsilateral superior labial artery. For larger defects, mucoperichondrial flaps 
based on septal and anterior ethmoid vessels provide significant amounts of highly vascularized thin and supple tissue. The 
entire septum also can be used as a composite chondromucosal flap to provide both lining and cartilage support (Fig. 57-6).

20. Is there a role for microsurgery in nasal lining reconstruction?
Absolutely. Walton et al. reported their promising experience using free tissue transfer for reconstruction of total or 
subtotal nasal lining, including the nasal floor, columella, and vestibule. The majority of cases have used the radial 
forearm free flap, although successful nasal lining reconstruction also has been achieved using the free first dorsal 
metacarpal artery flap. Use of microsurgical free tissue transfer allows reconstruction of complex three-dimensional 
anatomy without violating adjacent soft tissues of the face.
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Figure 57-6. Variations of the septal intranasal lining flaps. (From Burget GC, Menick FJ: Aesthetic Reconstruction of the Nose. St. Louis, 
Mosby, 1994, with permission.)
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21. What are the most frequent mistakes in nasal reconstruction?
 • Not visualizing the desired aesthetic result before surgery
 • Not planning each step in three dimensions and imagining the outcome of a reconstruction for the specific location 
and method of transfer

 • Not taking the time or requisite skill to fabricate your goal.
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EyElid REconstRuction

 1. What are the components of the posterior lamella of the upper lid?
Each eyelid is a bilamellar structure divided by the orbital septum. The anterior lamella of the upper lid is composed 
of the skin and the orbicularis oculi muscle. The posterior lamella of the upper lid is composed of the tarsus, levator 
aponeurosis, Müller’s muscle, and conjunctiva. The levator aponeurosis is unique to the upper lid and is analogous to 
the capsulopalpebral fascia of the lower lid. The anterior lamella of the lower lid is composed of the skin and orbicularis 
oculi muscle. The posterior lamella of the lower lid is composed of the tarsus, capsulopalpebral fascia, and conjunctiva. 
The orbital septum is a fascial membrane of variable thickness that resists the spread of infection, hemorrhage, and 
inflammation (Fig. 58-1).

 2. Describe the anatomy, innervation, and function of the orbicularis oculi muscle.
The orbicularis oculi muscle, which is innervated by the facial nerve, is responsible for lid closure. It is subdivided into 
the pretarsal, preseptal, and orbital muscles. The orbicularis oculi is continuous with the superficial musculoaponeurotic 
system (SMAS) in the upper face as is the platysma in the lower face. The lacrimal pump mechanism is intimately 
associated with the orbicularis muscle. Contraction of the pretarsal muscle shortens and closes the canaliculi, whereas 
the preseptal muscle pulls on the lacrimal diaphragm, resulting in a negative pressure within the lacrimal sac. 
Upon relaxation, tears are driven into the nasolacrimal duct.

 3. What is the vertical dimension of the upper and lower tarsus?
The tarsal plates form the structural framework of the eyelids. The vertical height of the upper tarsus is approximately 
10 mm. The vertical height of the lower lid ranges from 3.8 to 4.5 mm.

 4. How is levator palpebrae superioris function measured?
The levator muscle, a striated muscle innervated by the third cranial nerve, is responsible for raising the lid. The muscle 
originates from the superior/posterior orbit (lesser wing of the sphenoid) and broadens into the levator aponeurosis, 
which in turn inserts onto the tarsus. The levator aponeurosis extends laterally and medially into the horns, each of 
which attaches to the lateral retinaculum and posterior lacrimal crest, respectively. The lateral horn divides the orbital 
and palpebral lobes of the lacrimal gland. Levator function is measured by the distance (in millimeters) that the upper lid 
margin travels from downward gaze to upward gaze with the brow immobilized.
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Figure 58-1. Anterior and posterior lamellae of the eyelids.
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 5. What pathologic condition is caused by paralysis or laceration of Müller’s muscle?
Müller’s muscle is a smooth muscle with sympathetic innervation. It is located in the posterior lamella of the upper lid 
and has intimate attachments to the levator muscle and the tarsus. It originates from the posterior aspect of the levator 
muscle and inserts onto the superior border of the tarsus. Müller’s muscle provides tone for the upper lid, and injury to 
this muscle may result in ptosis (2 to 3 mm).

 6. What structures must be transected to explore the orbital floor through a 
transconjunctival approach?
The transconjunctival approach is an exposure technique through the posterior lamella of the lower lid, beginning with 
an incision through the conjunctiva. This incision is followed by transection of the capsulopalpebral fascia. At this point, 
the approach can be either retroseptal or preseptal to reach the orbital floor, which then is explored in a subperiosteal 
plane. In a standard blepharoplasty, once the capsulopalpebral fascia is transected, the inferior compartments of 
orbital fat are directly accessible. In exploring the orbital floor, a lateral canthotomy is added for greater exposure. 
The capsulopalpebral fascia arises from condensations of the investing layers of the inferior rectus and inferior oblique 
muscles and inserts onto the inferior border of the tarsus. The capsulopalpebral fascia, which is unique to the lower 
lid, is involved with the coordinated downward movement of the lower lid during downward gaze. It is somewhat 
analogous to the levator aponeurosis of the upper lid. The orbital septum, orbicularis muscle, and skin are anterior to 
the capsulopalpebral fascia. Because the anterior lamella is not transgressed, the transconjunctival approach minimizes 
the problems of lower eyelid retraction, which are significantly more common after the cutaneous approach. The arcus 
marginalis is the periosteal attachment of the orbital septum to the bony orbital margin.

 7. What structures contribute to the lateral retinaculum?
The lateral retinaculum or lateral canthus is a complex integration of a number of structures. It is composed of 
Lockwood’s ligament (inferior suspensory ligament), the lateral extension or horn of the levator aponeurosis, the 
continuations of the pretarsal and preseptal muscles, and the check ligament of the lateral rectus muscle. This confluence 
of structures attaches to the lateral orbital wall at Whitnall’s tubercle. Whitnall’s tubercle is located within the lateral rim 
of the orbit below the frontozygomatic suture on the frontal process of the zygoma. Therefore inferiorly displaced zygoma 
fractures pull the lateral canthus inferiorly, resulting in downward slant of the palpebral fissure. Whitnall’s ligament is a 
check ligament of the levator muscle that limits its excursion and is not a part of the lateral retinaculum.

 8. Where does the medial canthus insert?
The medial canthal tendon is a complex structure that attaches onto the medial aspect of the orbit in a tripartite manner. 
The insertion points include the anterior lacrimal crest and a portion of the nasal bone, the posterior lacrimal crest, and 
a less well-defined point around the nasofrontal suture. The medial canthal tendon is intimately associated with the 
lacrimal pump mechanism. The lacrimal sac lies between the anterior and posterior insertions of the medial canthal 
tendon. Because the anterior attachment extends medially onto the nasal bones, reattachment of this portion to the 
anterior lacrimal crest may result in an impression of telecanthus.

 9. Which extraocular muscle originates from the anterior orbit?
The inferior oblique muscle is the only extraocular muscle that originates from the anterior orbit. It also separates the medial 
and central fat compartments of the lower lid. The anatomic position of the inferior oblique muscle makes it prone to injury 
during blepharoplasty. All of the other extraocular muscles originate from the annulus of Zinn near the apex of the orbit.

10. What defines the supratarsal fold?
The supratarsal fold corresponds to dermal attachments of the levator aponeurosis. Above these attachments, the 
overhanging skin creates a fold. The supratarsal fold is approximately 10 mm above the eyelid margin and is often 
absent in people of Asian descent. The position of the supratarsal fold is important in the evaluation of patients 
with eyelid ptosis. A high-positioned supratarsal fold may suggest a levator defect.

11. The fascial framework of the orbit is composed of what structures?
The fascial framework of the orbit is a connective tissue network that not only provides support to the globe, but also 
allows coordinated movements among all the orbital contents so that the eye and its associated structures can move in 
concert. This framework consists of the bulbar fascia or Tenon’s capsule, the investing fascial layers of the extraocular 
muscles, the intermuscular septa, and the check ligaments (condensations of fascia from the medial rectus and lateral 
rectus, which serve as anchors to the periorbita). Lockwood’s ligament is formed by the intermuscular septum between 
the inferior oblique and the inferior rectus muscle.

12. What are the most common malignant tumors of the eyelids? What is the most 
common location for a malignant tumor of the eyelids?
Basal cell carcinoma is by far the most common malignant tumor of the eyelids, followed by squamous cell carcinoma 
and sebaceous carcinoma. For well-demarcated, nonsclerosing basal cell carcinomas less than 2 cm in diameter, 
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a 1- to 2-mm grossly free margin will be histologically free of tumor in 94% to 95% of cases. With recurrent or more 
aggressive tumors, it is necessary to resect larger margins, and it is often wise to delay reconstruction until permanent 
pathologic specimens are examined. Sebaceous carcinoma of the eyelid is uncommon and difficult to diagnose, and it 
carries a poor prognosis. The lower lid is the most common site for occurrence.

13. Which region of the eyelid is most likely to have a recurrent or an advanced tumor?
Tumors of the medial canthal region are more likely to be advanced and have a higher chance of recurrence. Medial 
canthal complexity and location make reconstruction difficult. Tumors of this region often are recognized late and often 
are inadequately resected.

14. What factors predict postoperative dry eye syndrome?
Orbital and periorbital morphology along with abnormal ocular histories have been shown to be better predictors of 
postoperative dry eye complications than Schirmer’s test. Morphologic abnormalities include proptosis, exophthalmos, 
lax lower lids, scleral show, and maxillary hypoplasia. Abnormal histories include problems such as allergic conjunctivitis 
and corneal ulceration. Schirmer’s test is an objective measure of the lacrimal secretory capacity. Schirmer’s test I 
measures both basic and reflex secretion by the amount of wetting that occurs on a 5 × 35-mm filter paper placed on 
the lower conjunctiva for 5 minutes. Less than 10 mm of wetting is considered abnormal. Schirmer’s test II is similar to 
the first test, except that a local anesthetic is dropped into the eye to block reflex secretions.

15. What are the basic principles of eyelid reconstruction?
The eyelid is a dynamic, complex, and delicate structure, which performs indispensable functions related to the eye, 
serves as a source of beauty, and is not easily duplicated by noneyelid tissues. A clear understanding of the anatomy 
and functional aspects of the orbital regions is paramount for the success of eyelid reconstruction. The basic principles 
of eyelid reconstruction include maintenance of the integrity of the upper lid, replacement of deficient tissue with like 
tissue when possible, maintenance of eye mobility, establishment of an aesthetic balance, and provision of a protective 
lining, stable skin covering, and internal lid support.

16. A 38-year-old woman with a malignant tumor fixed to the upper tarsus undergoes 
a full-thickness resection. The resultant defect measures 30% of the horizontal 
dimension of the lid. What is the most appropriate reconstructive option?
Once a tumor involves the eyelid margin, a full-thickness excision is required, whereas the same tumor that 
does not involve the lid margin may require only a partial-thickness excision that can be closed directly or with a 
skin graft. Numerous methods exist for upper eyelid reconstruction. The horizontal dimension of the defect is an 
important consideration in selecting a reconstructive method, as are the basic principles outlined in Question 15. 
Generally, for an upper lid defect that is less than 25% of the horizontal length of the lid, the defect can be closed 
with direct approximation. In elderly patients with lid laxity, defects slightly greater than 25% can be closed by 
direct approximation. For defects greater than 25% of the horizontal dimension that cannot be closed by direct 
approximation, reconstruction usually consists of selective lateral cantholysis of the superior crus of the lateral 
canthal tendon with medial transposition of the lid. The combination of a local skin flap may be necessary. Larger 
upper lid defects up to 60% of the horizontal dimension require lid switch procedures that borrow like tissues from 
the lower lid, which are based on the marginal palpebral artery. Lid switch flaps can be designed 25% narrower 
than the defect width; however, the pedicle should be designed 5 to 6 mm in vertical dimension to avoid injury to the 
marginal artery. Defects that are 60% to 100% of the horizontal dimension typically are reconstructed with either 
a Cutler-Beard flap or a Mustardé total lid flap. The Cutler-Beard flap is a full-thickness lower lid advancement flap 
that is advanced under the intact lower lid margin (bridge) and then set into the upper lid defect. The Mustardé total 
lid flap closes the upper lid defect with a lateral canthotomy and a full-thickness lid switch flap using as much of 
the lower lid as needed. This procedure is followed by reconstruction of the lower lid donor defect with a composite 
graft and cheek advancement flap. Both are two-stage procedures. Other local flaps, such as the nasolabial or 
glabellar flap, combined with mucosal or composite grafts when needed, are sometimes used for lid and periorbital 
reconstruction (Fig. 58-2).

17. How much vertical height of upper tarsus is used in the design of a tarsoconjunctival 
flap for lower lid reconstruction?
As with upper eyelid reconstruction, numerous methods are used to reconstruct the lower lid. Significant differences, 
however, exist between upper and lower eyelid reconstruction. Because the upper lid is far more dynamic than the 
lower lid and is essential for corneal protection, lower lid reconstructions generally do not borrow like tissues from the 
upper lid; rather, reconstructions usually borrow tissues from other sources, such as the cheek. However, lid-sharing 
techniques for lower lid reconstruction can be highly successful. The Hugh’s tarsoconjunctival flap is a well-accepted 
example. The Hugh’s tarsoconjunctival flap is a staged advancement flap using the posterior lamella of the upper lid 
to reconstruct a lower lid defect. A horizontal incision is made through the posterior lamella of the upper lid, marking 
the advancing edge of the flap. The incision is made approximately 5 mm away from the lid margin. Approximately 
4 to 5 mm of inferior upper lid tarsus needs to be preserved to maintain upper lid support and lid margin stability. 
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The flap includes conjunctiva, tarsus, levator aponeurosis, and Müller’s muscle. After the flap is advanced and properly 
inset layer for layer into the defect, a full-thickness skin graft is secured onto the flap for coverage. Flap division usually 
is performed 6 to 8 weeks after the first stage.

For lower lid defects that extend up to 25% of the horizontal dimension of the lid, direct approximation, layer for layer, 
usually is possible. Defects of 25% to 60% of the horizontal dimension usually are reconstructed with a selective 
cantholysis and medial transposition of the lid with or without a local skin flap. Defects of 75% to 100% of the horizontal 
dimension require either a Hugh’s tarsoconjunctival flap (two stages) or a Mustardé cheek flap (one stage) with 
composite grafting for lid support and lining. The tarsoconjunctival flap is best suited for defects that have a vertical 
dimension of 4 to 5 mm. Marginal defects of either the upper or the lower lid can be reconstructed with a bipedicle skin/
muscle Tripier flap in conjunction with a composite graft, such as a septal chondromucosal graft (Fig. 58-3).

18. Is lower lid ectropion a common complication after a Cutler-Beard flap 
reconstruction?
No. Upper lid retraction may occur after the division of a Hugh’s tarsoconjunctival flap secondary to scar formation and 
foreshortened Müller’s muscle fibers in the donor bed. During the design and execution of the Cutler-Beard flap, care 
must be taken to avoid injury to the marginal artery of the lower lid. The marginal artery courses parallel to the lid margin 
approximately 3 to 4 mm from the edge. The inset-advanced Cutler-Beard flap usually is left in place for 6 to 8 weeks. 
Any unused portion is returned to the lower lid after division. Because of significant elongation in the flap, lower lid 
ectropion is not a typical complication. The Mustardé cheek advancement flap may cause lower lid ectropion secondary to 
flap retraction and gravitational forces. Notching at the area of marginal reapproximation is a common problem.

19. Is the contralateral eyelid a preferred site for skin graft harvest?
An optimal area for skin graft harvest in terms of color and texture is the contralateral eyelid; however, the amount 
of skin is limited. The following sites are preferred areas for skin graft harvest: retroauricular, preauricular, and 
supraclavicular. The infraclavicular region yields a graft with poor color match.

A B C

D E

Figure 58-2. Reconstruction of the upper eyelid. A, Direct approximation. B, Selective lateral cantholysis and medial 
transposition of the lid. C, Lid switch flap. D, Cutler-Beard flap. E, Mustardé total lid flap.

A B C

D

Figure 58-3. Reconstruction of the lower eyelid. A, Direct approximation. B, Selective lateral cantholysis and medial transposition 
of the lid. C, Hugh’s tarsoconjunctival flap. D, Mustardé cheek flap with composite graft.
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20. Describe the evaluation of lid ptosis.
Ptosis of the upper lid can be classified as congenital, neurogenic, myogenic, aponeurotic, or mechanical. The underlying 
cause, degree of ptosis, amount of levator function, position of the globe, presence of a Bell’s phenomenon, and position 
and contour of the upper lid fold are important in the evaluation of the ptotic lid. The degree of lid laxity, or the result of 
a “snap-back” test, is not a critical factor; however, lid tone is important. The Tensilon test is useful in the diagnosis of 
ocular myasthenia. Topical phenylephrine is useful in evaluating Horner syndrome, a neurologic form of ptosis.

21. For most patients with lid ptosis, what is the most important factor in determining 
which operation to perform?
The most important factor in selecting the optimal surgical approach for patients with lid ptosis is the measure of levator 
function. The normal lid covers 1 to 2 mm of the upper limbus of the cornea. Levator function (excursion) is measured 
by the distance (in millimeters) that the upper lid margin travels from downward gaze to upward gaze with the brow 
immobilized. Although many ptosis repair techniques exist, four are most frequently used: Fasanella-Servat operation, 
aponeurosis surgery, levator resection, and brow suspension.

22. What is the underlying cause of congenital ptosis?
Congenital ptosis is present at birth and involves an isolated dystrophy of the levator muscle.

23. A patient who has lid ptosis secondary to an attenuated levator aponeurosis, 
4 mm of ptosis, and a levator function of 8 mm is best treated by which ptosis 
procedure?
Levator function is classified as good (>10 mm), fair (4 to 10 mm), or poor (<4 mm). The degree of ptosis is classified 
as mild (1 to 2 mm), moderate (3 to 4 mm), or severe (>4 mm). In general, the Fasanella-Servat operation is optimal 
in patients with good levator function and mild ptosis. Aponeurosis surgery is most appropriate for patients with good 
levator function and moderate ptosis. Levator resection is used when the levator function is fair and the degree of 
ptosis is moderate. Brow or frontalis suspension techniques are used in patients with poor levator function and severe 
ptosis. Suspension procedures are mostly applied to treat severe congenital ptosis. The Fasanella-Servat operation 
involves a conjunctival, tarsal, and Müller’s muscle resection. Aponeurosis surgery involves direct repair or advancement 
of the levator aponeurosis. Levator resection surgery involves resection of the levator aponeurosis. Brow or frontalis 
suspension entails suspending the lid margin to the frontalis muscle. The Neo-Synephrine test helps to determine 
if the Fasanella-Servat operation will yield a satisfactory result. If 10% Neo-Synephrine drops do not elevate the lid 
significantly, the Fasanella-Servat operation probably will result in undercorrection.

24. Match the following
1. Ectropion A. Abnormal skin fold that may cause inversion of the eyelid
2. Epicanthus B. Frequently caused by chemical burns
3. Blepharophimosis C. Associated with ptosis of the upper lids
4. Entropion D. Fold of skin overhanging the medial canthus
5. Epiblepharon E. Ocular irritation secondary to turned-in lashes
6. Trichiasis F. May involve significant lid retraction leading to exposure keratinization
7. Symblepharon G. May be caused by horizontal laxity

Ectropion is an eversion of the eyelid margin, often first producing scleral show. It may lead to serious oculopathies, 
such as exposure keratinization.

Epicanthus is an overhanging skin fold that partially hides the medial canthus. Congenital epicanthus most frequently 
occurs in Asians.

Blepharophimosis is a congenital malformation associated with ptosis and epicanthal folds, telecanthus, and shortening 
of the horizontal fissure of the lids.

Entropion is the inversion of the eyelid. Horizontal lid laxity may lead to involutional entropion. This malposition of the lid 
often causes corneal irritation from friction elicited by turned-in lashes.

Epiblepharon is an abnormal skin fold that folds over the skin margin, usually resulting in the inversion of the eyelid 
margin.

Trichiasis refers specifically to eyelashes that are turned against the globe, with the lid remaining in its normal position.
Symblepharon is a cicatricial fusion between the globe and the inner surface of the eyelid. It usually occurs as a 

complication of a chemical burn.
Answers: 1 F, 2 D, 3 C, 4 G, 5 A, 6 E, 7 B.

25. What factors contribute to entropion?
Congenital entropion may result from an abnormal tarsal plate. Involutional entropion usually is the result of horizontal 
lid laxity or an overriding preseptal muscle. Cicatricial entropion occurs secondary to shortening of the posterior lamella. 
Facial paralysis, particularly of the orbicularis oculi muscle, results in a paralytic ectropion.
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26. What factors contribute to ectropion?
Congenital ectropion usually is caused by a deficiency of eyelid skin. Involutional or senile ectropion is most often a result 
of laxity of the tarsus, canthal structures, and lid retractors. Cicatricial ectropion is a relative deficiency of skin and muscle 
from various causes, ranging from retraction and contraction (of the anterior lamella) to excessive removal of skin during 
blepharoplasty. Paralytic ectropion is a complication of facial nerve palsy. Repair of ectropion depends on the underlying 
pathology. Enophthalmos from periorbital fat atrophy decreases posterior lid support and leads to involutional entropion.

27. How does the Asian eyelid differ from the Occidental eyelid?
The Asian eyelid differs from the Occidental eyelid by the common presence of epicanthal folds and lack of a supratarsal 
fold. The supratarsal fold is defined by dermal attachments of the levator aponeurosis, which is lacking in the Asian 
eyelid. Often retroorbicularis fat is also increased. Furthermore, the preaponeurotic fat may extend lower in the Asian 
eyelid secondary to a lower insertion of the orbital septum to the levator aponeurosis.

28. Describe tear secretion and the composition of tear film.
Tear secretion is either basic or reflexive. The precorneal tear film is composed of three layers. The innermost layer is 
the mucin layer, composed mainly of polysaccharides secreted by the conjunctival goblet cells. This layer stabilizes the 
tear film, provides lubrication, and prevents desiccation. The intermediate layer is the aqueous layer, which accounts for 
90% of the tear film and is composed of an aqueous (98% water) solution secreted by the accessory and main lacrimal 
glands. The most superficial layer is mainly composed of lipids secreted by the meibomian, Zeis, and Moll glands. This 
layer also stabilizes the tear film and minimizes evaporation. The tear film break-up test measures the amount of time 
required for discontinuities or “holes” to form in the tear film when the eye is not allowed to blink. A time of less than 
10 seconds is considered abnormal.

29. What are the indications for performing dacryocystorhinostomy?
Dacryocystorhinostomy (DCR) is a surgical technique that opens the lacrimal sac directly into the nasal cavity. DCR is 
most commonly performed on patients with lacrimal obstruction distal to the common canaliculus, including patients 
with paralysis of the pump mechanism. DCR may be used to treat chronic dacryocystitis. For obstruction of the common 
canaliculus, a canaliculodacryocystorhinostomy is performed. If both upper and lower canaliculi are obliterated, a 
conjunctivodacryocystorhinostomy is performed.

30. During the reduction of an avulsed medial canthal tendon, injury to the nasolacrimal 
duct is suspected. What is the appropriate course of action?
The initial management of traumatic telecanthus and nasoethmoidal fractures does not include exploration of the 
nasolacrimal duct. In this situation, delayed obstruction is not common and would be treated by DCR. Unnecessary initial 
exploration may cause trauma to the lacrimal drainage system.

31. After selective cantholysis and medial transposition of the lid for reconstruction of a 
moderate upper lid defect, a patient complains of severe pain, photophobia, blurred 
vision, epiphora, and a foreign body sensation on the eye. Extraocular movements 
are intact, and funduscopic examination appears normal. Does the initial appropriate 
management include releasing all the incisions and administering mannitol?
Retrobulbar hematoma is a serious complication after eyelid surgery and may lead to blindness. Sudden-onset pain, 
proptosis, and conjunctival edema indicate the likelihood of a retrobulbar hemorrhage. The patient also may have limited 
extraocular movements, periorbital ecchymosis, and firmness to the eye. Immediate intervention is necessary, including 
opening all wounds and pharmacologically decompressing the orbit, as by administration of mannitol. An emergent 
ophthalmologic consultation should be obtained. The patient’s complaints, however, are consistent with a corneal injury. 
After application of a topical anesthetic, the eye should be irrigated and examined. Fluorescein dye, which is dropped 
onto the corneal surface and then illuminated with a Wood’s lamp, readily confirms the diagnosis of corneal abrasion. 
The patient is then treated with a topical antibiotic. A topical short-acting cycloplegic can be applied if ciliary spasm is 
significant; however, local anesthetics should not be continued (or ever prescribed for the patient) because they delay 
reepithelialization, mask complications, and decrease the protective sensibility of the eye. Although the vast majority of 
corneal abrasions heal rapidly within 1 to 3 days without complication, the possibility of superinfection and recurrent 
epithelial erosions must be kept in mind.
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 1. What are the normal size, position, protrusion, and axis of the ear?
The normal adult ear height is between 5.5 and 6.5 cm. The width varies from 66% of the height in children to 55% of the height 
in adults. Eighty-five percent of ear development occurs by age 3 years, and full development occurs between the ages of 6 to 
15 years. For children 4 years of age, a subnormal ear height (i.e., <2 SD) is below 4.5 cm. General guidelines are as follows:

 • The ear should lie one ear length posterior to the lateral orbital rim.
 • The lateral protrusion of the helix from the scalp is between 1.5 and 2.0 cm.
 • The mean inclination of the ear from the vertical is 20° posterior.

 2. Using Figure 59-1, name the landmarks of the external ear.

A. Helical rim
B. Superior crus
C. Scapha
D. Antihelix

E. Concha
F. Tail of helix
G. Triangular fossa
H. Inferior crus

I. Cymbum concha
J. Root of helix
K. External auditory meatus
L. Tragus

M. Cavum concha
N. Intertragal notch
O. Antitragus
P. Lobule

 3. What is the vascular supply of the ear?

ArteriAl Supply

 • Superficial temporal artery: Supplies lateral surface of auricle
 • Posterior auricular artery: Branch of external carotid artery; dominant blood supply to posterior surface of ear, 
lobule, and retroauricular skin in 93% of cases

 • Occipital artery: Minor contribution; dominant blood supply to posterior ear in only 7% of cases

VenouS outflow

 • Posterior auricular veins: Drain into external jugular vein
 • Superficial temporal and retromandibular veins: Drain anterior auricle

 4. Can an amputated ear be replanted?
Yes. An amputated ear can be replanted by microanastomosis of the posterior auricular artery (diameter 0.6 to 2.0 mm) 
and a posterior auricular vein (diameter 0.8 to 2.5 mm) to donor vessels, provided these vessels can be identified.
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Figure 59-1. Landmarks of the external ear (From Leber DC: Ear reconstruction. In Georgiade GS, Georgiade NG, Riefkol R, Barwick WJ 
[eds]: Textbook of Plastic, Maxillofacial and Reconstructive Surgery, 2nd ed. Baltimore, Williams & Wilkins, 1992, p 494, with permission.)
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 5. Describe the nerve supply of the auricle. Why can a patient with an oropharyngeal 
carcinoma present with ear pain?
 • Great Auricular Nerve (C2, C3): Sensation to lower half of lateral surface of the ear and lower portion of the cranial 
surface of the ear

 • Auriculotemporal Nerve (Branch of V3): Sensation to superolateral surface of ear and anterior and superior surface of 
external auditory canal

 • Lesser Occipital Nerve: Sensation to superior cranial surface of ear
 • Arnold’s Nerve (Auricular Branch of Vagus Nerve): Sensation to concha and posterior auditory canal; patients with 
cancers of the oropharynx (tonsil, base of tongue, soft palate) may complain of ear pain referred via the branches of 
the vagus nerve that innervate both the oropharynx and concha

 6. What is the embryologic origin of the external ear? Why is this knowledge significant 
in treating malignant tumors of the external ear?
During embryologic development, the auricle arises from the first (mandibular) and second (hyoid) branchial arches. Three 
anterior hillocks of the first branchial arch from the tragus, helical crus, and superior helix. Three posterior hillocks of the 
second branchial arch form the antihelix, antitragus, and lobule. The first branchial groove forms the external auditory meatus.

Cutaneous carcinomas of the external ear may spread via lymphatic channels that follow embryologic development. 
Cancers of the tragus, helical crus, and superior helix drain into the parotid nodes. Cancers of the antihelix, antitragus, 
and lobule drain into the mastoid nodes. Cancers of the concha and meatus may drain into the parotid and mastoid 
nodes. Clinicians must be alert to these drainage patterns making diagnoses and prescribing treatment.

 7. What is the incidence and etiology of microtia?
Microtia (hypoplastic deformity of the auricle) occurs 1:6000–8000 births. Male-to-female ratio is 2:1, and right-to-left-
to-bilateral ratio is 5:3:1.

Microtia is thought to be a component of first and second branchial arch syndrome (hemifacial microsomia) with varying 
degrees of hypoplasia of the bony and soft tissues of the involved half of the face. The proposed mechanism is thought 
to be obliteration of the stapedial artery during early embryonic life. Agents implicated have included viruses (rubella), 
drugs (thalidomide), and multifactorial inheritance.

 8. What factors enter into the timing of microtia reconstruction?
Optimal reconstruction requires costal cartilage of sufficient size and shape to carve the key framework details and maintain 
the strength to display these details through the overlying skin envelop. Although some surgeons begin the reconstruction as 
early as 6 or 7 years of age, better results can be obtained at age 9 to 10 years or later. Clearly the potential psychological 
issues of the child dealing with his or her deformity must be balanced against the benefits of delaying the surgery for a 
few more years. Being one who has gradually made the transition of reconstruction at the lower end of that spectrum to 
one who feels strongly that the surgery is better delayed, I (BB) believe the majority of children deal with the delay of the 
reconstruction without ill effects. It must be made clear to the parents that the best chance for an ideal reconstruction 
is the first attempt, even if this means putting the surgery off for a few years. Patients should be reminded that once the 
reconstruction is completed, the child will have the remainder of his/her life to benefit from the improved outcome.

 9. In what cases and at what time is middle ear surgery indicated?
Complete deafness is rare in microtia because the inner ear, or neurosensory apparatus, is normal. Children have normal speech 
and adapt well without middle ear surgery. Middle ear surgery is generally reserved for bilateral microtia patients and is done 
after auricular reconstruction. In selected cases middle ear reconstruction can be performed in patients with unilateral microtia 
but should be planned following completion of the external reconstruction to avoid further complicating these procedures.

10. What are the basic steps in microtia reconstruction?
 • Cartilage framework construction
 • Dissection of auricular vestige and placement of framework
 • Lobule transposition
 • Tragal construction and conchal excavation
 • Helical rim elevation

The sequence of procedures and what is accomplished in each stage varies depending on the technique chosen by the 
operating surgeon, but it is agreed that the cartilage framework should be placed in the first stage to make maximal use 
of the unscarred bed of the vestige. Opinions also vary on whether the lobule should be rotated in the first or second 
stage. Current techniques demonstrate a significant benefit of lobule rotation at the time of cartilage graft placement. 
Nagata demonstrated that the tragus can be reconstructed as part of the initial framework rather than at a separate 
stage. Following other techniques, the lobule rotation, tragal construction, and elevation of the helical rim are performed 
in either the second or third stage of reconstruction (Figs. 59-2 and 59-3).
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11. Which costal cartilages are harvested for construction of the framework in microtia 
reconstruction?
A cartilage framework is constructed from varying portions of the sixth to ninth costal cartilages depending on the 
technique selected. Authors vary on whether to use ipsilateral or contralateral cartilages, basing their decision on how 
the cartilage segments are most easily spliced. Opinions also differ on whether to retain perichondrium on the graft or 
to leave it behind in the donor area. Although maintaining some perichondrium on the graft helps to maintain long-term 
graft integrity, some believe that maintaining at least the visceral perichondrium in the donor site may minimize the risk 
of subsequent donor site deformity.

12. What options are available if the skin envelope is insufficient?
On some occasions insufficient skin is available to cover the cartilage framework. These circumstances arise as a result 
of associated facial deformity (hemifacial microsomia, Goldenhar syndrome, Treacher Collins syndrome) in which the 
auricular vestige is malpositioned and the hairline is low lying or in cases of excessive scarring surrounding the vestige 
(from trauma or prior unsuccessful surgery).

Tissue expansion has been used in selected ear reconstruction cases, but the associated risk of expander complications, 
such as exposure, are significantly higher in this region than in other areas, and expansion is generally not 
recommended. This is particularly the case in the treatment of significant facial scarring around the vestige or in the 
remaining ear segment following trauma.

The most readily available tissue for reconstruction in these cases is the temporoparietal fascial flap (TPFF) or 
occasionally its extension into the postauricular area. This flap usually is based on the superficial temporal artery but is 
best raised on both superficial temporal and postauricular vessels for total auricular reconstruction. In cases of severe 
tissue loss and deep scarring, use of the contralateral TPFF by microvascular transfer may be necessary. In most cases 
of fascial coverage of the framework the fascia is covered with a split-thickness skin graft. We prefer a 0.016-inch thick 
graft from the scalp. This donor site is totally hidden as the hair regrows, and the color match of the graft is excellent.

13. Discuss some of the complications of ear reconstruction. How would you remedy them?
 • Rib Donor Site Problems: Pneumothorax, atelectasis. When recognized intraoperatively, aspirate the pneumothorax 
with a red rubber catheter and repair the pleural rent during positive pressure ventilation. Incentive spirometry and 
pulmonary toilet are indicated for atelectasis.
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Figure 59-2. First stage reconstruction. A, The costal cartilage graft is harvested from either contralateral or ipsilateral 6th–8th cartilages 
depending on the surgeon’s preference. B–E, The framework is constructed from a base block of the 6th and 7th cartilages, which can be 
carved to show as much of the highlights of the lower helical rim, antihelix, and crura as the graft thickness will allow. F–H, The helical 
rim is carved from the 8th costal cartilage and is mounted on the base block, which is further elevated in height with a segment of graft 
mounted under the base block mimicking the posterior conchal wall, and additional highlights are created with grafts sutured onto the 
antihelix. I, The graft is completed with addition of the tragal portion of the framework.
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 • Ischemia or Necrosis of the Skin Envelope with Graft Exposure: Graft exposure mandates aggressive care, either 
antibiotic ointment for very small areas of exposure or coverage with well-vascularized tissue. Failure to gain 
coverage may result in either partial or complete framework loss. Primary closure can be attempted after trimming 
the end of the exposed cartilage, but rarely is the adjacent skin healthy enough to allow advancement and 
closure. Coverage with a narrow TPFF or postauricular fascial flap and skin graft often is safer and provides better 
vascularization of the underlying cartilage.

 • Ischemia of Transposed Earlobe: If performed during the first stage, lobule transposition requires leaving the adequate 
subdermal pedicle attached to the lobule in the location of the intertragal notch. Leaving the transposition for a 
second stage may be safer in experienced hands.

 • Hematoma and Seroma: Ensure complete hemostasis and always place a suction drain in the pocket.
 • Resorption of Framework/Failed Reconstruction: Avoid cartilage exposure; if it occurs treat it aggressively. Leave the 
perichondrium on the graft that is in contact with the skin. Failed reconstruction usually requires starting anew.

 • Flaws in Planning: Poor ear position, poorly designed framework.
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Figure 59-3. Total ear reconstruction. A-D, The pre-op deformity is shown in this 14-year-old male with a moderately dystopic auricular 
vestige with significant skeletal and soft tissue hypoplasia. The lobule is rotated in the first stage, and the soft tissues handled similar to 
Nagata’s technique, with a subcutaneous pedicle maintained into the upper flap as the lobule is freed to allow its safe rotation and splicing. 
E, The result is seen 4 months following first stage reconstruction with excellent cartilage detail, but the helical rim has not yet been elevated. 
F, G, The result is shown 5 months after elevation of the helical rim and split thickness scalp graft to the post-auricular sulcus. In this case, 
the additional banked cartilage graft was not needed for further projection. 
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14. Faced with a patient with a traumatic avulsion of the ear, you are unable to identify 
any uninjured vessel to perform an anastomosis. What should be done with the 
avulsed part?
The optimal treatment of cases where replantation with anastomosis of a healthy vessel is not possible still is 
controversial. Anecdotal cases have described salvage of an entire ear by replantation without microvascular 
anastomosis, but this approach cannot be relied on and typically results in total or near-total loss of the avulsed segment. 
In the past it was suggested that the skin be carefully dissected from the amputated part and the cartilage buried beneath 
the skin in the abdominal area or retroauricular area to be later retrieved and used as the framework for subsequent 
reconstruction. Unfortunately, in almost all cases, this approach results in deformation and loss of the cartilage substance 
with a nonuseable graft of cartilage being retrieved from the banking site. Selected single cases in which the denuded 
cartilage was covered with either a regional fascial flap or a distant flap with subsequent microvascular transfer have 
been reported. In the majority of these cases the final result of the reconstruction had poor definition.

Brent and other authors, including us, agree that a far superior result can be obtained in experienced hands with 
débridement and preservation of the remaining ear segment with subsequent formal staged reconstruction with 
cartilage framework, TPFF, and skin graft coverage. Unless the operating surgeon has experience with more complex 
alternative fascial flap coverage techniques, the use of the fascia acutely for coverage of the replanted cartilage will 
significantly complicate further reconstruction when an unacceptable outcome results.

15. What principles of treatment are observed for a burned ear? How are segmental 
defects reconstructed?
 • Reconstruction begins with preservation of viable tissue, not with early surgical intervention.
 • Exposed, nonviable cartilage will not heal, and surgical débridement and reconstruction need to be performed.
 • Excision of dry, nonsuppurative eschar should be condemned. Sulfamylon cream is the most effected topical 
antibacterial because of its eschar penetration.

 • Segmental cartilage resection of tragus, antitragus, inferior crus, and midportion of the antihelix does not alter the 
overall appearance of the ear. Local skin flap advancement or skin graft may be all that is needed.

 • Segmental loss of helix can be reconstructed with a local chondrocutaneous advancement (Antia) flap, wedge 
excision and closure, contralateral conchal cartilage graft with local skin flap, or composite grafts (if defect <1 cm).

 • Sulfamylon rather than Silvadene is the preferable topical antibiotic for treatment because of its superior cartilage 
penetration.

 • Major loss of ear cartilage and soft tissue requires reconstruction with costal cartilage framework, TPFF, and   
split-thickness skin graft.

16. What are the three most common cancers of the auricle?
Squamous cell carcinoma (50% to 60%), basal cell carcinoma (30% to 40%), and melanoma (2% to 6%). Approximately 
12% of head and neck squamous cell carcinomas and basal cell carcinomas occur on the periauricular areas. Invasion 
of the perichondrium necessitates excision of the underlying cartilage.

17. List the main causes of auricular chondritis. What is usually the causative organism 
in infectious cases?
Infectious chondritis of the auricle is induced by auricular injury, which may be secondary to burns, surgical 
manipulation of the auricle (e.g., conchal cartilage graft harvest), or cosmetic piercing of the ear cartilage. Pseudomonas 
aeruginosa is responsible in 95% of these cases. If there is no preceding injury, consider relapsing polychondritis, an 
autoimmune disorder that affects auricular cartilage in 90% of cases; nasal, laryngotracheobronchial, and peripheral 
joint cartilage may be involved as well.

18. What is the typical clinical presentation of post piercing suppurative chondritis of 
the auricle? How is it treated acutely?
Patients typically present within the first week after piercing with dull pain of the auricle that progresses over hours to 
severe edema, erythema, warmth, and exquisite tenderness, often with frank abscess formation. There is effacement 
of the postauricular sulcus and concomitant protrusion of the auricle. The superior helical rim at the piercing site is 
involved first, followed by the scapha and adjacent antihelix and, if untreated, the remainder of the pinna.

Acute treatment should consist of incision and drainage of the suppurative pocket via a scaphal incision parallel to the 
helix, followed by admission for intravenous antipseudomonal antibiotics. Sulfamylon dressings are applied to the ear 
and changed every 8 hours. Conservative débridement of clearly necrotic cartilage is indicated early.

19. Describe the appearance of a mature post chondritis deformity. What are the 
considerations in timing of reconstruction?
The deformity involves loss of structural support of the upper third of the auricle, including the superior helical rim, 
scapha, and superior antihelix, with resulting malacia and notching of the cartilage contour. The skin and soft tissue 
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envelope often are scarred from the infection and drainage incisions but typically are intact and capable of supporting 
a reconstructive framework. Reconstruction should be deferred until all signs of acute inflammation are eliminated, all 
remaining cartilage is viable, and no evidence of recurrence is seen over a 6- to 9-month observation period.

20. How should the reconstruction of a post chondritis auricular deformity be performed?
Structural support should be obtained from a contralateral conchal cartilage graft modeled on the normal ear, with 
costal cartilage reserved for the most extensive cases of cartilage loss. The local skin/soft tissue envelope, preserved 
by careful dissection from the damaged cartilage, usually is sufficient for coverage of the new framework. If the skin is 
injured beyond salvage, soft tissue coverage can be accomplished using an ipsilateral TPFF with a full-thickness skin 
graft from the contralateral postauricular sulcus. Xeroform gauze and a head wrap are applied, and postoperative oral 
antibiotics are continued for 1 week.

ControVerSy

21. What alternative materials have been advocated for use as a framework in microtia 
reconstruction? What are the pros and cons of these materials?
In an effort to avoid the use of autogenous cartilage and potential risks associated with its harvest, Reinish has 
advocated the use of a porous polyethylene framework. Although many have found as great a risk of extrusion with 
this material as with earlier silicone frameworks, the combination of its inertness and porous quality are stated to be 
better for tissue anchorage than early Silastic implants. With total fascial coverage Reinish states that extrusion of the 
implant can be avoided. However, the few advocates of this method tend to overstate the risks of harvesting autogenous 
cartilage and underestimate the frequency that many surgeons have seen with implant exposure. Although Reinish 
reports high numbers of cases done over many years, he presents statistics that are drawn from a very small sample of 
this large series. Whether the results will be stable throughout the child’s life remains to be seen. Until then autogenous 
reconstruction regardless of the surgeon’s preference of staging and framework construction remains the gold standard.
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Lip ReconstRuction 60

 1. What are the key anatomic features of the lip?
The key landmarks include the vermilion border, commissure, tubercle, philtral columns, and Cupid’s bow  
(Fig. 60-1).

 2. What is the significance of the vermilion border?
The vermilion border, also known as the white roll or the mucocutaneous line, is the transition zone between the 
mucosa of the lip and the skin. In the surgical repair of this structure, anatomic alignment is critical, as even a 1-mm 
discrepancy is noticeable at a conversational distance.

 3. What is Cupid’s bow?
Cupid’s bow is the central portion of the upper mucocutaneous line at the base of the philtral columns. Defects of 
Cupid’s bow may be covered by a mustache in males. In females, however, absence of this landmark leads to a 
flattened appearance of the upper lip.

 4. What is the primary function of the lips?
The main function of the lips is to provide oral competence. This function is controlled by the orbicularis oris muscle. Its 
muscle fibers originate at an area of mingling of various muscle bundles lateral to the commissure (known  
as the modiolus), cross the lip at the midline, and insert at the opposite philtral column.

1 1

3 4

5
6

7

2

Figure 60-1. Topographic anatomy of the lips. 1, Philtral columns. 2, Philtral groove or dimple. 3, Cupid’s bow. 4, White roll upper lip. 
5, Tubercle. 6, Commissure. 7, Vermilion. (From Zide BM: Deformities of the lips and cheeks. In McCarthy JG [ed]: Plastic Surgery. Philadelphia, 
WB Saunders, 1990, p 2009.)
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 5. What are the muscles of the upper and lower lips?
The orbicularis oris produces an oral sphincter integral to facial expression and oral competence. The levator labii 
superioris, zygomaticus major, and levator anguli oris elevate the upper lip. The depressor labii inferioris (quadratus) 
and depressor anguli oris (triangularis) are the depressors of the lower lip and angle of the mouth. The mentalis muscle 
elevates the central portion of the lower lip.

 6. What is the motor and sensory innervation of the upper and lower lips?
The buccal and zygomatic branches of the facial nerve supply motor innervation to the upper lip. The marginal 
mandibular branch of the facial nerve supplies motor innervation to the lower lip. Sensory innervation of the upper lip is 
provided by the infraorbital branch of the trigeminal nerve, whereas the mental nerve supplies the lower lip.

 7. Discuss the vascular anatomy of the lips.
The facial artery emerges bilaterally between the mandible and anterior border of the masseter muscle and divides 
at the commissure to form the superior labial artery, which supplies the upper lip, and the inferior labial artery, which 
supplies the lower lip. Venous drainage occurs mainly via branches of the facial vein.

 8. Are the inferior labial arteries always bilateral and constant?
No. Cadaveric anatomic studies show that the vascular distribution, the anatomic location, and the caliber of the inferior 
labial arteries are variable, and Doppler evaluation should be performed before attempting axial flap or microsurgical 
reconstruction.

 9. Discuss the lymphatic drainage of the lips.
Lymphatic drainage of the upper lip and lateral third of the lower lip is facilitated by the submandibular lymph nodes. 
The central third of the lower lip drains into the submental lymph nodes bilaterally.

 10. How is an infraorbital nerve block performed?
The infraorbital foramen is 4 to 7 mm inferior to the infraorbital rim in the axis of the pupil. Transcutaneous injection 
with local anesthetic is performed just lateral to the nasal alar base. Intraoral or transmucosal technique requires needle 
insertion superior to the canine eminence.

11. How is a mental nerve block performed?
To locate the mental nerve, roll the lower lip outward and stretch the mucosa. The mental nerve should be visible at the 
canine root, lateral to the canine sulcus. Avoid injection of anesthetic into the mental foramen.

12. Is the mental nerve block sufficient for anesthesia of the chin?
No. To block the region below the labiomental fold, an inferior alveolar nerve block should be performed at the medial 
border of the mandibular ramus intraorally.

13. Can the lip be locally infiltrated with an anesthetic agent?
Yes. The advantage of local anesthesia with the addition of epinephrine is hemostasis. However, the increased volume 
can distort the anatomy, especially at the vermilion border. It is imperative to mark the edges of the mucocutaneous 
junction with ink before infiltration of local anesthetic.

14. What are the principles of lip reconstruction?
 • Maintain oral sphincter competence
 • Restore anatomic landmarks
 • Provide adequate stomal opening for speech and eating
 • Preserve sensation
 • Restore aesthetic appearance

15. How should lesions near the vermilion border be managed?
Lesions near the vermilion border should be excised in a vertical ellipse. If the lesion is oriented horizontally, excision 
can be performed transversely. The mucocutaneous line should be avoided, if possible. If the lesion crosses the 
vermilion, the incision must cross the mucocutaneous line at a 90° angle. In all planned excisions that cross the 
vermilion, dye should be used to mark the junction before infiltration of local anesthetic.

16. Should sutures be placed directly on the mucocutaneous junction to align the 
vermilion border?
No. Erythema may develop at the suture line secondary to inflammation and distort the mucocutaneous line. Sutures 
can be placed immediately above and below the vermilion border for proper alignment.
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17. How much tissue loss still permits a satisfactory primary closure of the lips?
Up to 25% of the lip can be excised without subsequent functional or aesthetic defect. In elderly patients, the length 
may be increased to one third because of tissue laxity.

18. How should full-thickness lip lacerations be repaired, and what suture material can 
be used?
The buccal mucosa can be repaired with 4-0 or 5-0 chromic suture, either interrupted or running. The muscles must be 
well aligned and reapproximated to preserve proper oral sphincter function; 4-0 Monocryl or Vicryl may be used. The 
dermal layer can be closed with 5-0 Monocryl or Vicryl, and the skin with either running or interrupted 6-0 nylon. Nylon 
can be used at the dry portion of the lip mucosa.

19. What is the distribution of lip cancers of the oral region?
Carcinomas of the lips represent 25% to 30% of all cancers of the oral regions.

20. Why is the lower lip a more common site for tumors than the upper lip?
The lower lip receives more direct actinic radiation (i.e., sun exposure), making it the site of 95% of all lip cancers.

21. What is the most common cancer of the lip?
Squamous cell carcinoma (SCC) is the most common neoplasm of the lip, with a high male predominance. Risk factors 
include fair skin, working outdoors with excessive sun exposure, smoking, and receiving immunosuppressive agents 
following transplantation.

22. Which benign lesion closely resembles SCC? How is it distinguished?
Keratoacanthoma (KA) may have a clinical appearance very similar to that of SCC. It also often is difficult to differentiate 
the two histologically. A rapid growth phase occurs more commonly with KA than with SCC, often allowing one to 
distinguish the two lesions. Seventy-five percent of KAs are located in the head and neck region; 10% are located 
equally on the upper and lower lips.

23. What is the biology of SCC?
The three morphologic types of SCC are exophytic (most common), ulcerative, and verrucous (rarely occurs on lips). 
The ulcerative type is generally more invasive and has a higher histologic grade than does the exophytic type. Potential 
for regional metastasis is directly proportionate to the size and duration of the lesion and inversely proportionate to the 
degree of differentiation prior to treatment. Distant metastases are unusual. Local recurrence rate doubles if the primary 
lesion is located at the oral commissure. Less than 2% of all lip cancers involve the commissure. In general, upper lip 
cancers grow more rapidly and have a higher metastatic rate and a lower 5-year survival.

24. What are the key considerations in lip reconstruction?
The size of the oral aperture is important to provide adequate access for oral hygiene, dental repair, and denture 
insertion or removal. Sensation should be carefully preserved because a decrease may lead to impaired ability to retain 
liquids in the oral cavity. Preservation of neurovascular supply during flap mobilization, proper anatomic alignment, and 
restoration of function and cosmesis are critical. Revisions after initial flap reconstruction may be necessary.

25. What is an important and common complication of lip reconstruction?
Reduction of the size of the oral stoma is a common problem after reconstruction.

26. Why is the lower lip a more suitable donor for reconstruction than is the upper lip?
The lower lip has no distinguishing features such as the Cupid’s bow, philtrum, or tubercle. It may sustain greater tissue 
loss and can donate tissue for upper lip reconstruction.

27. Do V wedge resections provide adequate margins for SCCs of the lower lip?
No. V excisions are suboptimal because tumors tend to spread downward or laterally. Furthermore, the apex of the 
excision that crosses the labiomental fold may promote hypertrophic scars. The W excision, or the modified flared 
W-plasty, allows a wider resection and avoids crossing the labiomental fold (Fig. 60-2).

28. What options are available for repair of localized mucosal and vermilion defects?
Notch or saddle deformities of the lower lip involving the vermilion can be managed by excision and Z-plasty 
reconstruction (Fig. 60-3). Other options include the V-Y mucomuscular advancement flap and the lateral mucomuscular 
advancement flap (Fig. 60-4).
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29. What is a lip shave operation, and how do you reconstruct the resultant defect?
This procedure is also known as a total vermilionectomy. The vermilion is resected from the junction of the wet and dry 
lip to the mucocutaneous line. It usually is indicated for extensive actinic cheilitis or leukoplakia. Defects involving the 
entire vermilion can be reconstructed with a mucosal advancement flap. For defects less than one third of the lower 
vermilion, an axial musculovermilion advancement flap can be used (Figs. 60-5 and 60-6).

30. How do you reconstruct the oral commissure?
Major indications for oral commissure reconstruction include congenital macrostomia, postsurgical and/or posttraumatic 
scar, and electrical burns. In congenital cases, this may be associated with other craniofacial clefts; thus auditory testing 
is essential. Reconstruction usually is performed at 18 months of age. The midsagittal plane of the face is identified, 

Figure 60-4. V-Y mucomuscular advancement flap can be used for a midline whistle deformity of deficiency of the tubercle. (From Zide BM: 
Deformities of the lips and cheeks. In McCarthy JG [ed]: Plastic Surgery. Philadelphia, WB Saunders, 1990, p 2028.)

Figure 60-3. Significant notch deformities may require excision and Z-plasty to prevent further retraction. (From Zide BM: Deformities of 
the lips and cheeks. In McCarthy JG [ed]: Plastic Surgery. Philadelphia, WB Saunders, 1990, p 2015.)

ORIGINAL Flared W

Double
barrel

Single
barrel

A B

Figure 60-2. W-plasty results in a scar that crosses 
the labiomental fold, often providing a hypertrophic 
band. Modifications such as the flared W (upper right) 
or the barrel incisions (A, B) yield a more favorable 
scar. (From Zide BM: Deformities of the lips and cheeks. 
In McCarthy JG [ed]: Plastic Surgery. Philadelphia, WB 
Saunders, 1990, p 2016.)
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and the distance between the philtral column and the unaffected commissure is measured. Incisions are made at the 
junction of the atrophic vermilion and the skin to create turnover flaps for recreating mucosa. The upper and lower 
muscle bundles are overlapped and sutured to complete the orbicularis ring. A Z-plasty is incorporated into the skin 
closure (Figs. 60-7 to 60-12).

A B C

Figure 60-5. Vermilion reconstruction with buccal mucosa. A, Resection of the affected vermilion. B, Buccal sulcus relaxing incision and 
undermining of the anterior portion of the mucosal flap in a plane just deep to the minor salivary glands. C, Advancement of the mucosal 
flap. Buccal sulcus incision is allowed to heal secondarily. (From Behmand RA, Rees RS: Reconstructive lip surgery. In Achauer BM, Eriksson E, 
Guyuron B, et al. [eds]: Plastic Surgery Indications, Operations, and Outcomes. St. Louis, Mosby, 2000, pp 1197.)

A B

Figure 60-6. Axial musculovermilion advancement flap. A, The flap is elevated deep to the labial artery. The position of the labial artery 
can be identified at the time of the resection of the lesion. B, Forward advancement of the flap permits primary closure of the defect. (From 
Behmand RA, Rees RS: Reconstructive lip surgery. In Achauer BM, Eriksson E, Guyuron B, et al. [eds]: Plastic Surgery Indications, Operations, 
and Outcomes. St. Louis, Mosby, 2000, pp 1198.)

A B

Figure 60-7. A, Topographic view 
of a lateral cleft. B, Schema of the 
underlying muscle pathology. Note 
the discontinuity of the orbicularis 
sphincter with tapering of the upper 
and lower bundles. The cleft lies 
between the latter. (From McCarthy 
JG: Oral commissure repair 
technique. In Brent B [ed]: The  
Artistry of Reconstructive Surgery. 
St. Louis, CV Mosby, 1987, pp 268–270.)
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A B

AsA

Figure 60-9. Mucosal lining in commissuroplasty. A, The incision lines outlined for the turnover vermilion flaps. B, Elevation and 
approximation of the vermilion flaps provide oral closure. (From McCarthy JG: Oral commissure repair technique. In Brent B [ed]: The Artistry 
of Reconstructive Surgery. St. Louis, CV Mosby, 1987, pp 268–270.)

A B

Figure 60-10. Reconstitution of the orbicularis muscle ring. A, Skeletonization and transection of the upper and lower orbicularis muscle 
flaps. Dashed lines designate the division of the lower muscle bundle. B, The upper muscle bundle is plicated over the lower one to simulate 
the normal overhang of the upper lip. (From McCarthy JG: Oral commissure repair technique. In Brent B [ed]: The Artistry of Reconstructive 
Surgery. St. Louis, CV Mosby, 1987, pp 268–270.)

A

A

Figure 60-11. The commissure is established by a suture at point A¢s. (From McCarthy JG: Oral commissure repair technique. In Brent 
B [ed]: The Artistry of Reconstructive Surgery. St. Louis, CV Mosby, 1987, pp 268–270.)
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Figure 60-8. Plotting the 
new commissure. The distance 
between the philtral column (B) and 
commissure (A) is recorded on the 
unaffected side with a caliper. The 
same distance is recorded on the 
side of the repair (B¢-A¢). The point 
A¢ is moved 3 mm laterally (A¢s) to 
allow for expected scar contraction. 
An opposing point is marked on 
the lower lip. (From McCarthy JG: 
Oral commissure repair technique. 
In Brent B [ed]: The Artistry of 
Reconstructive Surgery. St. Louis, 
CV Mosby, 1987, pp 268–270.)
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31. Describe the flaps commonly used for lip reconstruction.
The following are full-thickness, musculomucocutaneous flaps:

 • Abbe Flap: V-shaped lower lip flap based on the inferior labial artery and designed opposite the area of defect 
for the central upper lip region. The flap is raised, transposed 180°, and inset. The donor site is closed directly. 
Second-stage division of the pedicle and final inset take place 14 days later (Fig. 60-13, A).

 • Estlander Flap: Triangular flap based on the superior labial artery and designed for reconstruction of the lateral lower 
lip defects involving the commissure. The flap is transposed 180° from the upper lip to the lower lip. This procedure 
results in a smaller oral stoma and indistinct commissure, which may require further revision (Fig. 60-13, B).

 • Gillies Fan Flap: Fan-shaped rotational advancement flap based on the superior labial artery and designed for large 
defects involving greater than 50% of the lower lip. The flap is made lateral to the defect around the nasolabial fold 
with a 1-cm back-cut. This procedure also may reduce the oral aperture (Fig. 60-13, C ).

 • McGregor Flap: Rectangular-shaped flap modified from the Gillies fan flap and based on the superior labial artery. 
This flap is rotated around the commissure without altering the size of the oral stoma. The width of the flap equals 
the vertical height of the defect, whereas the length of the flap equals the width of the defect plus the width of the 
flap. A mucosal advancement flap is required to reconstruct the lip mucosa (Fig. 60-13, D).

A B C

D E

Figure 60-13. Full-thickness musculocutaneous flaps for lip reconstruction. These flaps can be based on the right or left superior 
or inferior labial arteries and are useful for lip and oral sphincter reconstruction. A, Abbe flap arc to central upper lip. B, Estlander flap 
arc to oral commissure and lower lip. C, Gillies fan flap to central upper lip. D, McGregor flap arc to central lower lip. E, Karapandzic 
flap arc to central lower lip. (From Mathes SJ, Nahai F: Orbicularis oris flap. In Mathes SJ, Nahai F [eds]: Reconstructive Surgery: 
Principles, Anatomy, and Technique. New York, Churchill Livingstone, 1997, pp 301–320.)

Figure 60-12. Cutaneous coverage 
is achieved by interdigitating Z-plasty 
flaps. The latter are designed so 
that the scar’s resulting central limb 
falls in the nasolabial fold. (From 
McCarthy JG: Oral commissure 
repair technique. In Brent B [ed]:  
The Artistry of Reconstructive Surgery. 
St. Louis, CV Mosby, 1987, pp 268–270.)
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 • Karapandzic Flap: Rotational neurovascular advancement flap designed for upper or lower lip defects or both 
simultaneously. Semicircular incisions are performed from the edge of the skin defect toward the nasal ala bilaterally. 
The facial nerve branches and the branches of the superior and inferior labial arteries must be preserved (Fig. 60-13, E ).
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ReconstRuction of the oRal cavity

 1. What are the borders and contents of the oral cavity?
The oral cavity extends from the vermilion of the lips to the junction of the hard and soft palates superiorly and to the 
line of the circumvallate papillae of the tongue inferiorly. It contains the lips, buccal mucosa, alveolar ridges, retromolar 
triangle, floor of the mouth, hard palate, and anterior two thirds of the tongue (Figs. 61-1 and 61-2).

 2. What are the borders and contents of the floor of the mouth?
The floor of the mouth is a horseshoe-shaped area formed by reflections of mucous membrane from the mandibular 
alveolus to the ventral surface of the tongue. The posterior limit of the floor of the mouth is the anterior tonsillar 
pillar. Minor salivary glands are visible as small submucosal bulges on either side of the lingual frenulum. The paired 
sublingual glands are seen as larger bulges emerging from under the tongue more posteriorly. Each sublingual gland 
has multiple excretory ducts, most of which open separately into the floor of the mouth along an elevation of mucous 
membrane called the sublingual fold. Others join with the ipsilateral submandibular duct (Wharton duct), and the 
ducts exit together at the sublingual papilla that sits adjacent to the lingual frenulum near its base (Fig. 61-3).

Hard palate

Palatopharyngeal
arch

Palatoglossal
arch

Retromolar
trigone

Soft palate

Buccal mucosa

Tonsil

Oral tongue

Uvula

Gingival mucosa

Alveolar mucosa

Figure 61-1. Oral cavity (intraoral view). (From Mathes S [ed]: Plastic Surgery, 2nd ed. Philadelphia, WB Saunders, 2006.)
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Figure 61-2. Tongue. (From Mathes S 
[ed]: Plastic Surgery, 2nd ed. Philadelphia, 
WB Saunders, 2006.)

Sublingual gland

Sublingual fold

Lingual frenulum

Minor salivary glands

Sublingual papilla

Figure 61-3. Floor of the mouth. 
(From Mathes S [ed]: Plastic 
Surgery, 2nd ed. Philadelphia, 
WB Saunders, 2006.)

 3. Which risk factors are associated with oral cancer?
Tobacco products are the most significant risk factor; heavy alcohol consumption is the second. Of patients 
diagnosed with oral cancer, 75% are tobacco users. Concomitant tobacco and alcohol use has a synergistic effect 
and increases the risk of oral cancer by a factor of 15. Noncessation of smoking after diagnosis of a primary tumor 
increases the risk of developing a second primary tumor, increases the rate of recurrence, and decreases the 
response to radiotherapy.

Age is a relative risk factor, with the majority of patients older than 40 years. The male-to-female ratio is 2:1, as is the 
occurrence in blacks versus whites. White patients have a 5-year survival rate of 55% compared with only 33% for blacks.

Ultraviolet exposure is a risk factor for lip cancer. Poor oral hygiene, exposure to human papillomavirus-16 or human 
papillomavirus-18, syphilis, Plummer-Wilson syndrome, chronic candidiasis, and chronic exposure to toxic irritants are 
additional risk factors for oral cancer.

 4. What are the benign and premalignant lesions of the oral cavity?
Benign lesions of the oral cavity include sialocele formation due to the obstruction of minor salivary glands, sialolithiasis, 
pleomorphic adenoma, necrotizing sialometaplasia of the hard palate, dermoid cysts of the floor of the mouth, granular 
cell myoblastoma, hemangioma and lymphoma, mucosal polyps, fibroma, median rhomboid glossitis, aphthous ulcers, 
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and tuberculous granulomas. Premalignant lesions of the oral cavity include leukoplakia and erythroplakia; they are 
bright white or bright red in color, respectively. Histologic examination of these premalignant lesions reveals existing 
dysplasia or consequent malignant transformation.

 5. What is the distribution of oral cavity cancers by location and histologic types?
Malignant tumors of the oral cavity account for approximately 30% of all head and neck cancers. The tongue is the most 
common site for oral cavity cancers, accounting for 22% to 30% of all cases. The floor of the mouth is the second most 
common site of malignancy. Squamous cell carcinoma represents more than 90% of oral cancers. Adenocarcinomas are 
second in frequency. Subtypes of squamous cell carcinomas are differentiated, undifferentiated (transitional, spindle cell), 
adenoid squamous, and verrucous carcinoma. Verrucous carcinoma has a tendency to grow more radially than vertically.

 6. How can you predict the outcome and formulate a treatment of intraoral carcinoma?
Tumor size and thickness and presence of cervical nodal involvement are major determinants of outcome; however, 
immunohistologic quantification of tumor angiogenesis may help to predict the aggressiveness of the tumor. Tumor-
node-metastasis (TNM) classification is still the basis for formulating treatment (Table 61-1). Surgery remains the 
main treatment modality, although extended procedures cause functional problems with swallowing and speech. 
Reconstructive procedures are designed to minimize functional and aesthetic problems. Despite its acute morbidity 
(mucositis, odynophagia, swelling) and long-term morbidity (loss of taste perception, dry mouth, tissue necrosis), 
radiotherapy often is used as an adjuvant therapy in advanced cases and as primary treatment in lesions T2 or smaller.

 7. What are the objectives of oropharyngeal reconstruction?
The objectives are to maintain oral continuity, facilitate swallowing, prevent aspiration, preserve satisfactory speech, and 
provide primary wound healing in one stage. These functional restorations require adequate tongue mobility and oral sealing.

 8. Squamous cell carcinoma of the tongue is most frequently located at the base.  
True or false?
False. Three fourths of all tongue cancers are located in the anterior mobile portion. Forty percent of all tongue cancers 
have nodal involvement, and 20% of all cases demonstrate bilateral nodal involvement. Elective node dissection is 
recommended for tumors thicker than 10 mm. Tumors of the posterior third of the tongue are less well differentiated, 
and 75% of cases have nodal involvement at the time of diagnosis.

 9. A tumor located in the floor of the mouth will preferentially metastasize to which 
lymph nodes?
Tumors in the floor of the mouth, lower lip, and anterior cheek mucosa will preferentially metastasize to level I 
(submandibular) lymph nodes. Tumors from the posterior tongue, tonsil, posterior gingival, and retromolar triangle will 
metastasize to level II (upper jugular) lymph nodes.

10. Describe the goals and methods for reconstruction of tongue defects.
Restoration of tongue mobility, bulk, and sensation are the three primary goals of tongue reconstruction. The 
reconstruction is tailored to the size of the resection. T1 lesions treated with wedge excision and 1- to 2-cm margins 
may be closed primarily, skin grafted, or reconstructed with local flaps. Partial or hemiglossectomies may need to be 
reconstructed with local flaps or with free fasciocutaneous flaps (e.g., radial forearm or anterolateral thigh flap). Subtotal 
to total glossectomy cases will require free muscle or myocutaneous flaps for restoration of bulk.

11. How are palatal defects reconstructed?
Palatal island flaps, temporalis muscle flaps, lingual flaps, or fasciocutaneous free flaps serve well for reconstruction of 
palatal defects. Extensive composite defects caused by maxillectomy may require free muscle and/or bone composite 
flap transfers.

Table 61-1. TNM Classification

Tumor Node meTasTasis sTagiNg

T1: <2.0 cm N1: <3.0 cm M0: No metastasis Stage I T1N0M0

T2: 2.1–4.0 cm N2: 3.1–6.0 cm M1: + Metastasis Stage II T2N0M0

T3: >4.1 cm N3: >6.1 cm Stage III T3N0,1M0

T4: Invasive Stage IVa T4N0,1M0

Any T, N2M0

Stage IVb Any T, N3M0

Stage IVc Any T, any N, M1
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12. What is the reconstructive strategy for floor of mouth defects?
Selection of a proper method is based on the quantity of tissue removed, tongue mobility, and radiotherapy. Primary 
closure or skin grafting is adequate for defects of limited size. Skin grafts also can reconstruct larger floor of mouth 
(FOM) defects without restricting tongue mobility. Removal of the mylohyoid complex necessitates regional or free flap 
reconstruction. Reconstruction of the lingual nerve can be accomplished with innervated free flap transfers. Muscle 
flaps are used in larger-volume defects to prevent the pooling of saliva and food in this region. Composite defects that 
include bone require vascularized bone transfers in addition to volume and surface reconstruction.

13. Buccal mucosa defects should not be left to heal by secondary intention. True or false?
False. Small defects can be closed primarily or allowed to heal by secondary intention. Reconstruction of larger defects 
with skin or mucosal grafts is rapid and reliable. Temporalis muscle or fascia flaps, with or without skin grafts, can be 
used for thicker or less vascularized defects. Other regional flaps may be used for volume and surface reconstruction. 
For through-and-through cheek defects, cervical rotation advancement flaps (prior radiotherapy or neck dissection 
should be ruled out) or free fasciocutaneous flaps can be used.

14. Periosteum is always a physiologic barrier for bone involvement in alveolar ridge 
malignancies. True or false?
False. In cases of previous radiotherapy, the periosteum loses its ability to serve as a barrier for local invasion because 
irradiation alters the structural integrity of periosteum. This factor should be considered during surgical planning. Stage 
I and II malignancies can be treated with resection of the primary tumor with a marginal mandibulectomy and local 
flap coverage. Advanced cases require en bloc resection of a full-thickness mandibular segment and treatment of the 
affected neck. Mandibular reconstruction modalities are applied for reconstruction in such cases (osteocutaneous free 
flaps).

15. List the reconstructive options for oral malignancies.
In general, small defects can be reconstructed with local flaps. Larger defects (or those bound to receive radiation) will 
require a more substantial pedicled flap or a free flap.

Alternatives for surface and volume reconstruction of intraoral defects include the following:

16. Are free tissue transfers always the preferred reconstructive method?
Not necessarily. The reconstructive technique is tailored to the size and composition of the defect, the specific functional 
requirements, and whether or not the patient will receive postoperative radiation. For smaller defects, local flaps are 
sufficient and offer less morbidity. However, for larger resections (which may include a bony defect), the longer operative 
time and increased morbidity of a free flap may be justified, especially if the reconstruction will be radiated.

17. What are the reconstructive options for a composite defect that includes a missing 
bony segment?
This type of defect (which often occurs in a patient who eventually will be radiated) requires a vascularized bone graft, 
and this effectively limits the options to free tissue transfers. The fibula is the most frequently used flap because it has 
a favorable donor site, a relatively lengthy pedicle, and adequate bone length for contouring. Other options include iliac 
crest, rib, scapula, and the radial forearm flap with an included segment of the radius.

Basic approaches

Secondary healing
Primary closure

grafts

Split-thickness skin graft
Full-thickness skin graft

Local Flaps

Mucosal flaps
Lingual flaps
Palatal flaps

regional Flaps

Platysma flap
Nasolabial flaps
Temporalis muscle and fascia flaps
Forehead flaps
Posterior auricular flaps

Cervical rotation-advancement flaps
Sternocleidomastoid muscle flaps
Latissimus dorsi muscle flaps
Pectoralis major muscle flaps
Trapezius flaps

Free Flaps

Radial forearm flaps
Fibula flaps
Anterolateral thigh flaps
Lateral arm flaps
Ulnar flaps
Scapular flaps
Iliac crest flaps
Rectus abdominis muscle flaps
Groin flaps
Dorsalis pedis flaps
Jejunum flaps
Gastroomental flaps
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18. What are the advantages and disadvantages of free flap applications in oral 
reconstruction?

19. Which arteries and veins in the head and neck region are preferred as recipient 
vessels for microvascular anastomoses?
Branches of the ipsilateral external carotid system are suitable for arterial anastomoses, including the superior thyroid 
artery, lingual artery, facial artery, and superficial temporal artery. In irradiated or operated cases, contralateral neck 
vessels or the ipsilateral common carotid artery may be selected. For veins, tributaries of the superficial and deep 
jugular system are convenient.

20. Describe the elevation of the platysma flap and outline the indications  
for intraoral reconstruction.
This flap is based on the submental branch of the facial artery and raised on a subcutaneous superior muscle pedicle. 
The skin island is designed on a transverse axis distally. The pedicle area is supported by anastomoses with both labial 
arteries, the superior thyroid artery and superior labial artery. Because a motor branch of the facial nerve and sensory 
branches innervate the musculocutaneous unit, this flap can be used to give motor function to the lip and to provide 
sensation to the reconstructed area. It can be transposed 180° to reconstruct defects of the tongue and FOM. Previous 
irradiation to the neck area is the main contraindication for use of this flap.

21. What are the limitations of the temporalis muscle and fascia flaps for oral 
reconstruction?
The temporal muscle flap is based on the deep temporal vessels, whereas the temporal fascial flap is based on the 
superficial temporal vessels. Either can easily be transposed to the buccal region, palate, and lateral portions of FOM. 
The length of the pedicle precludes its use for the tongue and central portion of FOM. Flaps can be lined with skin grafts; 
however, adaptation and epithelialization of the raw surface of the flaps are satisfactory even with secondary healing. 
Muscle is included in the flap when bulk is needed. The main problems after flap transfer are temporal depression (in 
temporal muscle flap cases) and limitations of the oral aperture.

22. Can the posterior auricular flap be used for tongue reconstruction?
Yes. The posterior auricular flap can be transferred as an island or as a free flap based on the posterior auricular vessels 
for oral cavity reconstruction. Dissection of this flap is a difficult and time-consuming procedure, and the area of the 
skin island is limited. Complications due to the extensive dissection and close proximity to the facial nerve have been 
reported. However, the less visible donor site scar and the pliability of the transferred skin place this flap among the 
alternatives for intraoral reconstruction when simultaneous neck dissection is carried out.

23. Explain the extension arc of nasolabial musculocutaneous flaps.
Inferiorly based nasolabial flaps can be transferred transbuccally to reconstruct buccal defects and FOM defects of 
2.5 cm × 7.0 cm. It is essential not to include hair-bearing skin in the flap. Unlike the subcutaneous pedicle flaps, the 
muscle-incorporated flaps (nasalis, levator superioris, zygomaticus muscles) can be transposed for distances greater 
than 2 cm and undergo minimal contraction.

24. Classify the lingual flaps.
Dorsal lingual flaps. These flaps must not cross the median raphe. They are elevated at 8-mm thickness to include 

mucosa, submucosa, and superficial musculature. Posteriorly based dorsal tongue flaps can be used to reconstruct 
moderate defects of the retromolar triangle. Anteriorly based dorsal tongue flaps offer greater mobility and can be 
used to repair anterior cheek and commissure defects. Transverse dorsal tongue flaps can be used in bipedicle 
fashion to reconstruct FOM defects when the tongue is extra long.

Flaps from the Lingual Tip. Perimeter flaps and dorsoventrally based flaps may be raised.
Ventral Surface Flaps. These flaps can be used for FOM defects; however, the donor area must be skin-grafted to avoid 

limitation in tongue mobility.

advantages

Superior wound healing
Better functional and aesthetic outcome
Higher quality of life
Shorter hospitalization
Use of neurotized flaps
One-stage, immediate reconstruction
Suitable for simultaneous two-team approach
Ability to restore composite defects
Fewer complications in irradiated patients

disadvantages

Require microsurgical skill
Longer operation time (risk of anesthesia in 

 debilitated and older patients)
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25. What is the role of palatal flaps in oral reconstruction?
Total palatal mucoperiosteal tissue (up to 24 cm2) can be raised on a single greater palatine artery. This flap can be 
transposed to cover neighboring defects of the buccal mucosa, retromolar triangle, tonsillar region, and soft palate. The 
donor area is left to granulate. The palatal mucosa is not pliable, and caution must be taken to avoid pedicle torsion. As 
with other local flaps, previous irradiation to the oral cavity precludes the use of palatal flaps.

26. What are the drawbacks of the forehead flap?
The major drawback is that this is a pedicled flap that requires at least one additional operation to divide its pedicle. 
Before pedicle division, the tubed pedicle is conspicuous and unaesthetic. The donor site ultimately heals remarkably 
well if portions are left to close secondarily but likely will heal unaesthetically if skin-grafted.

27. When should the latissimus dorsi muscle and musculocutaneous flaps be used?
The latissimus dorsi muscle or musculocutaneous flaps can be used to cover extensive defects of the oral cavity, 
especially when volume reconstruction is needed and/or recipient bed conditions are poor. When both internal and 
external linings are required, this flap can be used with one side grafted or with separate skin islands.

28. What are the limitations of the pectoralis major muscle and musculocutaneous 
flaps?
 • Donor site scar is not aesthetic (unacceptable in female patients).
 • Pedicle produces bulk in the subcutaneous tunnel.
 • Hair-bearing skin is a disadvantage for intraoral reconstruction.
 • Too much bulk may cause problems in tongue and FOM reconstruction.
 • Dissection is carried out over a large area.
 • The close proximity to the recipient site prevents a simultaneous two-team approach.

29. Can the sternocleidomastoid musculocutaneous flap be raised over an inferior 
pedicle?
Yes. The skin island can be outlined over the inframastoid area and the flap based on an inferior blood supply; however, 
it usually requires sacrifice of the eleventh nerve. The sternocleidomastoid has three blood supplies (superior, middle, 
and inferior); the flap is more frequently raised on the superior pedicle with a distally placed skin island over the 
supraclavicular area. In functional neck dissection cases, this flap can be used for intraoral reconstruction.

30. Describe the variants of the trapezius muscle and musculocutaneous flaps for 
intraoral reconstruction.
The trapezius musculocutaneous flap can be elevated along the descending portion of the transverse cervical artery 
with a vertical skin island or in a transverse direction, mobilizing the upper portion of the muscle on the transverse 
cervical artery. The flap is elevated only with the portion of the muscle necessary to incorporate the pedicle area and 
provide a base with the skin paddle.

31. What is the first-line choice in free flap reconstruction for tongue and FOM defects?
The radial forearm fasciocutaneous flap.

32. What are the advantages of the radial forearm flap for intraoral reconstruction?
 • Thin pliable skin is suitable for intraoral lining.
 • Distant donor area enables a two-team approach.
 • Reliable and constant pedicle and internal vascular architecture provide satisfactory flap circulation; pedicle is of 
adequate length for almost all applications.

 • Incorporation of cutaneous nerves serves to restore sensation to the reconstructed area.
 • Lack of bulkiness avoids limitation of tongue mobility for tongue and FOM reconstruction.
 • Versatility of the skin island–pedicle alignment facilitates comfortable anastomoses.
 • Brachioradialis muscle can be included with the flap when additional bulk is needed.
 • A partial-thickness segment of radius can be harvested within the flap for bone and soft tissue reconstruction.

33. What are the advantages and disadvantages of the jejunum free flap for intraoral 
reconstruction?
Advantages: It is best for correction or prevention of xerostomia in irradiated patients. It retains secretory ability. Use of 

bowel components to provide coverage and bulk as well as lining is possible. Jejunal reconstruction of tongue and 
FOM defects allows full range of motion of the tongue. The vascular pedicle is reliable and suitable for microsurgical 
anastomoses. The flap can be harvested endoscopically. Reconstruction is a one-stage procedure.

Disadvantages: The intraabdominal procedure carries the associated donor site risks. Hypersecretion and extreme 
mobility of the flap lining are other drawbacks.
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34. Describe the vascular anatomy and harvest of the jejunum flap.
An arcade formed by branches of the superior mesenteric artery supplies the jejunum. Each branch (usually larger than 
1.5 mm in diameter) can support a segment of jejunum up to 24 cm long. Usually a segment of proximal jejunum (within 
the first 2 feet) is used for reconstruction.

After the ligament of Treitz is identified through a left upper quadrant transverse incision, a suitable proximal segment is 
located. The vascular pedicle is dissected toward its superior mesenteric origin. All other anastomosing vessels are tied 
off, leaving the pedicle as the only blood supply to the flap. Next, the proximal and distal ends of the jejunal segment 
are divided, usually with a stapling device. Once the viability of the flap is assessed, the vascular pedicle is divided 
close to its origin, and the flap is transferred. The tubular flap can be converted to a flat flap by opening it through its 
antimesenteric border longitudinally. Bowel continuity in the donor site is reestablished.

35. Evaluate the lateral arm flap for tongue reconstruction.
The lateral arm flap provides soft, supple, mobile, innervated tissue of 12 cm × 18 cm for tongue and FOM 
reconstruction. It receives its blood supply from the radial collateral artery (1.2 mm in diameter). The lateral brachial 
cutaneous nerve can be transferred within the flap to reconstruct the lingual nerve. This flap possesses similar 
advantages to the radial forearm flap; however, the pedicle is shorter, the diameter of the vessels is smaller, the course 
of the vascular pedicle may vary, and the pedicle enters the middle of the flap under most harvest circumstances. The 
donor site for the lateral arm flap is more forgiving than is the radial forearm flap because it does not have the potential 
for tendon exposure.

36. What is the role of the laser in oral cavity cancer?
Transoral laser resection of oral cavity carcinomas is widely used in the absence of nodal involvement. The surface is 
left to granulate, and satisfactory epithelialization is observed. Low morbidity and successful control of the disease have 
supported the use of laser resection in combination with staged neck dissection in advanced cases when mandibular or 
deep visceral involvement is ruled out.
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Mandible ReconstRuction

 1. Who was Andy Gump?
Caricaturized in the 1930s, Andy Gump was a real-life person with head and neck cancer who had an unreconstructed 
resection of the anterior mandible. A statue in his memory stands in Lake Geneva, Wisconsin.

 2. Describe the functional deficits associated with the Andy Gump deformity.
The Andy Gump deformity results from loss of height, width, and projection of the lower third of the face due to 
resection of the anterior mandibular arch with anterior and medial deviation of the lateral mandibular segments 
by the residual mylohyoid muscles and superior displacement by the medial pterygoid, masseter, and temporalis 
muscles. Loss of the anterior mandible results in impairment of oral competence, speech, deglutition (swallowing), and 
mastication. Loss of support for the hypomandibular complex contributes to aspiration, dysphagia, oral incompetence, 
and difficulty with mastication.

 3. What functional deficits are associated with lateral mandibulectomy?
Loss of continuity in the lateral and posterior segments is far less severe than with central defects. Lateral 
mandibulectomy defects result in cheek contour deformity with deviation of the symphysis from the midline when 
the mouth is open. Upward and lateral displacement of the mandibular remnants results from uninhibited pull of the 
opposite intact muscles of mastication and scar contracture on the resected side. This displacement creates difficulty 
with bimaxillary relationships and occlusion.

 4. What are the main goals and considerations in mandibular reconstruction?
 • Primary wound healing
 • Early functional oral rehabilitation
 • Restoration of aesthetics
 • Restoration of the patient’s body image

 5. What are the advantages of immediate mandibular reconstruction?
Immediate reconstruction provides the best opportunity to achieve optimal aesthetic and functional outcome after loss 
of the mandible. Delayed reconstruction, on the other hand, is associated with deformity and functional deficits as the 
resected ends of the mandible become tethered by soft tissue scarring, fibrosis, and contracture and often cannot be 
fully corrected.

 6. How do you manage a patient with a shotgun wound to the face?
 • Airway, breathing, circulation: ABCs of resuscitation
 • Tracheostomy: Often necessary to secure an airway
 • Serial débridements of devitalized soft tissue and bone
 • Temporary stabilization of the mandibular fragments with rigid plate(s) or external fixation
 • Definitive composite reconstruction when the patient’s overall status permits

 7. What are conventional techniques for mandibular reconstruction?
 • Free bone grafts
 • Alloplastic materials (metallic implants, metal or Dacron trays packed with cancellous bone)
 • Freeze-dried, autoclaved, or irradiated bone allografts
 • Pedicled flaps

These techniques have poor or, at best, unpredictable results due to variability of the traumatized, irradiated, or 
avascular recipient beds. Reconstructions often require multiple-stage procedures with long hospitalizations; patients 
often succumb before completion of the reconstruction.
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 8. What are the indications for a no-bone reconstruction?
 • Poor surgical candidates
 • Short life expectancy
 • Edentulous patients with only small posterior mandibulectomy defects

 9. What is the role of nonvascularized bone grafts?
 • Limited to small lateral defects (<5 cm) in patients with excellent soft tissue coverage who have not received and will 
not receive radiation

 • Condylar reconstruction in children

 10. What are the advantages of reconstruction plates, with or without soft tissue 
reconstruction?
 • Ease of application
 • Rigid fixation
 • Lack of donor site morbidity
 • Reduced operative time
 • Condylar replacement
 • Reconstruction of extensive bony defects in elderly and infirm patients

Best indicated in patients with poor prognosis, lateral defects, and good soft tissue coverage who have not received and 
will not receive radiation.

 11. What are the disadvantages of reconstruction plates, with or without soft tissue 
reconstruction?
 • Lack of long-term reliability
 • Stress on mandibular fragments may cause screw loosening, plate fatigue, and fracture
 • Inadequate soft tissue coverage or radiated tissues result in plate extrusion in many anterior reconstructions
 • No bone stock for osseointegrated dental implants

12. What are the advantages of the radial forearm osteocutaneous flap?
 • Up to 14 cm of straight unicortical bone
 • Multiple osteotomies may create an anterior mandible or hemimandible
 • Thin, pliable, abundant, relatively hairless skin
 • Excellent intraoral lining; conforms well to sulci and prevents tethering of tongue
 • Can be split into separate skin paddles for intraoral mucosal lining and external skin coverage
 • Flexibility in three-dimensional orientation of bone and skin paddle(s)
 • Possible reinnervation by coaptation of lateral or medial antebrachial cutaneous nerves with lingual, mental, or great 
auricular nerves may facilitate oral rehabilitation

 • Long pedicle, large-caliber vessels, dual venous drainage

13. What are the disadvantages of the radial forearm osteocutaneous flap?
 • Donor radius fracture
 • Skin graft loss with tendon exposure
 • Displeasing appearance of donor site
 • Prolonged extremity immobilization
 • Osseointegration not possible

14. What are the major reasons for donor radius fracture?
 • Harvesting an excessive amount of bone
 • Perpendicular osteotomies with cross-cutting of the radius, which further weakens it
 • Inadequate length of postoperative immobilization of arm
 • Failure to prevent pronation and supination by application of a long-arm cast

15. How can donor radius fracture be prevented?
The radial forearm osteocutaneous flap has received a bad reputation because of donor radius fracture. This 
complication can be prevented by avoiding the problems cited above as well as by a modification of the standard 
technique in which the radius is harvested as a keel-shaped segment of bone. Early series reported incidences of 
fracture ranging from 10% to 67%. However, two series by Weinzweig et al. and Swanson et al. demonstrated a 
combined fracture incidence of only 2.9% (1/34). The solitary fracture perhaps was preventable.
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 16. What are the advantages of the iliac crest osteocutaneous flap?
 • Up to 14 cm of thick corticocancellous bone
 • Natural bone curvature (its unique shape resembles a hemimandible)
 • Best bone stock for osseointegration

 17. What are the disadvantages of the iliac crest osteocutaneous flap?
 • Soft tissue too bulky for intraoral lining unless glossectomy is performed
 • Poor tissue for intraoral, chin, and submental contour
 • Least degree of three-dimensional flexibility of skin and bone
 • Skin reliability is unpredictable
 • Delayed ambulation and gait disturbances
 • Contour deformity at donor site, especially when a large amount of bone is harvested
 • Abdominal wall weakness or herniation
 • Injury to lateral femoral cutaneous nerve

Modifications include use of the internal oblique muscle and skin graft for intraoral lining and split inner cortex bone harvest.

 18. What are the advantages of the scapular osteocutaneous flap?
 • Up to 14 cm of straight lateral scapular bone
 • Independently vascularized bone and skin paddle(s)
 • Greatest three-dimensional flexibility
 • Good external skin coverage
 • Osseointegration possible
 • Minimal donor site morbidity

 19. What are the disadvantages of the scapular osteocutaneous flap?
 • Bulky soft tissue for intraoral lining
 • Osteotomies can devascularize bone segments
 • Two-team approach not facilitated
 • Seroma formation

 20. What are the advantages of the fibular osteocutaneous flap?
 • Up to 25 cm of straight bicortical bone, by far the largest amount of bone
 • Multiple osteotomies
 • Osseointegration possible
 • Minimal donor site morbidity

 21. What are the disadvantages of the fibular osteocutaneous flap?
 • Unreliability of skin paddle (no longer a problem)
 • Limited amount of skin available
 • Objectionable appearance of skin-grafted donor site
 • Delayed ambulation
 • Neurapraxia

 22. Compare the common vascularized composite tissue transfers and donor sites for 
oromandibular reconstruction.
See Tables 62-1 and 62-2.

 23. Provide algorithms for microvascular mandibular reconstruction.
See Figures 62-1 and 62-2.

 24. Is there a role for sequential free flaps?
Sequential or simultaneous free flaps combine the best qualities of bone and soft tissue of the individual flaps; however, 
they prolong operative time, add complexity to the case, and increase donor morbidity. Their role, if any, is limited to 
extensive bone and soft tissue defects not satisfactorily reconstructed by a single flap.

 25. What is the role of dental rehabilitation by osseointegration?
Dental rehabilitation by osseointegration achieves the ideal end-goal in mandibular reconstruction, maximizing aesthetic 
and functional outcome. Unfortunately, few patients are candidates for osseointegration, and even fewer actually 
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Table 62-1. Comparison of Common Vascularized Composite Tissue Transfers  
for Oromandibular Reconstruction

Bone SofT TiSSue

Donor 
SiTe

LengTh 
(CM)

QuALiTY QuALiTY reLiABiLiTY hArveST MorBiDiTY PeDiCLe

Fibula 25 Excellent Skin/muscle, 
excellent, 
potentially 
sensate

Good A, B Minimal Peroneal 
artery, up 
to 15 cm

Scapula 14 Good Skin/muscle, 
good, not 
sensate

Excellent D Moderate Subscapular 
artery, up 
to 10 cm

Iliac crest 14 Excellent Skin/muscle, 
fair, not 
sensate

Good A, C Moderate to 
severe

Deep 
circumflex 
iliac artery, 
5–6 cm

Radial 
forearm

10 Poor Skin, 
excellent, 
potentially 
sensate

Excellent A, B Moderate to 
severe

Radial artery, 
up to 
15 cm

A, Two-team approach; B, easy; C, intermediate; D, more difficult.

Table 62-2. Comparison of Free Flap Donor Sites for Mandible Reconstruction

TiSSue ChArACTeriSTiCS Donor SiTe ChArACTeriSTiCS

Donor SiTe Bone Skin PeDiCLe LoCATion MorBiDiTY

Fibula A C B A A

Ilium B D D B C

Scapula C B C D B

Radius D A A C D

A, Excellent; B, good; C, fair; D, poor.

Bone

Less than
7 cm

Up to
25 cm

Up to
14 cm

Postop rads

Dentition?

Cost?

Prognosis?

Osseo-Integration

Fibula
2nd

Metatarsal
Iliac CrestRadius Scapula

Figure 62-1. Algorithm for mandibular reconstruction: Bone component.
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Soft Tissue

Fibula

2nd Metatarsal

Iliac crest

ExternalIntra-Oral
Scapular

Scapular

Radial forearm

“Split” skin

paddles

Indep vasc

paddles

Thin

Bulky

Bulky
Poor 3-D

Thin

Thin

Very bulky
Poor 3-D

Thin but limited size
Signif donor morbidity

Radial forearm

Figure 62-2. Algorithm for mandibular reconstruction: Soft tissue component.

undergo the procedure. Justifying this approach is difficult; it requires several stages over 6 to 9 months in patients 
with advanced intraoral malignancies who have poor prognoses (approximately 50% of such patients die within 
1.5 to 2 years). Moreover, many patients were edentulous or had poor dentition before tumor ablation. In addition, the 
significant cost associated with this procedure may not be covered by many insurance companies. Finally, the fate of 
osseointegrated implants in the face of postoperative radiation is uncertain.

26. What are important considerations in reconstruction (or construction) of the 
pediatric mandible?
The pediatric mandible is dynamic, constantly changing with growth and development. Reconstructive options are based 
on the higher osteogenic potential, the tremendous capacity of the temporomandibular joint (TMJ) for remodeling, and 
the implicit requirement for growth. The mandibular body and parasymphysis are filled with developing tooth buds. 
One must consider not only the three-dimensional problems of aesthetics and occlusion but also the fourth dimension 
of time. Techniques include conventional bone and cartilage grafting, orthognathic surgery, distraction osteogenesis, 
and microvascular free tissue transfer, alone or in combination. Because of these factors, the diversity of reconstructive 
options in pediatric cases is greater than in adult cases.

27. Name three primary indications for mandibular reconstruction in the child.
 • Posttraumatic: Management of significant fractures with bone loss and treatment of their sequelae of growth 
disturbances and TMJ ankylosis

 • Congenital: Hypoplasia associated with oculoauricular vertebral syndrome, including hemifacial microsomia and 
craniofacial microsomia

 • Tumor: After resection of facial tumors or radiation therapy for orbitofacial tumors
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Scalp ReconStRuction

 1. What are the common causes of scalp defects?
Scalp defects may result from trauma, tumor excision, or tissue necrosis due to burns or radiation therapy.

 2. What are the five anatomic layers of the scalp?
 • S = Skin. Scalp skin is considered the thickest skin in the body and can be used as a donor site for split-thickness 
skin grafts.

 • C = Subcutaneous tissue, which contains hair follicles and sweat and sebaceous glands, blood vessels, lymphatics, 
and nerves.

 • A = Aponeurosis (galea aponeurotica or epicranium), which connects the frontalis muscle with the occipitalis muscle. 
Laterally the galea becomes the temporoparietal fascia (superficial temporal fascia).

 • L = Loose connective tissue, which allows the scalp to be mobile on the cranium. It also creates a point of separation 
during traumatic scalp injuries and is the site where abscesses tend to occur after scalp closures.

 • P = Pericranium, which invests the skull bone by Sharpey fibers.

Scalp avulsion injuries occur at the level of the loose areolar tissue. The scalp is defined as the anatomic area overlying 
the skull between the superior orbital rims anteriorly and the superior nuchal line posteriorly (Fig. 63-1).

 3. What is the arterial supply of the scalp?
The scalp is endowed with an extensive circulatory network. Anteriorly, it is supplied by the supraorbital and 
supratrochlear arteries, which are end vessels of the ophthalmic artery arising from the internal carotid. Laterally, 
it is supplied by the superficial temporal artery (which divides into the frontal and parietal arteries), a branch of the 
external carotid, supplying the temporal, parietal, and frontal regions. Posteriorly, it is supplied by two lateral and two 
medial branches of the occipital artery, a branch of the external carotid. The postauricular artery, also a branch of the 
external carotid, supplies the posterolateral scalp. The pericranium is supplied by the middle meningeal artery and the 
intracranial circulation to the calvarial bone.

 4. What is the sensory nerve supply of the scalp?
Sensory nerves lie in the superficial fascia: supratrochlear nerve (V1), supraorbital nerve (V1), zygomaticotemporal 
nerve (V2), auriculotemporal nerve (V3), greater occipital nerve (dorsal rami of C2), and occipital nerve (C3 from cervical 
plexus).

 5. How many fascial layers can be found in the temporoparietal region of the scalp? 
Describe the relationship of the frontal branch of the facial nerve to these fascial 
layers.
There are four distinct fascial layers in the temporoparietal region. The most superfical fascial layer is the 
temporoparietal fascia or superficial temporal fascia, a lateral extension of the galea that is difficult to dissect from 
the overlying skin. Deep to the superficial temporal fascia is the subgaleal fascia, a layer that is well developed and 
easily dissected. The subgaleal fascia contains the superficial temporal artery and the frontal branch of the facial 
nerve. Beneath the subgaleal fascia lies the superficial temporal fat pad. Under the temporal fat pad lies the deep 
temporal fascia.

 6. Describe the course of the deep temporal fascia.
The deep temporal fascia is a thick fascial layer overlying the temporalis muscle. Superiorly, it fuses with the 
pericranium. Inferiorly, at the level of the superior orbital margin, it splits into two layers. The superficial layer attaches 
to the lateral border of the zygomatic arch; the deep layer fuses with the medial aspect of the arch. There is a small 
amount of fat between these layers. Dissection in this layer allows reflection of the coronal flap without injury to the 
frontal branch of the facial nerve as it passes over the zygomatic arch (Fig. 63-2).



423HEAD AND NECK RECONSTRUCTION

A

B

C

D

E

F

G

H

I

Figure 63-2. Cross-section of the temporal region at the level 
of the zygomatic arch showing the relationship of the frontal 
branch of the facial nerve to superficial and deep temporal fascia. 
A, Temporoparietal fascia; B, deep temporal fascia splitting at 
the line of fusion; C, superficial temporal fat pad; D, temporalis 
muscle; E, frontal branch of the facial nerve; F, zygomatic 
arch; G, deep temporal fat pad from the buccal fat; H, parotid-
masseteric fascia; I, masseter muscle. (From Mathes S [ed]: 
Plastic Surgery, 2nd ed., Philadelphia, Saunders, 2006.)

 7. What factors affect the selection of a scalp reconstruction method?
 • Replace like tissue with like tissue. The scalp should be reconstructed with hair-bearing skin whenever possible.
 • Wound repair depends on location, size, and depth of the wound.
 • Careful preoperative and intraoperative planning.
 • Wounds without tissue loss, no matter how long after injury, can be closed by direct approximation.
 • Overzealous débridement is unnecessary because the robust circulation often allows salvage of the tissues.
 • In large defects, skin grafting, scalp flaps, and non–scalp flap transfer from a regional or distant site come into play.

 8. What are the principles of the management of acute scalp wounds?
 • The goal is to obtain a healed wound while preventing desiccation, infection, and bone necrosis.
 • Wounds with vascularized tissue covering the bone, such as the pericranium, can be covered by skin grafts.
 • Keep the tissues moist in every acute situation.
 • If all layers are absent and the calvarial bone is exposed, immediate coverage must be provided by either local flaps 
or distant flaps.

 • If the tissue defect also involves the bone, vascularized soft tissue coverage must be provided. Bone can be replaced 
at the same time or at a later date.

 9. What are Hatchet, Worthen, and Orticochea flaps?
A Hatchet flap is a V-Y advancement flap, in which bilateral triangles are raised on subcutaneous pedicles and skin 
pedicles are rotated medially. A Worthen flap is a rotational flap of the entire forehead elevated below the frontalis 
muscle. It allows coverage of massive defects, although distortion of the eyebrows and hairline may result. Orticochea 
flaps, or “banana peel flaps,” were originally described as four large flaps based on named vessels, allowing coverage 
of defects involving 30% of the scalp. Orticochea modified the technique to rely on three flaps, two based off the 
superficial temporal vessels.
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Figure 63-1. Anatomy of the scalp and cranium: 1, 
Epidermis; 2, dermis; 3, subcutaneous fat; 4, fibrous septa; 
5, galea aponeurotica; 6, subgaleal tissue; 7, pericranium; 
8, calvaria. (From Mathes S [ed]: Plastic Surgery, 2nd ed., 
Philadelphia, Saunders, 2006.)
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 10. Describe the anatomy and uses of the temporalis myofascial flap.
The temporalis myofascial flap is composed of the temporalis muscle and the deep temporal fascia. It is primarily 
supplied by the deep temporal artery, which is a branch of the external carotid. It runs posterior and medial to the 
mandibular ramus and inserts into the medial and inferior margin of the temporalis. It is used in patients with chronic 
derangement of the temporomandibular joint who have continued dysfunction despite conservative treatment. It is used 
to reconstruct the articular disc. The superficial temporal artery is not part of this flap.

 11. What is aplasia cutis congenita?
Aplasia cutis congenita is a congenital disorder of unknown etiology characterized by a scalp defect most 
commonly in the midline of the vertex. It may be associated with a skull defect and/or exposure of the dura or 
the brain. Most defects are less than 2 cm, and spontaneous resolution frequently occurs. Treatment consists 
of dressing changes and is aimed at prevention of infection. For larger defects and/or exposed dura, complex 
reconstruction is required.

Patients may exhibit chromosomal disorders and familial inheritance. It can be associated with hydrocephalus, 
myelomeningocele, and cleft lip and palate. Twenty-five percent of patients have more than one affected area.

 12. What are the indications and advantages of using a skin graft for coverage  
of scalp wounds?
A skin graft is an option for partial-thickness wounds. The recipient bed must be well vascularized and free of infection. 
Split-thickness skin grafts provide a simple, fast, and economic way to obtain reliable wound healing. Grafts are not 
commonly meshed for cosmetic purposes and to provide greater shearing resistance. In some situations, the calvarial 
bone can be drilled on the outer cortex of the bone and decorticated to allow granulated tissue growth to facilitate skin 
graft take.

13. Can a skin graft be used to cover decorticated outer table skull?
Yes. Two to three days after decortication of the outer table of the skull, a skin graft remains an option in special 
circumstances. This method provides an epithelial cover for the skull. The procedure is most useful as a temporary 
measure before definitive scalp reconstruction (e.g., by tissue expansion).

14. How do you manage scalp wounds after radiation therapy or tumor resection?
The presence of multiple scalp incisions makes the use of scalp tissues somewhat problematic. Previous radiation 
therapy complicates the situation because of its deleterious effect on local tissue blood supply. When it is important to 
protect the bone or underlying brain tissue, you must provide soft tissue coverage with an independent and robust blood 
supply. This task often requires transfer of a regional flap or the microvascular transfer of a free flap.

15. Do periosteal flaps have any role in scalp reconstruction?
When bone is exposed, skin graft coverage may not be possible. Local pericranial flaps may be used in such cases for 
bone coverage, thus providing the vascularized bed necessary for skin graft take.

16. What is the major indication for use of regional or distant flaps for scalp 
reconstruction?
Large defects involving greater than 30% of the scalp that must be closed acutely and cannot be reconstructed 
with a skin graft or local flap. This situation is seen most commonly after full-thickness excision of a scalp 
tumor.

17. What are the indications for the use of free flaps for scalp reconstruction?
Free tissue transfer should be reserved for patients for whom reconstruction by conventional pedicle flap is not 
feasible. Free flaps are becoming increasingly used in the acute coverage of large defects after burns, radiation, and, 
occasionally, full-thickness excision of large tumors. In most cases, however, a carefully planned local transposition or 
rotation flap may be equally effective.

18. What are the advantages of free flaps?
Microvascular free tissue transfer allows one-stage coverage of large defects with exposed bone or underlying 
brain tissue.

19. What are the most commonly used free flaps for scalp reconstruction?
 • Omental flaps
 • Latissimus dorsi muscle flaps followed by split-thickness skin grafts
 • Radial forearm flaps
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20. What makes a radial forearm flap an ideal free flap for the scalp?
The radial forearm flap is a versatile flap for the reconstructive surgeon because of its thinness, durable skin quality, 
aesthetic match, and relative ease of dissection. It provides a reliable single-stage method to cover difficult scalp defects 
when other local methods are unsuitable. One of the drawbacks is its relatively small size. Preexpansion of the radial 
forearm flap can be used to cover a large scalp defect. In addition, the radial forearm flap is relatively non–hair bearing.

21. What are the disadvantages of free flaps for scalp reconstruction?
The flaps often are bulky and do not provide hair-bearing tissue for reconstruction. Technical difficulties and donor site 
problems associated with microsurgical tissue transfer are other drawbacks.

22. What are the available options for reconstruction of scalp bony defects?
 • Cranial bone graft, which is available in the same operative field
 • Split rib graft
 • Cancellous bone graft from a distant bone site
 • Alloplastic materials, such as methyl methacrylate

23. What is the role of tissue expansion in scalp reconstruction?
Tissue expansion has become the preferred method of secondary scalp reconstruction. It offers the reconstructive surgeon 
a better option than the conventional methods of skin grafts or transfer of non–hair-bearing, regional, or microvascular flaps 
for reconstruction of large defects that cannot be repaired with adjacent hair-bearing flaps. Reconstruction of large scalp 
defects depends on the ability to cover them with hair-bearing tissue. When the area of alopecia is large, the normal scalp 
is not sufficient to cover the defect resulting from excision of alopecia. Using tissue expansion techniques, large wounds 
(up to 50% of the scalp can be reconstructed) can be totally resurfaced while normal hair growth is maintained. Expansion 
should be continued until the expanded flap is approximately 20% larger than the size of the defect.

24. What is the major drawback of tissue expanders?
The main disadvantage of tissue expansion is the long duration of treatment (2 to 3 months), the need for two or more 
operations, and the visual deformity of the expanded site. Complication rates are 6% to 25%. Hair thinning is a concern 
when hair density decreases by 50%.

25. What is the main concern in the use of scalp tissue expansion in children?
There is a risk of skull deformation after a prolonged period of expansion. Little is known about the long-term effects on 
the skull and the ability of the skull to remodel after removal of the expander. The skull will return to normal by 2 to 18 
months. The inner table is not affected by the tissue expanders.

26. What are the potential complications of scalp tissue expansion?
Infection, exposure of the expander, extrusion, device failure, and skin necrosis from overzealous expansion.

27. What are the advantages of an expanded free scalp flap?
Expansion of a large free scalp flap before transfer allows direct closure of the flap donor site, thereby avoiding the need 
for a skin graft or local flap to close the donor site.

28. What is the role of scalp replantation?
Scalp replantation is the treatment of choice in complete or near-complete scalp avulsions. The plane of avulsion is 
in the loose areolar tissue. Microvascular anastomosis should be outside the zone of injury. Up to 18 hours of cold 
ischemia is tolerated; arterial anastomosis should be done first if warm ischemia time is more than 10 hours.

29. Is there a role for biomaterials in scalp reconstruction?
Recently, bioengineered dermal matrix (Integra) has been used as a dermal regeneration matrix for large full-thickness 
scalp defects in both oncologic and burn applications. It offers the advantage of avoiding free tissue transfer, may 
yield better outcomes when exposed to post-operative radiation, and following micrograft hair transplantation has the 
potential for a better aesthetic match than the normal scalp.
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Surgical anatomy of the facial nerve

 1. From which foramen does the main trunk of the facial nerve exit the skull,  
and what type of fibers does it contain?
The main trunk of the facial nerve leaves the skull from the stylomastoid foramen, and at this point it contains only 
motor and sensory fibers; its parasympathetic fibers leave the cranial fossa along with other cranial nerves.

 2. How do you locate the main trunk of the facial nerve during a parotidectomy?
As the facial nerve trunk travels from the stylomastoid foramen to the parotid body, it passes anterior to the posterior 
belly of the digastric muscle, lateral to styloid process and the external carotid artery, and posterior to the facial vein. At 
the beginning of a parotidectomy, start by mobilizing the tail of the parotid superiorly and retracting the anterior border 
of the sternocleidomastoid laterally to identify the posterior belly of the digastric muscle. Follow this muscle superiorly 
toward its insertion at the mastoid tip. After bluntly separating the parotid from its attachment to the cartilage of the 
external auditory canal, the tragal pointer comes into view. The facial nerve trunk lies approximately 1 cm deep and 
slightly anteroinferior to the tragal pointer.

 3. “Great nerves travel together.” How does this apply to the relationship of the 
facial nerve to other cranial nerves?
1. Facial nerve accompanies the acoustic nerve (CN VIII) as they leave the cranial fossa via the internal acoustic 

meatus.
2. Facial nerve’s parasympathetic fibers travel with the trigeminal nerve (CN V).

A. V1: Lacrimal nerve to lacrimal gland
B. V2: Pterygopalatine nerve to nasal and palatal glands
C. V3: Lingual nerve via chorda tympani to taste buds of anterior two thirds of the tongue, and submandibular and 

sublingual glands
3. Facial nerve’s sensory fibers travel with the auricular branch of the vagus nerve (CN X) to provide sensation to the 

external auditory meatus.

 4. Does the facial nerve innervate the posterior or the anterior belly of the  
digastric muscle?
The facial nerve innervates the posterior belly of the digastric muscle; the trigeminal nerve innervates its anterior belly.

 5. What muscle does the facial nerve innervate in the middle ear, and what does it do?
The facial nerve innervates the stapedius muscle, which dampens loud noise.

 6. Which brachial cleft arch does the facial nerve arise from? Which brachial cleft arch 
does the trigeminal nerve arise from?
The first brachial cleft arch gives rise to the trigeminal nerve; the second arch gives rise to the facial nerve.

 7. What are the major branches of the facial nerve before and after it enters the parotid?
The facial nerve trunk has six major branches: temporal, zygomatic, buccal, mandibular, cervical, and auricular.  
The auricular branch comes off before the facial nerve turns into the parotid body. It innervates the superior auricular, 
posterior auricular, and occipitalis muscles, as well as providing sensation to the area behind the ear lobe. Within the 
parotid, the facial nerve divides into two main divisions, the temporofacial and the cervicofacial, which further divide into 
the temporal, zygomatic, buccal, mandibular, and cervical branches.

 8. What is the relationship of the facial nerve to the superficial musculoaponeurotic 
system?
As the facial nerve branches leave the parotid body they are covered by a very thin layer of parotideomasseteric fascia. 
The superficial musculoaponeurotic system (SMAS) is located superficial to this layer.
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 9. What is Bell’s palsy?
Bell’s palsy is paralysis of the facial nerve. It was first described by Charles Bell in 1814 after he noted the features of 
facial paralysis in a laboratory monkey with a transected facial nerve. More than 75 different etiologic factors for Bell’s 
palsy have been identified, including (1) congenital (Möbius syndrome), (2) traumatic (iatrogenic laceration, fractures, 
gunshot wound), (3) neoplastic (tumor of parotid, central nervous system, head, neck), (4) neurologic (cerebral vascular 
accident, degenerative), (5) infectious (bacterial, viral), (6) metabolic, and (7) idiopathic. The specific findings in facial 
paralysis depend on the level of the lesion, which are summarized in Table 64-1.

10. Do the facial muscles of expression receive their innervation  
along their superficial or deep surface?
It depends. Facial muscles such as the mentalis, levator angularis superioris, and buccinator are located deep within the 
facial soft tissue. Because these muscles lie deep to the plane of the facial nerve, they receive their innervation along 
their superficial surfaces and may be damaged during rhytidectomy if the dissection is carried out superficially. On the 
other hand, all other facial muscles of expression are located superficial to the plane of the facial nerve and thus receive 
their innervation along their deep or posterior surfaces. For example, the platysma, orbicularis oculi, and zygomaticus 
major and minor are situated superficial to the level of the facial nerve; therefore during rhytidectomy the dissection 
should be performed superficial to the surface of these muscles to avoid their denervation.

11. What is the course of the frontal branch of the facial nerve?
The frontal branch of the facial nerve travels approximately along a line from 0.5 cm below the tragus to 1.5 cm above 
the lateral end of the eyebrow.

12. What is the relationship of the frontal branch of the facial nerve to the SMAS and 
temporoparietal fascia?
Temporoparietal fascia is the extension of the SMAS superior to the zygomatic arch. Inferior to the zygomatic arch 
the frontal branch of the facial nerve travels deep to the SMAS. As it crosses over the zygomatic arch it becomes very 
superficial. At this point it is sandwiched between the periosteum (extension of the deep temporal fascia) and the 
temporoparietal fascia (extension of the SMAS). Superior to the zygomatic arch, the frontal branch of the facial nerve 
travels within or on the undersurface of the temporoparietal fascia and superficial to the superficial layer of the deep 
temporal fascia.

Table 64-1. Findings in Facial Paralysis

LeveL of Injury ParaLysIs sIgns/symPToms TesT

Extracranial Muscles of facial 
expression

Inability to close eyes
Lower lid laxity/ectropion
Eyebrow ptosis
Asymmetric facial animation
Oral sphincter 

incompetence/drooling

Facial movement
Electrodiagnostic tests

Tympanomastoid Chorda tympani:

A. Taste fibers

B. Parasympathetic 
innervation to 
sublingual and 
submandibular 
glands

Stapedius muscle

A. Loss of taste in anterior 
two thirds of tongue

B. Dry mouth 
 
 
 

Hyperacoustic sounds

Bitter taste test

Salivary test

Stapedial reflex

Geniculate 
ganglion/greater 
petrosal nerve

Lacrimal nerve
Parasympathetic to 

nasal and palatal 
secretory glands

Dry eye
Dry nose

Schirmer test

Internal CN VII + CN VIII + Loss of hearing Audiology

Auditory canal + Loss of balance Electronystagmogram

Central nervous 
system

Supranuclear
Nuclear
Infranuclear/

cerebellopontine angle

All of the above (unilateral 
upper motor neuron lesion 
does not affect muscle 
function of forehead or eyes)

Central neurologic 
examination

CN, Cranial nerve.
From Seckel BR: Facial Danger Zones: Avoiding Nerve Injury in Facial Plastic Surgery. St. Louis, Quality Medical Publishing, 1994.
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Figure 64-1. External topographic outlines of the seven facial 
danger zones. (From Seckel BR: Facial Danger Zones: Avoiding 
Nerve Injury in Facial Plastic Surgery. St. Louis, Quality Medical 
Publishing, 1994.)

facIaL 
Danger 
Zones mIDPoInT LocaTIon nerve

reLaTIonshIP 
To smas sIgn of Injury

1 6.5 cm below the external 
auditory canal

Great auricular nerve Beneath Numbness of inferior 
two thirds of ear

2 Below a line drawn from 
0.5 cm below tragus  
to 2.0 cm above  
lateral eyebrow

Temporal branch of 
facial nerve

Within Paralysis of forehead

3 Midmandible 2.0 cm 
posterior to oral 
commissure

Marginal mandibular 
branch of facial 
nerve

Beneath Paralysis of lower lip

4 Anterior to parotid gland and 
posterior to zygomaticus 
major muscle

Zygomatic and 
buccal branch of 
facial nerve

Beneath Paralysis of upper lip

5 Superior orbital rim above 
midpupil

Supraorbital and 
supratrochlear 
nerves

Beneath Numbness of forehead, 
upper eyelid, nasal 
dorsum

6 1.0 cm below inferior orbital 
rim below midpupil

Infraorbital nerve Beneath Numbness of side of 
upper nose, cheek, 
upper lip

7 Midmandible below second 
premolar

Mental nerve Beneath Numbness of half of the 
lower lip

Table 64-2. Facial Danger Zones

From Seckel BR: Facial Danger Zones: Avoiding Nerve Injury in Facial Plastic Surgery. St. Louis, Quality Medical Publishing, 1994.

Figure 64-2. Underlying nerves running through each facial danger 
zone after the skin and superficial musculoaponeurotic system layer 
have been removed. (From Seckel BR: Facial Danger Zones: Avoiding 
Nerve Injury in Facial Plastic Surgery. St. Louis, Quality Medical 
Publishing, 1994.)

13. What are the “facial danger zones”?
They are defined areas in the face and neck that correspond to the location of the important nerves. A surgeon must 
know their exact locations to avoid injuring them during rhytidectomy (Figs. 64-1 and 64-2, and Table 64-2).
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14. What is the incidence of facial nerve injury during a standard rhytidectomy? Which 
nerve is damaged most often? What are the chances for recovery?
The incidence of facial nerve paralysis after rhytidectomy in a series of more than 6500 reported cases was 
approximately 0.7%, of which only 0.1% were permanent. The most frequently injured branches were the temporal and 
the marginal mandibular. Most patients recovered within 6 months.

CONTROVERSY

15. Does the marginal mandibular branch of the facial nerve really run at the margin of 
the mandible?
Cadaver dissections reveal that posterior to the facial artery the marginal mandibular nerve runs above the inferior 
border of the mandible in 81% of specimens. In the other 19%, it runs in an arc, the lowest point of which is 1 cm or 
less below the inferior border of the mandible. Anterior to the facial artery, all of the branches of mandibular rami are 
above the inferior border of the mandible.

On the contrary, clinical observations made during hundreds of parotidectomies and rhytidectomies showed that the 
mandibular branch always runs between 1 and 2 cm below the lower border of the mandible. In some individuals 
with lax and atrophic tissues, the branches have been noted to be located 3 to 4 cm below the inferior border of the 
mandible.
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Reanimation of the PaRalyzed face
Julia K. Terzis, MD, PhD, FACS, FRCS(C)

 1. Describe the embryogenesis of the facial nerve.
The main pattern of the facial nerve’s anatomic path and relationships is established during the first trimester 
of prenatal life. At the end of the third week of gestation when the entire embryo is 3 mm long, a cluster of 
neural crest cells appears just cranial to the auditory placode. This grouping of cells is called the facioacoustic 
primordium, or crest.

At the fifth week of gestation, the facial motor nucleus can be identified. The geniculate ganglion becomes well defined 
by the seventh week of gestation. The course of the intratemporal segment of the facial nerve and its branches forms 
before that of the extratemporal portion.

The first branch of the intratemporal portion of the facial nerve to develop is the chorda tympani nerve. In the 
extratemporal segment, the posterior auricular branch and the branch to the digastric are recognizable in the 6-week 
embryo.

The facial nerve is not fully developed until 4 years after birth.

 2. What is the primary function of the facial nerve?
The primary function of the facial nerve (cranial nerve [CN] VII) is to express voluntary movement of the muscles in the 
face and expression of involuntary emotions. The frequency and intensity of facial expressions may vary, but all of us 
understand the meaning of these expressions. Such expressions include happiness, joy, fear, anger, scorn, disapproval, 
and many others. We use these expressions to communicate our emotional needs.

 3. Where is the motor nucleus of the facial nerve located?
The cell bodies of the motor fibers of the facial nerve are located in a cluster of cells in the brainstem. On each side of 
our face, each facial nerve innervates 23 facial muscles. The exact topography of cells within the facial motor nucleus 
has not been clearly delineated. In addition to the muscles of facial expression, the facial nerve innervates the stapedius 
muscle in the middle ear, the platysma muscle in the neck, the stylohyoid muscle, and the posterior belly of the digastric 
muscle.

 4. Which side of the brain controls voluntary facial expression?
The system responsible for voluntary expressions is the left hemisphere of the brain only. Signals are sent to the right 
motor nucleus; at the same time, signals cross the corpus callosum to the right hemisphere. Thus symmetric facial 
expressions can be generated.

 5. How does an upper motor neuron lesion present?
The muscles of the upper face are innervated by motor neurons that receive bilateral projections from the motor cortex, 
whereas the motor neurons that innervate the muscles of the lower face receive projections only from the contralateral 
motor cortex. Therefore upper motor neuron lesions present with an ipsilateral lower facial paralysis only, whereas upper 
facial function is preserved.

 6. What is the neural pathway of spontaneous facial expressions?
Unlike voluntary facial expressions that are triggered by the left hemisphere only, spontaneous facial expressions are 
managed by both hemispheres. Usually these signals do not originate from the motor cortex but from other regions of 
the forebrain (e.g., amygdala and hypothalamus), and after they make a connection at the brainstem reticular formation, 
signals finally reach the right and left motor nuclei of the facial nerves. Thus a patient with a lesion in the motor cortex 
will be unable to move the facial musculature of the lower face. However, the same patient can generate symmetric 
involuntary facial animation when laughing, frowning, or when in distress because the requisite pathways are not 
affected by the cortical lesion.
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 7. What is “synkinesis,” and what causes these abnormal movements?
There are two “sphincter” systems in the face: the upper and lower sphincters. All other mimic muscles correspond to 
one or the other sphincter, and each of these two systems is innervated independently. Thus innervation of the upper 
half of the face (forehead and eye) is distinct from innervation of the lower half of the face (cheek and mouth).

Following damage to the facial nerve, aberrant regeneration leads to loss of the functional autonomy of each system, leading 
to synkinesis and mass movements. Such secondary defects are always present after injury and misdirected reinnervation.

Normally, a natural balance exists between “constrictor” and “dilator” muscles. When one contracts, the other relaxes. This 
mutual antagonism is lost following injury and aberrant regeneration. This leads to “cross-wiring,” with both sets of muscles 
contracting at the same time, resulting in ineffective and weakened movements of each set of muscles. The term autoparalytic 
syndrome has been used to describe this phenomenon, which translates to paradoxical innervation of antagonistic muscles.

 8. How does an intratemporal lesion of the facial nerve differ in presentation from an 
extratemporal lesion?
An extratemporal lesion will only have motor sequelae without any sensory deficits. In contrast, an intratemporal lesion may 
involve (1) the superficial petrosal branch, which innervates the lacrimal glands; (2) the nerve to the stapedius, which helps 
dampen loud noises; and (3) the chorda tympani nerve, which provides innervation to the anterior two thirds of the tongue.

 9. How can you differentiate an intratemporal from an extratemporal lesion  
of the facial nerve?
 • Schirmer test assesses lacrimation of the normal and paralyzed sides. A 25% decrease in tear production is abnormal.
 • Stapedius reflex test measures the ability of the stapedius to dampen loud sounds.
 • Electrogustometry test measures the sensation of the anterior two thirds of the tongue by using galvanic current.

 10. When obtaining the history from a patient with facial paralysis, what are the key 
questions you should ask?
The onset of the paralysis is the most important aspect of the history that will give clues to the cause of the patient’s 
facial paralysis. If the onset is acute, then the paralysis may be due to infection, trauma, medication, or vascular causes. 
Slow onset is most indicative of tumor. Other important questions are the presence of hyperacuity, dizziness, and 
changes in tearing, taste, and hearing.

 11. What should you look for on physical examination?
Encourage the patient to talk about his/her condition, and carefully observe the patient’s face while he/she is talking. Also 
observe the patient while he/she is at rest and while he/she is laughing, smiling, or drinking. Focus special attention on 
whether the patient has a blink reflex, whether the blink reflex is symmetrical, or whether the patient stares at the observer 
and blinks only from one eye. Movements of the commissure of the mouth, nasolabial fold, and forehead and the ability to 
depress or elevate the lips are important for assessing symmetry. Ask the patient to close the eyes tightly, puff the cheeks, 
wrinkle his/her nose, smile both broadly and lightly, and show his/her teeth. Downward movement of the lower lips indicates 
depressor and platysma function. Note any synkinesis, “twitching,” mass movements, “crocodile” tears, or epiphora.

Carefully assess the overall psychological status of the patient. Try to identify whether the patient’s expectations are 
realistic and whether he/she listens to your assessment, to the surgical strategy you have proposed, and to the answers 
you have given to the questions the patient has raised.

12. What other documentation is necessary in the office setting?
Prior to embarking on any type of surgical treatment, it is mandatory that all observations of the patient’s animation be 
documented. A protocol should be established that involves accurate audiovisual documentation, including videos of the patient 
raising his/her brows, frowning, wrinkling the nose, exhibiting soft and strong eye closure, smiling with and without teeth 
showing, and depressing the lower lip. A 4-minute video strip of the patient blinking should be recorded, as well as a recording 
of the patient’s face during involuntary animation. The latter can be accomplished by having the patient watch a “funny” 
show in front of the TV while the camera is videotaping the patient’s face. Thus voluntary and involuntary expressions can be 
recorded. Similar documentation should take place after facial reanimation surgery during the patient’s follow-up visits.

The videos and still photography are important components of the patient’s presentation preoperatively and after every 
stage of reconstruction.

 13. How long after injury to the facial nerve can some function be restored with microsurgery?
The timing of surgery is critical. If immediate repair of the damaged facial nerve is possible, it should be done. The repair 
should be done under the operating microscope. Immediate repair prevents scar and neuroma formation and allows 
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easier identification of the injured nerve ends. It also allows intraoperative stimulation of the distal branches, which 
leads to better fascicle alignment and improved results.

If reconstruction is delayed because of the patient’s condition, a period of up to 6 weeks will still allow optimal 
results. After this time, the quality of the results deteriorates because of retraction of the severed ends, thickening 
of the muscle membrane, proximal neuroma formation, and proliferation of scar tissue. In general, for a complete 
lesion, the optimal time for repair is within 3 months. If the lesion is partial, however, adequate results may be 
obtained even after 2 years.

 14. Once the diagnosis is made, how do you establish a strategy of reconstruction?
The strategy of reconstruction is determined by the extent and level of the injury. If both proximal and distal stumps 
are available, direct repair is recommended. If only the proximal stump is available, attempts should be made to 
neurotize the facial muscles directly with nerve grafts. If only the distal nerve stump of a facial nerve branch is available, 
ipsilateral nerve transfers from other motor donors or cross-facial nerve grafting (CFNG) should be considered. If 
the main facial nerve is extensively damaged, other available ipsilateral donors may have to be used, such as the 
hypoglossal nerve, spinal accessory nerve, or trigeminal nerve, usually in combination with CFNG.

The key to establishing a strategy of reconstruction is the condition of the facial musculature. If electrophysiologic 
testing determines that the facial muscles are present but denervated (i.e., needle electromyograms [EMGs] show 
fibrillation potentials), then the patient only needs provision of a motor nerve for reinnervation of the target to take place. 
If needle EMGs show partial denervation of the muscle, in the face of weak movement in the patient’s face, then the 
strategy should be to provide additional motor nerve without downgrading existing movement. An inability of needle 
EMGs to pick up any signals denotes total atrophy of the mimic muscles. In this case, in addition to provision of a motor 
nerve, muscle substitution should be used.

These strategies are determined by the age and condition of the patient, his/her ability to withstand several stages 
of reconstruction, whether the patient will be compliant with postoperative rehabilitation, and the demands and 
expectations of the patient.

 15. Which branch of the facial nerve is most commonly injured during a routine 
facelift?
The mandibular branch is the most commonly injured because it courses inferior to the parotid just beneath the 
superficial masseter fascia superiorly and along the lower border of the mandible. Usually it is injured during removal of 
fat from the submental and submandibular areas.

 16. What preoperative tests are mandatory in facial paralysis work? Why?
Plain radiographs of the skull usually demonstrate lesions such as meningiomas and outline any bony invasion that 
may be present. Bilateral temporal bone polytomography or computed tomographic (CT) scans help to visualize the 
right and left facial nerve canals and are important tests in differentiating developmental absence of the facial nerve 
from acquired lesions. Coronal-cut CT scan helps to demonstrate transverse skull fractures, and longitudinal views 
demonstrate temporal damage. EMG helps assess which muscles are partially or totally denervated and defines which 
targets need to be reinnervated or substituted.

 17. What are the advantages and disadvantages of ipsilateral nerve grafting?
Ipsilateral nerve grafting is the treatment of choice for lesions of isolated branches of the facial nerve. It gives faster, 
stronger regeneration in a shorter time. However, ipsilateral nerve grafting to the main trunk of the facial nerve is invariably 
followed by severe mass action and synkinesis. A “smarter” strategy is to innervate the upper face (eye sphincter) with the 
ipsilateral facial nerve and to restore animation to the lower face using CFNGs from the contralateral side.

18. What is CFNG?
CFNG is a technique that borrows motor axons from the normal facial nerve and delivers them via interposition nerve 
grafts to the contralateral paralyzed side. CFNG allows the possibility of synchronized, coordinated movements as well 
as the possibility of self-expression. Although it can be done as a one-stage or two-stage procedure, most surgeons 
prefer the two-stage approach. The advantage of the two-stage approach is that the distal stump of the CFNGs can be 
assessed histologically at the second stage before coaptation with the branches of the facial nerve on the injured side.

19. What are the advantages and disadvantages of CFNG?
CFNG is a physiologic approach that, if done properly, gives satisfactory reinnervation to the damaged contralateral facial 
nerve. Disadvantages include invasion of the normal facial nerve, donor deficits from the harvesting of the nerve grafts, 
need for interposition nerve grafts with two coaptation sites, and long interval for target connectivity. CFNG is considered a 
relatively weak motor donor and thus provides the best results if used in the first 3 months after onset of facial paralysis.
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Figure 65-1. Twenty-eight-year-old 
female patient who presented with a 
right facial paralysis secondary to a 
high-velocity motorcycle accident. She 
was an unhelmeted passenger when 
the motorcycle hit a truck head-on. She 
suffered multiple facial bone fractures as 
well as a right temporal bone fracture. 
She was treated 6 months postinjury 
with a “babysitter” procedure, which 
consisted of end-to-side coaptation of 
the right facial nerve to the ipsilateral 
hypoglossal nerve. At the same 
time, three CFNGs were placed. Ten 
months later, she had secondary 
microcoaptations of the CFNGs to eye, 
smile, and depressor branches of the 
right facial nerve. The patient is seen 
here six months after her second stage 
of reconstruction.

 20. In the CFNG procedure, how do you determine when the regenerating facial nerve 
motor fibers have crossed the face?
Clinical examination is used to assess the nerve grafts postoperatively. After consulting the intraoperative drawings, 
Tinel’s sign is elicited. Tinel’s sign is observed when the paralyzed side is percussed and the patient feels tingling in 
the appropriate site on the normal face. The degree of tingling sensation usually corresponds to the effectiveness of 
regeneration of the particular nerve graft. In addition, conduction velocities can be obtained noninvasively and are a 
useful and objective means to evaluate each CFNG individually.

 21. Describe the postoperative management after a completed CFNG procedure.
The most important factor in postoperative care is protection of the coaptation sites of the CFNG. A splint is placed 
around the patient’s head, limiting the patient’s ability to open the mouth. Manipulation of the area in which the 
repairs are located should be limited. Antiemetics are given because a sudden episode of projectile vomiting will 
invariably disconnect the repair. Talking should be limited. In 6 weeks, ultrasound and massage should be instituted 
in the cheek to soften the area and to decrease scar formation around the nerve repairs. Intensive slow-pulse 
stimulation of the denervated muscles prevents atrophy while the facial motor fibers are regenerating. After the 
second stage, a certain degree of facial muscle reinnervation takes place. The same postoperative precautions 
are taken, and slow-pulse stimulation again is recommended at 6 weeks along with ultrasound, intensive physical 
therapy, and facial exercises. Physical therapy includes training the patient to use both sides of the face in a 
symmetrical, coordinated fashion and to use each side of the face independently. Biofeedback is a useful tool that 
facilitates the reeducation process.

 22. When are crossover procedures considered? Why?
In irreversible damage to the facial nerve, other ipsilateral motor nerves are considered as donors of motor fibers, 
including the hypoglossal, spinal accessory, and trigeminal nerves. The downside to these donors is that resulting facial 
movement is not coordinated with the normal side.

 23. What is the “babysitter” principle?
The babysitter principle uses ipsilateral cranial nerve to send strong motor fibers quickly to the denervated facial 
muscles. This technique can stop the denervation clock and maintain the bulk of the facial muscle while the first 
stage of CFNG is done. Donors include the hypoglossal, trigeminal, or spinal accessory nerve. Only 30% to 40% of the 
donor nerve is used. Thus morbidity associated with these transfers is minimal. At the second stage, the distal ends 
of the CFNG are coapted to the peripheral branches of the involved facial nerve (Fig. 65-1). The coaptation with the 
babysitter is not severed at this time; instead, it is kept to give additional motor fibers to the affected facial musculature. 
The babysitter serves only to preserve bulk to the facial muscles; the CFNG functions as the pacemaker that enables 
coordinated animation.

 24. What are the indications for free muscle transfer in facial paralysis?
If the denervation time (time after injury) is excessively long, the facial muscles invariably atrophy. In such cases, 
free muscle transfers are required. Preoperative needle EMGs demonstrate the degree of denervation of the facial 
musculature. If there is no hope of adequate reinnervation by ipsilateral or contralateral neurotization procedures, 
foreign muscle in the form of a free vascularized muscle transplant is indicated (Fig. 65-2).
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 25. What criteria determine the choice of foreign donor muscles?
The choice of muscle depends on the dynamic requirements of the nonparalyzed side. The selected muscle should 
provide a range of excursion that corresponds to the opposite normal side. The origin and insertion must appropriately fit 
the line of excursion intended to be restored. Muscle transplantation can be done to correct mild asymmetry or complete 
paralysis of the nasolabial fold and angle of the mouth. The free muscle must have a reliable neurovascular pedicle and 
be dispensable, easily contoured, and capable of generating sufficient force to provide the needed symmetry to the face. 
The most commonly used muscles for smile restoration are the gracilis and pectoralis minor.

26. What are the advantages and disadvantages of the gracilis free muscle transfer  
(Fig. 65-3)?

AdvAntAges

 • A predictable, long, and constant neurovascular pedicle makes the gracilis a very dependable transfer.
 • Harvesting of the gracilis is relatively easy because of easy reach: thus trimming, debulking, and contouring can be 
accomplished prior to dividing the pedicle and harvesting the muscle.

 • After transfer and upon reinnervation, the muscle can generate sufficient force to obtain the desired excursion.

A B

Figure 65-2. Patient is a 21-year-
old female with a history of idiopathic 
right facial paralysis since the age of 
12 years. She was treated with CFNG 
× 4. A year later, a free gracilis muscle 
was transferred to the right cheek for 
smile restoration. The patient is seen 
here a year following revisions.

A B

Figure 65-3. Patient is a 4-year-
old female who presented with 
developmental facial paralysis. She was 
treated with three cross-facial nerve 
grafts (CFNG × 3). A year later, a free 
gracilis muscle was transferred to her 
left face for smile restoration. The patient 
is shown here 9 months later and before 
any revisional surgery.
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disAdvAntAges

 • The gracilis is bulky and too long for facial reanimation purposes and always requires sculpturing to fit  
the face.

 • The debulking process, if extensive, may cause injury to the endplates and may result in a successful transfer that 
cannot generate adequate force.

 • The gracilis has only one direction of pull: thus it is best used for restoring certain types of smile, especially retraction 
and some elevation of the modiolus.

27. What are the advantages and disadvantages of the pectoralis minor muscle 
transfer?

AdvAntAges

 • Donor site morbidity is minimal.
 • The muscle has ideal form and shape for the face.
 • The muscle can yield adequate excursion in the needed direction of pull.
 • If the hilus of the muscle is placed over the zygomatic arch, its slips of origin can be separated and fashioned 
to substitute not only for the zygomaticus major muscle but also for the elevators of the upper lip as well as the 
retractors of the commissure. Thus a multidirectional pull can be achieved. Dual innervation is the most important 
advantage. The upper third is innervated by a branch of the lateral pectoral nerve, whereas the lower two thirds are 
innervated from the medial pectoral nerve. Dual innervation allows independent movements of the upper and lower 
parts of the muscle. This advantage can be used to address the separate needs of animation of the eye and the 
mouth or of animation of the commissure and the upper lip.

disAdvAntAges

 • The position of the muscle is deep; thus harvesting is difficult for the inexperienced.
 • Debulking the muscle is difficult; thus it has to be debulked during ischemia time, which may have functional 
repercussions.

 • Because the neurovascular pedicle is short, you need to carry the recipient vessels on the posterior surface of the 
muscle to accomplish the anastomoses.

 • The pectoralis muscle has a variable dominant vascular supply. The lateral thoracic artery is the main artery in most 
cases, but a contributing branch from the thoracoacromial trunk occasionally shares codominance, making the 
muscle nontransferable because of the small size of both vessels.

 • The muscle cannot be used in adults with highly developed upper torsos as it is too bulky. In contrast, it is ideal for 
children with unilateral developmental facial paralysis.

28. What are the advantages and disadvantages of local muscle transfers?
The masseter and temporalis muscles are the local muscle transfers used most often. They offer more expedient return 
of function (within weeks) and are easier to perform than free muscle transfers. The main disadvantage is that their 
function is not synchronized with the function of the contralateral face.

29. What are the prerequisite criteria for the diagnosis of Möbius syndrome?
Möbius syndrome is a developmental disorder characterized by bilateral facial paralysis. This condition usually 
involves the sixth and seventh cranial nerves. It also may involve the third, fifth, ninth, and twelfth cranial nerves. 
Limb abnormalities occur in 25% of cases, and the pectoral muscles are abnormal in 15% of cases. Occasionally, the 
paralysis is unilateral, but such patients still have contralateral involvement of the cranial nerves.

30. What are the reconstructive goals in a child with Möbius syndrome?
The reconstructive goals are to provide symmetrical and functioning nasolabial folds that may mimic a smile. 
Reconstruction is done in stages. The first stage focuses on bringing motor donors to one side of the face 
by using the ipsilateral partial spinal accessory nerve and/or branches of the trigeminal nerve with or without 
interposition nerve grafts. The second stage involves provision of muscle targets in the form of a free muscle 
transplant. These procedures are repeated for the contralateral face with the goal of producing symmetric results. 
The contralateral facial nerve and ipsilateral hypoglossal nerve usually cannot be used because they are often 
absent or abnormal.

More recently, children with Möbius syndrome have been treated with free muscle transfer with end-to-side coaptation 
of the obturator nerve (in the case of gracilis) with the masseteric nerve. In some centers, the entire masseteric nerve 
is sacrificed to achieve an end-to-end coaptation. This is not recommended because it further downgrades the ability of 
the child to chew, speak, and manipulate a bolus of food.
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31. Discuss current microsurgical approaches for the paralyzed eye sphincter.
When reconstructing the eye, the surgeon should determine if the upper lid, lower lid, or both need to be corrected. 
If a lower lid ectropion exists, the lower lid needs support. Support can be provided through a minitendon transfer to 
the lower lid. The usual donor is the palmaris longus tendon. To restore animation to the upper lid, a gold weight may 
be considered. The weight allows gravity to close the eye when the levator is relaxed. The gold weight is indicated in 
patients who may be noncompliant, who have modest expectations, or who are not amenable to frequent visits for 
adjustments. If the patient is cooperative, is concerned about aesthesis, and has residual but not normal blink reflex, an 
eyespring is the treatment of choice. Eyesprings can be tedious to place and invariably need adjustment. The results are 
superior to that of gold weights both aesthetically and functionally. Local and free muscle transplantation in combination 
with CFNG can replace the missing eye sphincter and provide coordinated and dynamic eye closure, but the procedure 
should be left in the hands of an experienced surgeon.

32. What are the surgical options for correction of unilateral lower lip palsy?
Unilateral lower lip paralysis is a challenging problem. If direct coaptation of the damaged mandibular nerve is not an 
option, other donors must be found. A small segment of the hypoglossal nerve can be coapted directly to the damaged 
distal mandibular nerve. If neural microsurgery is not indicated because of the longevity of the palsy, muscle transfer 
may be necessary. The most commonly used muscles are the platysma and the digastric, which are transferred to help 
with depression of the lower lip.

33. What are the indications for use of digastric versus platysma muscle in lower lip 
reanimation?
Because the platysma is innervated by the facial nerve, it gives coordinated depressor function when used for 
reanimation of the lower lip. When the ipsilateral platysma is absent or paralyzed, the digastric muscle may be 
transferred in combination with a CFNG.

34. What outcomes can be obtained with free muscle transfer for long-lasting facial 
paralysis?
According to a review by the senior author of 100 cases of free muscle transplants for facial paralysis, 94% of patients 
had improved results postoperatively. Eighty percent were rated moderate or better by an independent panel of four 
judges that included one doctor, one medical student, one photographer, and one journalist.

Other results showed the following:

 • Women received higher scores and had a slightly earlier onset of muscle function than men.
 • Younger patients had earlier onset of muscle function than did older patients.
 • Patients with developmental facial paralysis did better than did patients with posttraumatic or infectious causes.
 • Pectoralis minor transplants recovered function more quickly than did gracilis transplants.
 • Intraoperative ischemia time did not correlate with onset of muscle function as long as the ischemia time was kept 
below 3 hours.
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AugmentAtion mAmmAplAsty 66

 1. What is augmentation mammaplasty?
Augmentation mammaplasty is an aesthetic procedure designed to increase the volume of the breast. Along with the 
increase in breast size, other surgical goals include improvements in breast shape, symmetry, and nipple position. The 
procedure is accomplished by making an incision, surgically creating a space or “pocket” under the breast, and then 
inserting an appropriately sized breast implant.

 2. Who was the first to perform this procedure?
The first breast augmentation was performed in 1890 using paraffin injections. In 1920, this technique was abandoned 
in favor of fat transplants. Fatty tissue was surgically removed from the abdomen and buttocks and transferred into the 
breasts. In the 1950s, polyvinyl “sacs” were frequently used to achieve fuller, more projected breasts. The earliest known 
implant was attempted by Vincenz Czerny, who used a woman’s own adipose tissue from a lipoma on her back, which 
he transferred to a submammary position.

The modernage of augmentation mammaplasty began with Thomas Cronin and Frank Gerow, two Houston, Texas, 
plastic surgeons, who developed the first silicone gel-filled breast prosthesis with the Dow Corning Corporation in 1961. 
The first woman was implanted in 1962.

 3. What are the indications for breast augmentation?
Women choose to undergo breast augmentation because they are naturally small-busted, have developed excessive 
volume loss with pregnancy or weight loss, develop breast sagging, have an asymmetry in breast size or shape, or 
simply want to enhance their existing breast contour.

 4. Does the preoperative shape of the breast affect the results obtained by 
augmentation mammaplasty?
The width, cleavage, projection, and size of the breast can be manipulated by the dimensions of the pocket and the 
shape of the implant. Ptosis of up to 2 to 3 cm can be corrected with a subglandular or subpectoral placement of the 
implant or by lowering the inframammary fold with submuscular placement of the implant. Deformities of the breast 
may require use of implants of different sizes with or without the addition of mastopexy.

 5. Is there an age limit to breast augmentation?
There is no age restriction per se for any patient wishing to undergo breast augmentation. Ideally, the procedure should 
be performed only on a patient who has had a stable breast size after initial breast development for at least 1 year. 
Eighteen years is considered an appropriate lower age limit for breast augmentation because most women will be fully 
developed by this time. The emotional maturity of the patient must be considered when deciding the appropriate time 
to perform such an intensely personal procedure, and it is advisable to perform the operation only on those younger 
women who have realistic expectations and a stable support system from family and friends.

 6. Who performs breast augmentation procedures?
Although many different types of “cosmetic” surgeons offer breast augmentation services, it is highly advisable to seek 
out a board-eligible or board-certified plastic surgeon to perform the procedure. Such surgeons are specifically trained 
in the various techniques required to successfully perform the procedure and provide the very best aesthetic results 
with the fewest complications.

 7. What type of anesthesia is required?
Although some surgeons attempt to perform breast augmentation under local anesthesia, with or without 
complementary intravenous sedation, generally speaking the procedure is done under general anesthesia. Typically the 
surgery is performed at an outpatient surgical center because an overnight stay in a hospital setting is not required.
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 8. Should prophylactic antibiotics be used?
The incidence of infection in augmentation mammaplasty is 2.2%. Because the implant is a foreign body, infection can 
be a catastrophic event requiring its removal. The most commonly isolated organism is Staphylococcus epidermidis. 
Some studies have reported other organisms, such as atypical mycobacteria and fungi, as a cause of local infection. 
There is no consensus regarding the use of antibiotic prophylaxis in breast surgery. The variation in practice regarding 
antibiotic prophylaxis in breast surgery reflects the lack of reliable evidence for its efficacy. Thus, in addition to 
an adequate skin preparation, 1 g of cephalothin should be administered intravenously prior to the skin incision. 
Postoperatively the patient should be given cephalexin 500 mg po qid for 5 to 7 days.

 9. How do you choose the size of the breast implant?
Choosing implant size is one of the most difficult decisions to make when planning a breast augmentation. Many 
factors must be taken into consideration, including the preoperative size of the breast, the elasticity of the skin, the base 
diameter of the breast, and the desire of the patient. The surgeon must have a clear understanding of what the patient 
perceives her ultimate size result will be to prevent postoperative disappointment on the part of the patient, which can 
lead to reoperation for size change.

10. What incisions are used for augmentation mammaplasty?
Several different incision sites can be used to provide access to the breast, allowing appropriate dissection of the 
surgical pocket and easy placement of the breast implant. Three incisions are most often used for augmentation 
mammaplasty. The periareolar incision is a semicircular incision at the border of the nipple–areolar complex. The 
inframammary incision is located at the inframammary fold; it does not extend medially beyond the medial border of the 
nipple-areolar complex. The axillary incision is located in the hair-bearing region of the axilla.

Placing the incision in the inframammary fold or at the inferior junction of the areola with inferior breast skin affords 
direct visualization of the pocket with the aid of a lighted retractor during dissection and easy placement of either silicone 
or saline breast implants, which are either round or anatomically shaped. Alternatively, a more remote incision site in 
the axilla can afford adequate access to the breast while keeping the scar hidden under the arm. Some surgeons use 
an endoscope with this approach to still allow direct visualization when the pocket is dissected. In this way bleeding is 
best controlled and the dimensions of the pocket are accurate. Use of silicone implants with this approach is somewhat 
more difficult, and properly positioning anatomically shaped silicone implants is difficult. The periumbilical approach 
(periumbilical incision) keeps the scar completely off the breast but requires blunt dissection of the pocket, which risks 
hematoma formation and inaccurate pocket dissection. Furthermore, only saline implants can be used with this approach.

There are other, less commonly used incisions to access the breast, including the transareolar, transumbilical (TUBA), and 
transabdominoplasty approaches.

11. Where is the implant placed in augmentation mammaplasty?
The implant may be subglandular, submuscular, or subpectoral. The subglandular placement is below the breast 
tissue and above the muscular fascia. The submuscular placement is above the chest wall and below portions of 
the pectoralis major and minor, serratus anterior, rectus abdominis, and external oblique muscles. The subpectoral 
placement is above the chest wall and below the pectoralis major muscle superiorly and in the subglandular, 
subfascial, or subcutaneous plane inferiorly.

The standard pocket into which an implant is placed is partially under the pectoralis major muscle such that the upper 
portion of the implant is under the muscle and the lower portion of the implant is in contact with the overlying breast. 
Alternatively, to avoid distortion of the breast contour when the pectoralis major muscle is contracted, the subglandular 
approach can be used where the pocket is created entirely on top of the pectoralis major muscle. If this approach is 
used, the patient must have an adequate amount of soft tissue about the breast so that the implant does not show 
through in an unaesthetic fashion.

12. What is the “dual-plane” technique?
The “dual-plane” technique refers to a variable release of the breast from the lower edge of the pectoralis major muscle 
to avoid unattractive tethering of the lower pole of the breast when an implant is placed in the partial subpectoral position.

13. What types of breast implants are available?
Breast implants are constructed by manufacturing a pliable silicone elastomer shell that is filled with either silicone or 
saline. Some specialty implants combine both types of fillers. Implants can have a smooth external surface, or they can 
have a rough texture added in an attempt to reduce the rate of capsular contracture and limit postoperative implant 
migration. Finally, implants can have either a round configuration or a more anatomic teardrop shape. Essentially any 
combination of these variables is or has been available.
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14. What are the advantages of anatomic implants?
Anatomic teardrop-shaped implants are advantageous in small-busted women who have minimal breast tissue to cover 
the implant. The anatomic shape contributes to an improved postoperative breast contour in these patients. These 
implants are better reserved for primary surgery on the breast to allow the pocket to appropriately fit the implant to 
minimize the possibility of postoperative implant rotation.

15. Are silicone gel-filled implants currently available for augmentation mammaplasty?
Before April 1992, silicone gel-filled implants were the most common implants used for augmentation. Subsequently, the 
Food and Drug Administration (FDA) ruled that silicone gel-filled implants could be used only for breast reconstruction 
after cancer ablation surgery and replacement of silicone gel-filled implants in previously augmented patients. In 
2006, almost 15 years later, the FDA lifted the ban on the use of silicone implants, which once again are available for 
augmentation as well as reconstruction.

16. What postoperative care is required after augmentation mammaplasty?
Postoperatively many surgeons use displacement exercises to help keep the implant space open, which results in the 
implant maintaining a soft feel. When anatomically shaped implants are used, it is best to avoid these exercises because 
pressure on the implant could cause the implant to rotate. Postoperative support garments are worn to provide comfort 
and help reduce swelling.

17. What are the potential complications?

ImmedIate ComplICatIons

 • Hematoma
 • Seroma
 • Wound dehiscence
 • Infection

late ComplICatIons

 • Capsular contracture
 • Implant rupture
 • Asymmetry
 • Visible skin wrinkles
 • Palpable implant folds
 • Scarring
 • Shape problems
 • Nipple sensation alteration
 • Late infection
 • Silicone granuloma

18. What is capsular contracture?
Capsular contracture refers to the development of an acellular collagenous sheath (scar tissue) surrounding the implant. 
This scar layer forms around every foreign device placed in the body, including breast implants. For reasons that remain 
unclear, in some patients this scar layer becomes reactive and contracts, resulting in a tight, distorted appearance of 
the breast. The rate of capsular contracture varies among the various types of implants used, but generally capsular 
contracture occurs in approximately 5% to 10% of patients.

19. What is the classification of capsular contracture?
Capsular contracture was classified by Baker in 1975 as follows:

 • Grade I: Soft
 • Grade II: Minimal contracture; implant palpable but not visible
 • Grade III: Moderate contracture; implant palpable and visible
 • Grade IV: Severe contracture; hard, painful breast, with distortion

We have modified this classification system to better distinguish between the degree of contracture and any associated 
symptoms:

 • Grade I: Pocket surface area greater than surface area of implant, that is no contracture; breast is as soft as 
implant will allow
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 • Grade IIA: Pocket surface area slightly smaller than implant surface area resulting in mild firmness to feel of the 
implant but no implant distortion and no pain

 • Grade IIB: Same as IIA but with pain
 • Grade IIIA: Pocket surface area moderately smaller than implant surface area resulting in mild firmness to feel of 
the implant with visible implant distortion and no pain

 • Grade IIIB: Same as IIIA but with pain
 • Grade IVA: Pocket maximally contracted, breast visibly distorted and firm, no pain
 • Grade IVB: Same as IVA but with pain

20. How is capsular contracture treated?
Typically early contracture can be improved with aggressive displacement exercises. It is our practice to add a smooth 
muscle relaxant (Pavabid 150 mg po bid for 3 months; Pavabid is an oral formulation of Papaverine) to aid in the effect. 
For more severe or mature contractures, surgical release of the scar is required. Most commonly this procedure involves 
complete removal of the scar in the form of a capsulectomy (Table 66-1).

21. Is there a risk of rupture of the breast implant?
All manufactured devices have a finite life expectancy. Patients should be counseled that the risk of failure of the implant 
depends on the physical properties of the device and the time elapsed since implantation. The risk is cumulative and is 
speculated to be approximately 2% per year.

22. How do you diagnose implant rupture?
Implant rupture is diagnosed either clinically or radiologically. A saline implant will deflate, resulting in an obvious loss of 
fullness. However, rupture of a silicone gel-filled implant is less obvious because the escaping gel usually is contained in 
the surgical pocket by the capsule. Rupture is suspected if a change in the character of the device, such as a change in 
the softness, texture, or shape of the implant, is noted. Magnetic resonance imaging (MRI) is the best diagnostic tool for 
detecting rupture.

23. How is implant rupture treated?
Once the rupture has been confirmed, the implant has to be removed and replaced with an intact implant.

24. Can you breastfeed after undergoing breast augmentation?
Women are more likely to be able to breastfeed after breast augmentation if an inframammary fold, axillary, or 
periumbilical incision has been used. The periareolar approach can be associated with lactation insufficiency. 
Breastfeeding after a silicone gel breast augmentation is generally considered to be safe and poses no health risk to the 
baby.

25. Is sensation to the nipple and areola affected after breast augmentation?
Sensation to the nipple and areola can be either diminished or completely lost after a patient undergoes breast 
augmentation. It is important for patients to be made aware of this potential complication, particularly when intact 
sensation in and around the nipple and areola is an important part of the patients’ sexual health.

26. Is there an increased risk for breast cancer in patients undergoing breast 
augmentation?
The incidence of breast cancer among women who have undergone breast augmentation is the same as that among 
the general population. It is generally accepted that breast augmentation does not in any way increase the risk for 
developing breast cancer.

Table 66-1. Capsular Contracture Treatment

CApSuLAR CoNTRACTuRe TReATMeNT

Grade I None

Grade IIA Pavabid, breast massage

Grade IIB Pavabid, breast massage

Grade IIIA Pavabid, breast massage, or surgery

Grade IIIB, IV Surgery (capsulotomy or capsulectomy)
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27. How can you screen for breast cancer in a patient with breast implants?
Mammography, physician examination, and breast self-examination still are the screening modalities of choice for 
patients who have undergone breast augmentation. It is important to notify the mammographer about the presence 
of a breast implant when the patient is having a mammogram because special techniques or additional views of the 
breast may be required to adequately evaluate the breast for suspicious lesions. In difficult situations, ultrasound 
evaluation can supplement the information provided by mammograms. More recently MRI evaluation has also been 
recommended.

28. Are silicone gel-filled implants safe?
Thirty-one studies from four countries encompassing a cohort of more than 500,000 women failed to find a statistical 
relationship between any known or newly recognized disease and silicone. For this reason, it is generally accepted by 
both the scientific and medical communities that silicone does not cause any type of systemic disease.

29. Is breast augmentation covered by insurance?
Breast augmentation for purely aesthetic reasons is not covered by insurance and is considered a cosmetic 
procedure.
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Reduction MaMMaplasty

 1. What is the blood supply to the breast?
The primary blood supply to the breast comes from the following:

 • Perforating branches of the internal mammary artery (60%)
 • Branches from the axillary artery (mostly the lateral thoracic artery, but also pectoral branches and the highest 
thoracic artery)

 • Lateral branches from the third, fourth, and fifth posterior intercostal arteries

Rich anastomoses between these arteries allow survival of the breast with varying breast reduction techniques, as long 
as sufficient vessels remain (Fig. 67-1).

 2. What is the nerve supply to the breast? To the nipple?
The sensory innervation is from the following:

 • Supraclavicular nerves from the third and fourth branches of the cervical plexus
 • Anterior cutaneous branches from intercostal nerves 2 to 6
 • Anterior branches of the lateral cutaneous nerves 3 to 6; lateral cutaneous branch of T4 is believed to be the 
primary innervation to the nipple (Fig. 67-2)

 3. Why do pedicles other than the inferior ones seem to have as much sensation 
postoperatively?
There appears to be enough innervation from the other branches so that no clinical difference is detectible 
postoperatively between superior pedicle and inferior pedicle techniques, despite the fact that anatomic studies have 
demonstrated more branches to the inferior pedicles.

Internal mammary
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Thoracodorsal
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Figure 67-1. Blood supply to the breast.
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Figure 67-3. Inferior pedicle technique. IMF, inframammary fold.

 4. What are the most popular techniques used for breast reduction in the United 
States?
Surveys of board-certified plastic surgeons taken in 1998 and 2002 showed that 74% and 75%, respectively, preferred 
the inferior pedicle/Wise pattern techniques—not much change! Fifty-six percent of the respondents in 2002 used 
only this technique. Compare this with a German study showing that 53% of their surgeons preferred the short scar 
technique in 2001, with the number of surgeons increasing to 66% in 2003 (Fig. 67-3).

 5. What are the advantages and disadvantages of the vertical reduction technique?

AdvAntAges

 • Can elevate the inframammary fold (IMF) on the chest and avoid fixation of the base of the breast at the inframammary 
fold because of pedicle location.

 • Allows inferior glandular excision, where the excess is often located.
 • Can narrow the base of the breast and give better projection.
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Figure 67-2. Nerve supply to the breast.



448 reduction MaMMaplasty

 • Faster procedure with less blood loss.
 • Patients are “less disappointed by scars” and feel they have “better aesthetic results.”

disAdvAntAges

 • Better for small/medium reductions than for extremely large reductions.
 • Steeper learning curve. You don’t see the final shape at the time of surgery, so the technique requires some 
experience. (Although, in actuality, you don’t have the final shape in the inverted T incision either! The areola-to-
inframammary fold distance is made shorter than desired in anticipation of stretching out.)

 • Requires better quality of skin to allow redraping because the technique depends on glandular reshaping rather than 
reshaping of the envelope for the final shape.

 6. What are the advantages and disadvantages of the inferior pedicle reduction technique?

AdvAntAges

 • Can be used on a large range of reductions, including very large reductions.
 • More predictable.
 • Relatively easy to learn and teach.
 • Fewer revisions needed.
 • Overall patient satisfaction is statistically equal for vertical versus Wise pattern reduction.
 • Better for patients with poor skin quality because redraping is not as important.
 • Usually has good preservation of nipple sensation and lactation potential.

disAdvAntAges

 • Produces very large scars that not uncommonly can become hypertrophic (especially the inframammary scars).
 • Has a tendency to produce a wide, flat breast and to “bottom out” with time, leaving superior pole hollowness and 
nipples that point up.

 7. What are some other methods of breast reduction, and what are the advantages and 
disadvantages of each?
Reduction by Liposuction Alone (Controversial): In patients with minimal to moderate breast hypertrophy, satisfactory 
breast shape and nipple location, good skin tone, and fatty breasts, this can be an appealing alternative. Only small 
scars are produced and the skin can retract, resulting in decreased sternal notch-to-nipple distances. It is almost 
impossible to predict preoperatively what percentage of the breast is fat, but older patients tend to have more fat than 
do younger patients. Many plastic surgeons believe that fat should neither be suctioned from nor added to breast tissue 
because of oncologic concerns. Dr. Madeleine Lejour reported a study examining the material removed from breasts 
using traditional suction-assisted lipectomy (SAL). No glandular tissue was found on pathologic examination. Others 
disagree and recommend that liposuction specimens be sent. Postoperative mammograms have not been shown to 
contain changes that can be confused with malignancy by experienced radiologists.

Careful application of this technique in women whose complaints are based on breast weight and not ptosis is crucial. 
One study of 117 patients showed that 80% were “very satisfied” or “completely satisfied,” and 87% would do it again. 
The unhappy patients did not achieve the amount of reduction desired. The glandular component of the breast can limit 
the effectiveness of liposuction alone.

Reduction Using Ultrasound-Assisted Liposuction (Even More Controversial): Ultrasound-assisted liposuction (UAL) can 
remove fat from even more dense breast tissue, but studies with the aspirate have not yet been done. Studies from the 
gynecologic and neurologic literature have shown that tumor histology can be performed on ultrasonic aspirate with 
great accuracy. The concern over the use of UAL is the lack of data on the long-term effects of ultrasonic energy on the 
breasts and the fear of litigation.

Short Scar Techniques: Marchac and Chiari, in particular, have reported excellent results, with reduction of the scar in 
the inframammary fold along with attractive breast shapes.

Vertical Techniques: Popularized by Lejour, these techniques have been gaining in popularity because of the reduced 
number of scars and the attractive and long-lasting breast shape. The biggest drawbacks to these techniques are the 
steep learning curve and an unappealing immediate postoperative appearance that can take over a month to resolve. 
Dr. Hall-Findlay has developed a simplified version of these techniques that has gained popularity as the Lejour 
technique has declined in favor in the United States.
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Periareolar Techniques: These techniques accomplish breast reduction and reshaping via an incision around the areola 
alone. Common problems with periareolar surgery have been a flattening of the breast shape with loss of nipple/
areolar projection and widening of the scars and the areolas. Benelli’s “round block” technique in which a permanent 
pursestring suture is placed may help prevent the scar and areolar spread. Góes of Brazil has obtained good projection 
and shape with the use of a Vicryl/polyester mesh between the gland and the skin; however, use of this material would 
be difficult for medicolegal reasons in the United States.

 8. Why are the short scar techniques not popular in the United States?
Some cited concerns are (1) fear of the superior pedicle, (2) fear of complications, (3) fear of litigation, (4) reluctance to 
leave the operating room without the final breast shape, and (5) steep learning curve.

 9. What are the primary differences between Dr. Lejour’s vertical reduction technique 
and Dr. Hall-Findlay’s modified technique?
 • Hall-Findlay uses a medial (or lateral) dermoglandular pedicle versus a superior dermal pedicle that can be 
difficult to inset.

 • Hall-Findlay uses no undermining of skin.
 • Hall-Findlay rarely uses liposuction, whereas Lejour uses it routinely.
 • Hall-Findlay does not suture the breast to the pectoralis fascia (Fig. 67-4).

 10. What technique(s) generates the most litigation?
Short scar techniques, especially those that involve a pursestring suture.

 11. What are common indications for breast reduction?
Physical complaints include shoulder grooving; neck, back, and shoulder pain; mastodynia; maceration and infection 
of the inframammary regions; neurologic sequelae secondary to neck problems (e.g., ulnar nerve impingement); 
and difficulty finding clothing that fits and is attractive. Respiratory complaints are not associated with mammary 
hypertrophy.

Psychological complaints include embarrassment, feelings of physical unattractiveness, self-consciousness, 
unwillingness to exercise, and loss of sexual appeal and femininity.

 12. Do studies support the efficacy of breast reduction for symptomatic patients?
Several studies, many of them prospective in nature, now confirm results such as decreased pain, improved 
posture, improved quality of life, high patient satisfaction, and decreased disability. As to determining the amount 
of tissue that must be removed to be considered “medically necessary,” some studies reinforce the conclusion that 
the patients’ symptomatic complaints represent the logical threshold for authorizing surgery rather than breast 
weight per se.

Figure 67-4. Hall-Findlay vertical reduction.
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Pain relief, postural changes, and musculoskeletal strength are not strictly correlated with the amount of breast 
tissue removed. Therefore it is believed that women who are willing to undergo breast reduction surgery are suffering 
significantly, and most obtain relief after surgery.

13. At what age should breast reduction be performed?
Ideally, you should wait for the patient to achieve full breast maturation, which is generally several years after onset of 
menstruation. However, if the oversized breasts interfere with the patient’s activities and self-esteem, the procedure 
can be performed earlier. The patient and her family must understand that the procedure may need to be repeated if the 
breasts continue to grow. They also must understand the extent of scarring and the potential for loss of sensation and 
loss of the ability to lactate.

14. Is lactation possible after breast reduction?
Yes, depending on the technique used. However, many women who have never had breast surgery can’t breastfeed, so 
you can’t guarantee it. Obviously, those procedures that leave the underlying gland attached to the nipple (e.g., inferior 
and central pedicle techniques) are much more likely to be successful at preserving the ability to breastfeed. One study 
showed 100% of the women who became pregnant after inferior pedicle reductions lactated, although 65% of the 
women didn’t breastfeed for various personal reasons.

15. How has the postoperative hospital stay changed over the last 10 years?
The stay has changed from over a week with the patient’s arms secured to prevent movement a couple of 
decades ago, to overnight or outpatient status. The patient is allowed to cautiously use her arms almost 
immediately.

16. Is autologous blood donation recommended?
Not anymore. The use of electrocautery, careful hemostasis, and epinephrine-containing solutions has made the loss 
of large amounts of blood a rare event.

17. Are drains necessary?
Many surgeons still use drains for several days (until the drainage decreases to a certain level), others remove them the 
next morning, and others do not use them at all.

18. Are patients satisfied with their results?
This procedure has excellent long-term patient satisfaction, despite the scars. In most series, more than 95% of 
patients would have the surgery again and would recommend it to others. They are more comfortable buying clothes 
and exercising, and they feel better about their self-images. The majority of patients report a postoperative decrease in 
physical symptoms.

19. When are free nipple grafts recommended?
This technique is usually reserved for patients with massive gigantomastia. The procedure tends to produce 
inferior nipple projection and sensation and destroys lactation potential, but it is very quick. Elderly patients (with 
no need for lactation) and patients with medical problems/poor health have traditionally been candidates. Patients 
with gigantomastia have a greater risk of nipple/areolar necrosis (and necrosis of the distal pedicle) with pedicle 
techniques and are believed to be candidates. Many believe that a better breast shape can be obtained with the 
free nipple graft technique. Poor nipple/areolar perfusion intraoperatively that is unresponsive to other measures 
is an indication for conversion to a free nipple graft.

20. What is the incidence of occult breast cancer in reduction specimens?
Different studies have reported an incidence ranging from 0.06% to 0.4%. Some of the studies predate screening 
mammograms. It is extremely important to carefully record from where breast tissue is removed. It is a disaster to 
receive a report of an occult malignancy and to not know from which breast it came!

21. What are the most common complications of reduction mammaplasty?
 • Asymmetry
 • Not enough tissue removed
 • Too much tissue removed
 • Poor shape
 • Poor scarring
 • Delayed healing at base of the inverted T incision
 • Change in nipple/areolar sensation
 • Infection
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 • Partial/total loss of nipple
 • Skin loss/necrosis
 • Fat necrosis

22. Do nipple grafts regain sensation? Erectile capacity?
Yes, nipple grafts regain sensation to varying degrees (even transverse rectus abdominis myocutaneous flaps can regain 
some sensation). Erectile capacity is sometimes regained, particularly if the graft is thick and contains smooth muscle 
tissue.

23. How can nipple viability be determined intraoperatively?
Pale-skinned women with light nipple color usually can be evaluated visually, looking for a healthy pink color, and 
by assessment of capillary refill. White or dark nipple color is indicative of poor blood supply and venous congestion, 
respectively. Seeing if the cut edges bleed or poking a large-gauge needle into the tissue and looking for bright red 
blood also can help.

Dark-skinned women can present more of a challenge, and visual inspection can be supplemented with fluorescein 
and/or laser Doppler evaluation. Laser Doppler perfusion values that are consistently 1 to 2 mL/min per 100 g indicate 
marginal perfusion and should be followed closely. Values less than 1 mL/min per 100 g are considered to indicate low 
perfusion and need to be addressed.

24. What do you do if the nipples look compromised?
Try releasing some incisions and checking to see if the pedicle is kinked. If the pedicle is not twisted and releasing 
some incisions revives the nipples, the closure may be too tight. In some cases this can be remedied by removing more 
breast tissue either by an open technique or by liposuction. If no maneuvers improve the dire condition of the nipple or if 
Doppler readings remain less than 1.0 mL/min per 100 g, you can consider conversion to free nipple grafts. Successful 
leech use in the postoperative period has been reported.

25. What do you do with those lateral dog ears?
The inverted T incision often leaves large lateral dog ears, especially in heavy women with large breasts that may 
appear to continue back to the scapula. Large incisions in this area can be very disappointing, especially to the young 
patient who wishes to wear a bikini. Standard methods of eliminating dog ears at wound ends can be used along with 
attempts to work the excess skin medially. Liposuction of this dog ear often is beneficial but may be difficult because of 
the fibrous nature of the lateral chest. In these cases UAL can be extremely efficacious (controversial).

26. What about medial dog ears?
The inverted T incision can often leave dog ears here, too, on very large, wide breasts. You generally try to work the 
excess tissue medially. However, if this is impossible, in certain cases it is acceptable to extend the incisions across the 
midline and connect them. Again, liposuction (SAL or UAL) can be useful, bearing in mind the increased propensity for 
sternal wounds to become hypertrophic.

COntROveRsY

27. Are the patients’ chances of developing breast cancer affected by breast reduction?
Perhaps. Recent studies suggest that patients with large breasts are at an increased risk for breast cancer and that 
breast reduction may decrease the risk (relative risk 0.2 to 0.7 compared with controls). This may be due to the removal 
of potential foci of breast cancer. Some studies show a correlation between decreasing amount of risk and increasing 
amounts of tissue removed; others showed decreasing risk in women older than 40 years at the time of surgery or 
women with a positive family history. Another explanation is that women with large breasts tend to have a high body 
mass index (BMI). Increased BMIs are associated with more fatty tissue and elevated peripheral estrogen production. 
This is associated with an increased breast cancer risk in postmenopausal women.
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Mastopexy 68

 1. What defines an aesthetically pleasing breast?
Opinions about what defines the ideal breast vary greatly among different societies and subcultures. The average or 
normal breast may not coincide with an aesthetically pleasing breast. Furthermore, patients occasionally request that 
you surgically alter their breast into a form that may be both unnatural and aesthetically unpleasing. However, certain 
criteria define the aesthetically pleasing breast. Variables of particular importance are position, contour, symmetry, size, 
and proportion of both the breast mound and nipple–areolar complex. Tactile aspects are as significant as visual ones, 
including softness, mobility, and sensibility.

 2. Describe the form and dimensions of the normal breast.
The breast is best situated on the anterolateral chest wall, with the majority of its mass or fullness located in the inferior 
hemisphere. The lines of contour should converge smoothly on the nipple–areolar complex, which serves as the focal 
point of the breast. The inferior hemisphere should have a full convexity spanning from the areola to the inframammary 
fold (a distance of approximately 5 to 6 cm from the inferior areolar edge to the inframammary fold), whereas the 
superior hemisphere should possess less volume and have only a subtle, sloping convexity on the lateral view (spanning 
a distance of approximately 19 to 21 cm from the sternal notch to the nipple). A small amount of ptosis is natural 
and pleasing. The nipple–areolar complex projects slightly from the underlying breast mound on an inclined plane. It 
represents the point of maximal projection of the breast and is located slightly inferior and lateral (to the midclavicular 
line) on the breast mound. As breast volume increases, the nipple–areolar complex moves more inferiorly and laterally. 
The diameter of the areola should be approximately 35 to 45 mm, depending on the overall size of the breast. The size 
of the breast should be in proportion to the patient’s chest, torso, hips, and buttocks. Full cleavage, which is desired by 
many patients, in reality results only from external forces, such as a brassiere. Attempts to create such full cleavage 
require unacceptable compromise to other aesthetic factors of the breast. Despite the fact that true symmetry between 
both breasts is rare, symmetry is extremely important for a good aesthetic outcome. Preoperative asymmetries must 
be studied and made known to the patient, because often symmetry can be only approached at best; in some cases, 
preexisting asymmetries are even more evident after surgery.

 3. Describe the developmental phases of the breast
The breast originates from the ectoderm. The milk line and subsequently the milk ridge are formed at approximately 
the fifth week of intrauterine life. Prior to involution, the milk ridge gives rise to the ectodermal milk hill. Incomplete 
involution of the milk ridge results in supernumerary nipples and accessory breast tissue. The milk hill vascularizes and 
forms the mammary structures. After birth, with the withdrawal of maternal steroids and the decline of fetal prolactin, 
the mammary tissues are not altered again until adolescence. Under multiple hormonal influences, the breast begins to 
grow and differentiate. During adolescent development there is usually no breast ptosis. Development continues until 
the woman’s maximal height is attained, typically at the age of 16 years. From this point the breast matures as the 
parenchyma and nipple–areolar complex gravitate inferiorly and laterally, with continued superior hemisphere (upper 
pole) flattening and settling of the breast fullness into the inferior hemisphere. At menopause, the breast undergoes 
significant glandular involution and a decrease in vascularity. Glandular tissue is reduced and fat content is increased. 
Thus the youthful appearing breast is full and uplifted, whereas the aging breast is flattened and ptotic. Breast ptosis, a 
relentless process, is a sign of aging.

 4. What are the supporting structures of the breast?
The skin envelope and fascial attachments (Cooper’s ligaments) are the major supporting structures of the breast. 
The thickness and quality of the skin brassiere greatly contribute to the support of the breast and, thus, to breast 
shape. The quality of skin is affected by aging, hormonal influences (cyclic engorgement), and physical forces, such 
as gravity and expansible factors (weight gain, pregnancy, prosthetic expansion). Thin skin with loss of elasticity will 
not support the weight of the breast, resulting in ptosis. Striae, found typically in the supraareolar and periareolar 
areas, are the result of tears in the dermis and represent thin, inelastic skin. Skin of poor quality may lead to less 
than optimal aesthetic results and earlier recurrence of ptosis. Suspensory ligaments of Cooper are connective tissue 
attachments that run from the deep fascia underlying the breast through the parenchyma and attach to the overlying 
dermis. Cooper’s ligaments provide parenchymal support. As with skin, loss of elasticity or attenuation of these 
ligaments results in ptosis.
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 5. What are the characteristics of a ptotic or sagging breast?
The ptotic breast is characterized by the inferolateral descent of both the glandular breast and the nipple–areolar 
complex. In the early stages of ptosis, the nipple–areolar complex and gland descend at the same rate. More advanced 
stages of breast ptosis are marked by a nipple–areolar complex descent out of proportion to the glandular descent. 
Thus the nipple–areolar complex assumes a dependent position on the lower pole convexity of the breast rather 
than the youthful position at the point of maximal projection higher on the breast mound. As the breast parenchyma 
moves downward, the upper hemisphere or pole of the breast becomes flatter, with loss of significant breast volume. 
Attentuation of both the skin and Cooper’s ligaments results in redundant, loose, inelastic skin with striae. In addition, 
the breast has considerable increased mobility on the chest wall. The tendency toward increased fat content after 
lactational or menopausal glandular involution results in a breast that is less firm.

 6. What factors contribute to breast ptosis?
Although hypertrophic breasts certainly exhibit ptosis, breast ptosis usually is associated with the combination of 
volume loss and compromise of the skin brassiere. Loss of breast volume commonly results from significant weight 
loss, postpartum atrophy, or postmenopausal involution. Gravity exerts a continual ptotic pull on the breast, elongating 
Cooper’s ligaments and stretching the skin. Heavy mammary prostheses contribute to ptosis. The quality of the skin is 
influenced by a number of factors, such as aging. Simple cyclic or lactational engorgement, weight gain, and expandable 
prosthetic devices may stretch the skin detrimentally. Thin, inelastic skin creates an ineffective natural brassiere.

 7. Describe the classification system for grading breast ptosis.
The classification system set forth by Regnault is perhaps the most useful. This system and similar modifications focus on 
the position of the nipple–areolar complex relative to the inframammary fold and breast mound. The patient should be in 
an upright standing position. First-degree or minor ptosis is defined as location of the nipple–areolar complex at or slightly 
above the inframammary fold and above the lower hemispheric convexity of the breast. Second-degree or moderate ptosis is 
defined by descent of the nipple–areolar complex to a position below the inframammary fold, but it is situated on the anterior 
projection of the breast mound. Third-degree or major ptosis is defined by a nipple–areolar complex that is not only below the 
inframammary fold but also on the dependent position of the inferior convexity of the breast mound. In severe forms of 
third-degree ptosis, the nipple points directly downward. In pseudoptosis, the nipple–areolar complex remains above the 
inframammary fold, the breast mound descends below the inframammary fold, and other characteristics of breast ptosis are 
present, such as glandular hypoplasia. Glandular ptosis refers to an otherwise normal breast (with the nipple–areolar complex 
at or above the inframammary fold) except that the breast mound or glandular portion has descended below the inframammary 
fold. The degree of breast ptosis is an extremely important consideration in choosing an operative technique for correction.

 8. What are the goals of mastopexy?
Mastopexy is a surgical procedure that attempts to reverse the normal progression of breast ptosis, thus restoring the 
breast to a more youthful form. Some breasts never enjoy a full, nonptotic appearance, even in youth. Important in the 
management of breast ptosis are not only the particular abnormalities of the patient’s breast but also her desires and 
expectations. The goals of mastopexy are to reposition the nipple–areolar complex, to reposition the breast mound and 
optimize its contour and volume, to remove redundant skin and tighten the skin brassiere, and to provide support for the 
breast in a lasting manner. Mastopexy techniques, which have paralleled the evolution of breast reduction techniques, 
are also used to treat congenital deformities (e.g., tubular breasts), correct asymmetries (congenital or acquired), and 
optimize the aesthetic outcome after explantation of augmented breasts.

 9. Are the effects of mastopexy permanent?
No. As soon as the mastopexy procedure is completed, ptotic forces, such as aging and gravity, resume their relentless 
attack on the breast.

 10. What are the major drawbacks to mastopexy?
Compared with other aesthetic breast procedures, mastopexy is particularly challenging and full of compromise:

 • Mastopexy requires that incisions be made directly on the breast. Depending on the degree of ptosis and 
mastopexy technique, the scars may be quite extensive. The patient must be willing to accept the extent of scars 
as a tradeoff for a more youthful and aesthetically pleasing breast.

 • The effects of surgery are only temporary (even though the scars are permanent).
 • The medium for surgical manipulation most often includes thin, inelastic skin of poor quality and involuted breast 
parenchyma with attenuated internal support and frequently decreased vascularity.

 • The inherent upper pole flatness of the ptotic breast cannot be addressed by simple mastopexy alone; correction 
typically requires an implant.

 • Although mastopexy delivers a more uplifted breast, the necessary repositioning and redraping of the breast makes 
the breast appear smaller.

 • In addition to nonspecific problems such as tissue loss, hematoma, seroma, and infection, loss or alteration of 
sensibility is always a possibility.
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11. What are the advantages and disadvantages of implants after mastopexy?
The addition of an implant can enhance size and contour. Of interest, an implant also increases the longevity of the 
uplifting effects of mastopexy and often reduces the length of incisions needed to perform an adequate mastopexy. 
However, the skin envelope of a ptotic breast may not be able to handle adequately the weight and possible expansibility 
of an implant. Furthermore, the addition of an implant brings with it the associated complications and risks of breast 
prostheses. A tightened breast without an implant also loses some projection.

12. How are scars tolerated on the breast?
Because scars probably are the greatest drawback to aesthetic breast surgery, there is a constant effort to minimize the 
length of incisions and to place incisions in hidden areas. Decreasing incision length, however, may limit the ability to 
achieve the optimal aesthetic result. Although periareolar and intraareolar incisions are located on the most prominent 
and focused position of the breast, the resultant scars are the most predictable and best tolerated. Areolar scars are less 
likely to become hypertrophic than are inframammary scars. Areolar scars still may be subject to significant widening if 
placed on tension. In addition, intraareolar scars are unpigmented; therefore they may be readily apparent on a darkly 
pigmented areola. A median inferior longitudinal (vertical) scar is generally well tolerated on the breast compared with 
the inframammary horizontal scar. Scars on the thorax typically are unpredictable and often unsightly, especially scars 
that approach or encompass the sternal region, such as an overextended medial limb of an inframammary incision. All 
attempts should be made to keep incisions off the superior hemisphere of the breast and the medial lower quadrant 
because these areas often are not covered by clothing.

13. What are the blood supply and innervation to the breast?
Familiarity with breast anatomy is paramount to achieving optimal results, preserving sensibility, and avoiding 
complications, especially in reoperative surgery. The three main routes of arterial blood supply to the breast are 
the internal mammary artery, lateral thoracic artery, and intercostal arteries. The dominant supply originates from 
the internal mammary artery (approximately 60%), a branch of the subclavian artery. The internal mammary artery 
gives off perforating vessels that enter the breast approximately 2 cm lateral to the sternal edge. The nipple–areolar 
complex depends on the underlying breast parenchyma and an enhanced subdermal plexus for its blood supply. 
This dermal blood supply is fed chiefly by the lateral thoracic artery with significant contributions from anastomosing 
internal mammary vessels. Postmenopausal (often ptotic) breasts have decreased blood flow. Smoking, diabetes, and 
atherosclerosis contribute to decreased blood flow. In reoperative surgery, every attempt must be made to establish the 
precise nature of previous operations. Cutting across a previous flap carries the risk of vascular compromise. Innervation 
to the nipple–areolar complex is primarily from the fourth anterolateral intercostal nerve, which travels lateral to medial 
beneath to deep fascia before coursing upward through the breast parenchyma to innervate the nipple and areola. 
The third and fifth anterolateral intercostals (along with their medial counterparts) also contribute to the overlapping 
innervation of the nipple–areolar complex. In evaluating the breast parenchyma from the pectoralis, care must be taken 
not to dissect too far laterally because of the risk of nipple denervation.

14. What are the pertinent anatomic features in planning a mastopexy procedure?
All of the following anatomic features must be examined before undertaking a mastopexy: degree of ptosis and 
nipple–areolar position; breast volume; distribution of breast volume; breast contour; length, position, and definition 
of the inframammary fold; lower pole constriction; quality of the skin; fascial attachments (breast mobility); lateral 
breast/chest folds; and symmetry. Of these features, the degree of breast ptosis predominantly dictates which form of 
mastopexy is best suited to achieve the optimal aesthetic goals.

15. What are the various surgical options available for treatment of breast ptosis?
The “breast lift” is perhaps the most difficult aesthetic breast procedure. The fact that the breast needs to be lifted 
means that the tissues with which the surgeon will be working are of poor quality. Furthermore, the myriad of 
techniques that exist for correction of breast ptosis demonstrate the large variation in degrees of breast ptosis and 
underscore the fact that no one technique is ideal. Treatment must be individualized. In general, surgical options 
for mastopexy are characterized by the manner or pattern in which redundant skin and breast tissue is removed or 
tightened. Typically, the addition of a breast implant to the mastopexy procedure enhances the result significantly. 
The purpose of the implant is not so much about making the breast larger but more about adding fullness to the 
upper pole of the breast. Lifting the breast alone will not add any volume to the upper pole of the breast. The 
augmentation mastopexy is inherently difficult to perform because the augmentation and the lift have opposing 
goals. The augmentation enlarges and stretches the breast and maintains a downward vector. The lift tightens 
the breast and maintains an upward vector. If an implant is used, the breast should be augmented before the final 
nipple–areolar complex position is defined because augmentation decreases the amount of ptosis and thus changes 
the optimal position of the nipple–areolar complex. Attempting to correct true breast ptosis with an implant alone 
requires the use of large-volume implants that may be aesthetically unpleasing and do not adequately address the 
ptosis. In addition, without the necessary skin tightening, the native ptotic breast may hang over the less mobile 
and higher positioned breast implant. This postoperative contour deformity, termed a “double bubble,” is not easily 
corrected.
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Typically, the degree of ptosis, along with nipple position and magnitude of breast atrophy, will determine the choice of 
surgical technique. The nipple–areolar complex can be moved and the breast tightened by circumareolar skin excisions. 
For greater degrees of breast ptosis with more skin redundancy, in which the nipple–areolar complex must be moved 
a farther distance, a vertical excision component is added. As the degrees of ptosis increase, a horizontal excision 
component (placed at the most inferior point of the vertical excision) is often added, ultimately resulting in a full inverted T 
incision. Also, excision of inferior pole breast tissue and fat is often indicated to minimize both the tension on the vertical 
limb of the excision and the likelihood of postsurgical “bottoming out” of the breast. Hence the typical surgical options 
for ptosis correction are augmentation only, circumareolar mastopexy, circumareolar excision with a vertical excision 
component, and circumvertical excision with a short or full inverted T excisional component. Each of these procedures 
can be performed with or without an implant and/or excision of lower pole breast tissue (Figs. 68-1 and 68-2).

16. What is a Benelli mastopexy?
A donut mastopexy refers merely to a concentric skin excision around the areola; the outer dermal circumference is 
reapproximated to the areola. A Benelli mastopexy refers to a method of pursestringing the outer dermal circumference 
with a strong nonresorbable suture. This maneuver eliminates the tension placed on the areola by a donut mastopexy. 
The addition of the pursestring or “round block” overcomes many of the inherent problems of previous forms of 
concentric mastopexies, thus expanding their indications and optimizing their results. A Benelli mastopexy, in the 
strictest sense, includes a remodeling of the breast parenchyma by pexying the retroglandular surface to underlying 
periosteum at the aponeurotic prepectoral level in a crisscross fashion.

17. What is tailor-tacking?
Tailor-tacking allows the surgeon to view the result before making any incisions. Proposed areas of resection or 
deepithelialization are simply invaginated and the outer edges are tacked together, usually with staples, to simulate a 
resection with edge-to-edge closure. When the desired result is achieved, the outer edges are marked, the tacks are 
released, and all areas within the marks are identified for removal. This method is particularly useful for determining the 
correct position for the nipple–areolar complex.

18. What is meant by a constricted breast or inferior-pole hyperplasia?
In a constricted breast the inframammary fold is tight and elevated. Because of a deficiency of lower pole skin and 
breast tissue, the distance between the lower edge of the areola and the inframammary fold is short. As a result, 
the upper pole rotates over the high, tight inframammary fold. The appearance suggests constriction and ptosis. The 
ptosis is not related to an inferiorly descended nipple–areolar complex but rather to a higher inframammary fold and 
inferior breast hypoplasia. Correction includes releasing and lowering the fold, along with radial releases inferiorly and 
expansion inferiorly. Severe constriction is represented by the tubular breast.

Figure 68-1. For minor ptosis, the 
circumareolar excision with a vertical ellipse 
tightens the skin and lifts the nipple without 
the need for an inframammary incision. 
This incision can be shortened because the 
vertical component is used primarily to close 
the defect from the transposed nipple–areola. 
It also tends to shorten with postoperative 
scar contraction. (From Bostwick J: Aesthetic 
and Reconstructive Breast Surgery. St. Louis, 
Mosby, 1983, p 234.)
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Figure 68-2. For moderate ptosis, 
the circumareolar excision with a 
vertical and short horizontal ellipse 
produces a short inframammary 
scar and tightens the breast while 
shortening the inframammary 
distance. (Modified from Bostwick J: 
Aesthetic and Reconstructive Breast 
Surgery. St. Louis, Mosby, 1983, 
p 235.)
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19. What are the common complications of mastopexy?
Complications common to mastopexy are recurrent ptosis, nipple–areolar complex asymmetry, breast asymmetries, 
upper pole flattening, poor scarring, and nipple–areolar necrosis. Most complications are the result of poor planning. 
Nipple–areolar complexes that are malpositioned superiorly are particularly troublesome because it usually is necessary 
to place scars on the superior hemisphere to lower the nipple–areolar complex.
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Diseases of the Breast

 1. What are the incidence, risk probability, and mortality for female breast cancer? 
Does radiation increase survival?
In 2004, it was estimated that 215,000 new cases of invasive breast cancer would be diagnosed and that 40,010 women 
would die of the disease. The incidence of breast cancer depends on whether a woman is in an average risk group or an 
increased risk group. Women at average risk have a 10% to 14% chance of having breast cancer by age 90 years.

 2. Which factors are known to increase the risk of breast cancer? What factors are 
known to decrease the risk of breast cancer?
The strongest risk factor for the development of breast cancer is age. Race plays a role in risk as well, with whites 
having a higher risk than other racial groups. Breast cancer risk also is increased by nulliparity, high levels of combined 
exogenous estrogen and progestin, hyperplasia or proliferative pathology on previous breast biopsy, prior breast cancer on 
the contralateral side, greater breast tissue density, physical inactivity, and prior radiation exposure. Breast cancer risk is 
reduced by young age at first live birth. Oral contraceptive use is not associated with increased risk of breast cancer.

 3. Can breast cancer be inherited? What is the increased risk if a woman carries 
BRCA1, BRCA2, or both?
From 5% to 10% of female breast cancers occur in women with genetic risk factors. In families with susceptibility to both 
breast and ovarian cancer, mutations in BRCA genes are present in nearly 100% of these patients. Mutations in BRCA genes 
are responsible for nearly half of familial breast cancers. Estimated lifetime risk of breast cancer is 85% for mutations of 
BRCA1 and BRCA2 genes. The vast majority of breast cancers occur in women with no family history of the disease.

 4. What is ductal carcinoma in situ? Is it a precancerous state? What is the risk of 
invasive cancer? What is the treatment? What about lobular carcinoma in situ?
Ductal carcinoma in situ (DCIS) is a precursor of invasive cancer. The risk for developing invasive cancer is considered 
to range from 30% to 50% over 10 years. The gold standard treatment is total mastectomy. Because of the success in 
using conservation therapy for invasive cancer, this treatment is being applied to DCIS. The National Surgical Adjuvant 
Breast and Bowel Project-17 (NSABP-17) is examining lumpectomy versus lumpectomy and radiation therapy. Early 
data reveal a significant decrease in event-free survival and invasive cancer with radiation therapy. However, there is no 
change in overall survival and distant disease.

Lobular carcinoma in situ (LCIS) is a marker rather than a precursor for invasive cancer. It carries a 10% to 37% 
risk of breast cancer, with most incidences occurring more than 15 years later. Fifty to sixty-five percent of the 
invasive cancers are not lobular but ductal in origin and can occur in either or both breasts. If operative intervention 
is chosen, anything less than total mastectomy is inappropriate because the disease process is multicentric and 
often bilateral.

 5. When should a woman begin mammographic screening? Are there exceptions? Has 
routine mammography reduced mortality?
The American Cancer Society recommends annual mammography for women beginning at age 40 years. If a woman 
has had thoracic radiation, she should undergo mammography 8 to 10 years following radiation or at age 40 years, 
whichever is earliest. Women with known BRCA1 and/or BRCA2 mutations should begin screening mammography 
at age 25 years. It is clear that screening mammography does reduce mortality, with some Swedish trials showing a 
reduction of up to 44%.

 6. What features make a mammographic lesion suspicious for malignancy? Do all 
lesions require biopsy?
Suspicious lesions consist of fine microcalcifications and/or density lesions such as masses, architectural distortions, 
and asymmetries. Microcalcifications that are fine, branching, clustered, pleomorphic, and numerous are most 
suspicious. Masses that are stellate and irregular also are most suspicious. The combination of such masses with 
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microcalcifications gives the highest yield for malignancy. Any suspicious lesions should be biopsied with needle 
localization or stereotactic core needle biopsy if available. Lesions deemed less suspicious by the surgeon and 
radiologist may be followed closely by mammography.

 7. Is there a role for fine-needle aspiration for palpable breast masses? Is there a role 
for mammography?
Yes. Fine-needle aspiration (FNA) is an inexpensive, quick, and easy technique to differentiate solid from cystic masses 
with low morbidity. If nonbloody fluid is obtained and the mass disappears, the patient can be followed closely by 
physical examination and mammography. If the fluid is bloody or the mass persists or recurs after two aspirations, the 
patient should undergo open biopsy. The fluid should also be sent for cytologic evaluation. If no fluid is found, the mass 
is assumed to be solid, and the patient should undergo outpatient open biopsy. If the cytology specimen is positive, 
the patient may undergo a one-step procedure that includes open biopsy and frozen section confirmation prior to 
conservation therapy or mastectomy. However, a two-step approach is preferred.

Mammography should be obtained in all women over 30 years of age with a palpable breast mass. The combination of 
physical examination, mammography, and FNA yields a diagnostic accuracy approaching 100%.

 8. What is the diagnostic accuracy of physical examination, mammography, and FNA 
combined?
100%.

 9. What are the borders of the axilla?
 • Anterior Wall: Pectoralis major, subclavius, and pectoralis minor muscles and clavipectoral fascia
 • Posterior Wall: Subscapularis, latissimus dorsi, and teres major muscles
 • Medial Wall: Upper four or five ribs and the intercostal spaces covered by the serratus anterior muscle
 • Lateral Wall: Coracobrachialis and biceps muscles

 10. Which nerves can be identified during an axillary lymph node dissection? What is 
their role?
The intercostobrachial nerve supplies sensory innervation to the upper medial aspect of the arm and is preserved if 
possible.

The long thoracic nerve (respiratory nerve of Bell) originates from roots C5, C6, and C7 of the brachial plexus 
and provides motor stimulation to the serratus anterior muscle. It usually can be found adjacent to the lateral thoracic 
artery’s origin and runs along the serratus anterior. Transection results in a “winged scapula.”

The thoracodorsal nerve originates from the posterior cord of the brachial plexus and usually can be found posterior 
to the origin of the subscapular vessels. It provides motor innervation to the latissimus dorsi muscle and should be 
preserved unless it is encased in tumor. Minimal morbidity is associated with its transection compared with that of 
the long thoracic nerve. However, for myocutaneous flaps that use the latissimus dorsi muscle, the thoracodorsal 
neurovascular bundle must be spared to ensure flap function, form, and viability.

The medial pectoral nerve supplies motor innervation to the pectoralis major muscle, and 40% of the time it wraps 
around the lateral border of the pectoralis minor muscle. This nerve should be spared.

11. What features on presentation suggest a hereditary breast cancer?
Early onset (age <40 years), ovarian cancer combined with a family history of ovarian or breast cancer, breast and 
ovarian cancer in the same woman, bilateral breast cancer, male patient with breast cancer.

12. How does tamoxifen work? Who benefits? How much?
Tamoxifen is a selective estrogen receptor modulator (SERM). It blocks the estrogen receptors on breast tissue. Women 
who are at high risk greatly benefit from tamoxifen therapy. It can reduce by half the chance of developing breast cancer 
over 5 years in high-risk women (age >60 years, history of LCIS, or predicted risk of 1.6% by the Gail model). It also is 
more beneficial in women who have estrogen receptor–positive tumors.

13. What is the STAR trial?
STAR is the Study of Tamoxifen and Raloxifene. Raloxifene acts similar to tamoxifen, but it is not approved by the Food and 
Drug Administration (FDA) for chemoprevention of breast cancer as of 2005. Raloxifene has already been deemed safe by 
the FDA for use in reducing bone density loss in women, so it is a reasonable medication for examining chemoprevention 
effects on breast cancer as well.
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14. What are the current controversies surrounding chemotherapy benefit in female 
patients with breast cancer?
Optimal chemotherapy regimen, number of chemotherapy cycles, timing of adjuvant chemotherapy, sequencing of 
adjuvant radiotherapy and chemotherapy, and duration of hormonal therapy.

15. What are the most common areas of recurrence?
Locally, breast cancer recurs in the breast and regional lymph nodes. Distant metastases can affect almost any 
site. The most common are lung, liver, bone, and, less commonly, gastrointestinal tract, adrenals, brain, and soft 
tissues.

16. What is trastuzumab?
Trastuzumab is a recombinant deoxyribonucleic acid (DNA)-derived humanized monoclonal antibody that 
selectively binds to the extracellular domain of HER2. It was approved by the FDA for metastatic breast cancer 
therapy in 1998.

17. What is the American Joint Committee on Cancer (AJCC) 5-year survival rate for 
breast cancer?
In patients diagnosed with breast cancer between 1995 and 1998, the stage-by-stage survival is stage 0, 100%; 
stage I, 100%; stage IIA, 92%; stage IIB, 81%; stage IIIA, 67%; stage IIIB, 54%; and stage IV, 20%.

18. What is the most common solid breast mass in women younger than 30 years? Does 
this lesion have malignant potential?
The most common solid breast mass in this age group is a fibroadenoma, a benign tumor composed of both stromal 
and epithelial elements. Women may be managed with FNA and observation or excisional biopsy, depending on the 
patient’s age.

19. What are the most common organisms cultured from nipple discharge in a woman 
with a breast abscess? What is the treatment?
Staphylococcus aureus and streptococci. Most abscesses are subareolar and occur within the first few days of 
breastfeeding. Treatment is conservative and combines broad-spectrum antibiotics, warm soaks, and a mechanical 
breast pump. More serious infections may require intravenous antibiotics and incision and drainage. The incisions 
should be small and circumareolar for optimal cosmesis.

20. A woman presents with diffuse, bilateral breast pain associated with her menstrual 
cycle. Palpation reveals multiple nodular irregularities. What is the disorder? Is it 
premalignant?
Fibrocystic disorder. It is not a premalignant state unless it is associated with atypia. Thirty percent of fibrocystic change 
is proliferative with cellular atypia. If a dominant mass is present, it should be aspirated and treated like any other 
suspicious cyst or mass.

21. What is Her2? Why is it important?
Her2, also known as c-erbB-2 or HER2/neu, is a tyrosine kinase epidermal growth factor receptor. It regulates cell 
growth, and when overexpressed it increases growth and reproduction of cells. It is associated with shorter survival, 
higher recurrence, and poorer response to both chemotherapy and hormone-based therapies.

22. What is p53? Why is it important?
p53 is the first mutant gene found in tumors, in 1979. It is transcribed into a nuclear protein that has a 
role in DNA repair and orderly cell death (apoptosis). When functioning correctly it inhibits proliferation and 
angiogenesis. Patients with high levels of abnormal p53 have poorer overall outcomes and lower disease-
free survival rates. Regional radiation therapy increases survival in breast cancer cases with p53 mutations 
compared to the wild type.

23. Besides BRCA1 and BRCA2, name three other autosomal dominant syndromes that 
carry an increased risk of breast cancer.
Li-Fraumeni syndrome, Cowden disease, and Peutz-Jeghers syndrome.

24. What is atypical hyperplasia? Does it increase the risk of breast cancer?
Atypical hyperplasia is a histologic entity that increases risk of breast cancer if found on biopsy. The two types of atypical 
hyperplasia are lobular and ductal. Atypical ductal hyperplasia increases risk by fourfold to fivefold. Atypical lobular hyperplasia 
increases risk by fourfold to 10-fold.
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25. What is the Gail model? What are its limitations?
The Gail model is a breast cancer risk assessment tool developed in 1989 based on data from the Breast Cancer 
Detection Demonstration Project. It is used to estimate a woman’s 5-year and lifetime risk of invasive breast cancer.

The Gail model can underestimate the contribution of family history because it includes only first-degree relatives, it 
does not include paternal history, and it does not capture ovarian malignancy (a potential genetic marker for increased 
risk in BRCA gene carriers).

26. What is chemoprevention?
Chemoprevention is the use of medications to lower the risk of breast cancer.
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Maurice Y. Nahabedian, MD, FACS

Breast reconstruction

 1. What are the options for breast reconstruction following mastectomy?
At present, a breast can be reconstructed by two methods: implants and autologous tissue. Factors associated with 
implant reconstruction include timing, method of reconstruction, and filler material. The reconstruction can be performed 
immediately at the time of mastectomy or on a delayed basis, it can be performed in one or two stages, and it can 
include implants filled with saline or silicone gel. The principal methods of breast reconstruction using autologous 
tissue include the latissimus dorsi musculocutaneous flap, the transverse rectus abdominis musculocutaneous (TRAM) 
flap, and the various perforator flaps. Perforator flaps are the most recent advance; they tend to minimize donor site 
morbidity by preserving the muscles.

 2. What are the indications for prophylactic mastectomy, and why is the incidence 
increasing?
The preventative reasons for prophylactic mastectomy include a history of breast cancer, a family history of breast 
cancer, positive genetic testing, and alleviating the fear of developing breast cancer. These reasons along with 
the fact that current techniques of breast reconstruction are so effective have prompted many women to opt for 
prophylactic mastectomy. The options for breast reconstruction are unchanged and include one- and two-stage implant 
reconstruction and the use of autologous tissue.

 3. Why do some women have an immediate reconstruction and others a delayed 
reconstruction?
The primary advantage of immediate reconstruction is that the aesthetic outcome usually is improved because the 
natural breast contour is preserved. Given that the risk of recurrence is the same for women with and those without 
reconstruction and that breast reconstruction does not impede the ability to detect a recurrence, the incidence of 
women seeking immediate reconstruction has increased. Current indications for immediate reconstruction include 
women with stage I and stage II breast cancer. The indications for delayed reconstruction generally include women with 
advanced breast cancer who are at significant risk for local recurrence. These include women with inflammatory cancer, 
ulcerated tumors, and metastatic disease as well as women who are certain to receive postoperative radiation.

 4. What are the best methods of surveillance following breast reconstruction in women 
with a history of breast cancer?
Recommendations for surveillance include careful examination of the cutaneous surface of the breast for nodularity, 
discoloration, or skin retraction. This is sufficient for the majority of women following immediate or delayed 
reconstruction. In women with a history of advanced breast cancer (stages III and IV) or in women with deep-seated 
tumors that approximate the pectoralis major muscle, adjuvant means such as magnetic resonance imaging, ultrasound, 
or mammography may be necessary.

 5. Is there an optimal time to perform breast reconstruction in the setting of radiation 
therapy?
For the reconstructive surgeon, the beneficial effects of radiation therapy must be weighed against the untoward effects, 
which include perivascular and soft tissue fibrosis, delayed wound healing, cutaneous pigmentation, and contracture. 
When radiation is necessary, the usual recommendation is to delay reconstruction for 6 to 12 months following its 
completion. The combination of radiation and implant reconstruction is associated with a higher incidence of failure; 
therefore autologous reconstruction is often preferred. Autologous reconstruction tolerates the effects of radiation 
relatively well, although some shrinkage and fibrosis can occur.

 6. What is a TRAM flap?
The TRAM (Transverse Rectus Abdominis Musculocutaneous) flap incorporates skin, fat, and variable amounts of the 
rectus abdominis muscle from the lower abdomen to reconstruct a breast. The blood supply of the flap can be based on 
the superior epigastric (pedicle TRAM) or the inferior epigastric (free TRAM) artery and vein. The free TRAM flap is 
generally indicated for women with increased risk factors, such as elevated body mass index (BMI) and tobacco use.
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 7. What is the delay procedure, and when should it be used?
The delay procedure is a surgical technique by which the perfusion to the adipocutaneous component of a pedicle TRAM 
flap can be improved. The operation usually is performed 2 to 3 weeks prior to the scheduled TRAM flap. It involves 
ligating the inferior epigastric artery and vein as well as incising a portion of the cutaneous surface of the proposed 
flap outline. The purpose of this procedure is to promote vascular reorganization within the flap such that the principal 
blood supply is derived from the superior epigastric artery and vein. The benefit of this procedure is that it minimizes the 
occurrence of fat or partial flap necrosis.

 8. What is the importance of supercharging?
Supercharging is the process of performing a microvascular anastomosis of the inferior epigastric artery and vein of 
a pedicle TRAM to the thoracodorsal artery and vein. This is sometimes necessary following a pedicle TRAM flap that 
is showing evidence of compromised vascularity, such as venous congestion or arterial insufficiency. The additional 
arterial and venous flow usually will compensate for the inadequate inflow or outflow of the superior epigastric vessel 
within the flap.

 9. What is a perforator flap, and why is it becoming a popular method of breast 
reconstruction?
A perforator flap is a flap consisting of skin and subcutaneous tissue that is perfused by an isolated artery and vein 
that perforates the deep tissues (muscle or fascia). Although a variety of perforator flaps have been described, four are 
currently used for breast reconstruction: deep inferior epigastric perforator (DIEP), superior gluteal artery perforator 
(SGAP), inferior gluteal artery perforator (IGAP), and thoracodorsal artery perforator (TAP) flaps. These flaps all are 
differentiated from their conventional musculocutaneous counterparts in that no muscle is removed with the flap, so 
donor site morbidity is reduced. The DIEP flap is the most commonly performed perforator flap because the abdomen 
usually has a mild to moderate amount of lipodystrophy and is generally considered an excellent donor site.

 10. Are there functional and aesthetic differences between the TRAM flap and the 
DIEP flap?
The pros and cons of performing the TRAM flap or the DIEP flap have been highly debated over the past several 
years. Most studies of the pedicle TRAM flap have demonstrated an incidence of abdominal bulge/hernia between 
1% and 20%, fat necrosis from 5% to 10%, and total flap loss from 0% to 2%. Most studies of the free TRAM have 
demonstrated that the incidence of abdominal bulge/hernia ranges from 1% to 10%, fat necrosis from 5% to 15%, 
venous congestion from 2% to 5%, and total flap loss from 1% to 5%. Most studies evaluating the DIEP flap have 
demonstrated that the incidence of abdominal bulge ranges from 1% to 5%, fat necrosis from 5% to 10%, venous 
congestion from 2% to 10%, and total flap loss from 1% to 5%. Studies also have demonstrated an increase in 
abdominal strength with increasing muscle preservation as demonstrated by the ability to perform sit-ups and by 
isokinetic testing. Thus both methods have their associated risks and benefits, and both methods are capable of 
delivering excellent outcomes.

11. What are the ideal recipient vessels for microvascular breast reconstruction?
The two vascular systems that currently are used are the internal mammary and the thoracodorsal artery and vein. 
The thoracodorsal vessels are preferred following a modified radical mastectomy. The internal mammary vessels are 
preferred following skin-sparing mastectomy and for delayed reconstruction. Advantages of the internal mammary 
include no risk of injury to the intercostobrachial nerve, no associated risk lymphedema, and higher perfusion 
pressure.

12. How can microvascular complications be minimized?
Microvascular complications following free tissue transfer usually are the result of thrombosis of the artery or vein, 
external pressure or kinking of the vascular pedicle, and poor vessel mismatch. Studies have demonstrated, however, 
that the most important factor in preventing thrombosis is meticulous surgical technique; the administration of 
pharmacologic agents such as heparin or dextran is secondary in importance. Attention to the vascular pedicle during 
inset will minimize the occurrence of a kink or twist that can compromise circulation. An end-to-end anastomosis is 
performed in the majority of cases; however, an end-to-side anastomosis may be necessary in the event of caliber 
mismatch.

13. What are the indications for a latissimus dorsi flap?
The latissimus dorsi flap incorporates skin, fat, and muscle from the posterolateral thorax. Although not generally 
considered a “first choice” for most plastic surgeons, it is often used as an alternate for patients with certain body types. 
In general, women who are best suited for a latissimus dorsi flap include women with an elevated BMI and women after 
previous abdominal operations that violated critical zones. Because the adipocutaneous component of the latissimus 
dorsi flap usually is less than what is needed, an implant is sometimes necessary to supplement for the volume 
discrepancy.
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14. What are the indications for breast reconstruction with implants?
Breast reconstruction with implants is a first choice for many women. Reasons include rapid recovery, ability 
to modify breast volume, and avoidance of donor site morbidity. The recovery phase is expedited in terms of 
decreased hospitalization, decreased pain, and an earlier return to activities of daily living compared with autologous 
reconstruction. Implant reconstruction can be performed in one or two stages. One-stage reconstruction usually is 
reserved for women with smaller breasts (A or B cup) or for women who will have a skin-sparing or subcutaneous 
mastectomy. Two-stage reconstruction is the most common method and is used when the mastectomy skin requires 
temporary expansion to obtain the desired volume or symmetry. Once the desired volume is obtained, the expander is 
exchanged for a permanent implant.

15. How does a surgeon decide on the size, shape, texture, and filler material of an implant?
The size of the implant is principally based on the base diameter of the breast, which should correspond to the diameter 
of the implant. The shape or contour of the implant is selected based on the expectation of the woman and the need to 
obtain symmetry. In general, a contour profile implant is used to obtain projection and a round implant is used to create 
ptosis. The surface characteristics of the implant can be smooth or textured. Smooth surface implants will adhere less 
to the surrounding tissues and will slide within the pocket. Textured implants will adhere to the surrounding skin and are 
a characteristic of contour profile devices. The filler material for the implant can be either saline or silicone gel. Silicone 
gel will mimic the natural breast more closely because the material feels much like natural breast tissue.

16. What is the evidence that silicone gel breast implants are safe and effective devices?
Since 1992, the use of silicone gel breast implants has been restricted by the Food and Drug Administration (FDA) 
based on concerns related to autoimmune and connective tissue disorders. The decision to allow all women to have 
the right to choose silicone gel implant is controversial and complex. Over the past 15 years, a number of studies 
have demonstrated that these devices are safe and effective. The Institute of Medicine report of 1999 concluded that 
these devices do not cause cancer, autoimmune disorders, or connective tissue disease and pose no risk to health. 
The National Cancer Institute study of 2004 demonstrated no conclusive evidence that breast implants affect the 
development of connective tissue disease. The Institute of Epidemiology from Denmark demonstrated in 2004 that 
untreated silicone gel implant rupture is a relatively harmless condition that rarely progresses and rarely gives rise to 
notable symptoms.

17. What are the reasons for premature removal of an implant or expander?
Reasons for premature removal of implants include, but are not limited to, rupture, capsular contracture, pain, distortion, 
rippling and wrinkling, infection, delayed healing with or without exposure, and patient dissatisfaction. Patient-related 
factors that can be associated with these factors and increase the risk of failure include chemotherapy, diabetes, 
obesity, radiation therapy, and a history of tobacco use. Fortunately, the incidence of implant failure is generally low. It 
is estimated that approximately 80% to 90% of women will retain their original implant by 5 years. However, it must be 
emphasized that the incidence of failure will increase the longer an implant is in place.

18. How often are secondary procedures necessary following breast reconstruction?
Secondary procedures include reduction mammaplasty, mastopexy, augmentation, recontouring, and implant exchange. 
Studies have demonstrated that secondary procedures are more common following reconstruction with implants, 
performed in 89% of delayed reconstructions and 57% of immediate reconstructions. The incidence is lower with flaps, 
which are performed in 59% of delayed reconstructions and 18% of immediate reconstructions.

19. What are the options for nipple reconstruction?
The final stage in the process of breast reconstruction is the creation of a nipple–areolar complex. The methods for 
reconstructing a nipple are varied and include the use of local flaps, contralateral nipple sharing, and grafted skin from 
remote sites. The most common method is the use of local flaps, which include C-V, skate, star, and bell flaps, to name 
a few. All are based on the concept of adjacent tissue rearrangement. The areola is created by tattooing the skin around 
the nipple and usually is performed 3 months later. The major limitation with all of these techniques is that the nipple 
will flatten by approximately 50%, and sometimes more, in most cases. Current options to improve projection of the 
nipple include secondary reconstruction as well as augmentation using fat, dermis, cartilage, bone, synthetic materials, 
and AlloDerm. These methods have been demonstrated to be useful, resulting in final projections of 4 to 5 mm.

20. Is there evidence that quality of life is improved following breast reconstruction?
The diagnosis of breast cancer can have a significant negative impact on the short- and long-term psychological well-
being of women, often producing depression, fear, and anxiety. The reasons for performing breast reconstruction are to 
improve the self-esteem, self-image, and confidence of women following mastectomy. Studies and personal observation 
have demonstrated that women are generally pleased with the aesthetic outcomes and are able to reintegrate into 
society sooner than women who have not undergone reconstruction. These benefits have been observed regardless of 
patient age, method of reconstruction, and timing of reconstruction.
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John William Little, MD, FACS

Nipple–AreolA recoNstructioN

 1. Should nipple–areola reconstruction be an integral part of breast reconstruction 
or an added option for certain patients?
It should be an integral part of the overall surgical plan for every breast reconstruction. Until a realistic nipple–areola 
has been added, a breast has not been reconstructed—only a breast mound. One of the key psychological benefits of 
breast reconstruction is relief from the daily reminder of mastectomy and its mortal implications. The more realistic the 
reconstruction, the more likely the relief. Nipple–areola reconstruction contributes greatly to such realism. In truth, if the 
majority of a surgeon’s patients do not elect nipple–areola reconstruction, the results of the breast mound reconstruction 
probably are not very good. A previous study confirms a high correlation between the presence of a nipple–areola and 
the patient’s overall satisfaction with breast reconstruction to a level that is statistically highly significant. In addition, the 
morbidity for the procedure is negligible.

 2. Should nipple–areola reconstruction be performed at a second stage after primary 
reconstruction of the mound?
Generally, yes, if there is reasonable symmetry between the breasts at the second stage. If significant additional 
work will be required on the breast mound or on the contralateral breast to improve symmetry at the second stage, 
the nipple–areola reconstruction should be postponed to a third stage, when proper position can be more precisely 
determined. In such circumstances the nipple–areola typically is added in an office setting with local anesthesia alone 
and no additional medication. There is little justification for nipple reconstruction at the time of the initial breast mound 
reconstruction because exact positioning becomes very difficult. Furthermore, single-stage breast reconstruction 
creates an unrealistic expectation on the part of the patient and a difficult burden for any surgeon who is critical of the 
final result.

 3. Is banking of the nipple–areola in the groin area an appropriate alternative to 
reconstruction if the primary cancer is located away from the nipple–areola?
No. Such banking cannot be justified on an oncologic basis in the presence of an invasive cancer. Studies in the 
Scandinavian literature have revealed breast cancer cells in the areola, not to mention nipple, of specimens in which the 
primary cancer was a significant distance from the nipple–areola. Furthermore, the cosmetic outcome of such twice-
transferred composite grafts is inferior to what can be produced de novo.

 4. Do options for nipple reconstruction include composite grafts from the toe or earlobe?
No. Such grafts are woefully inadequate for the purpose of nipple reconstruction. The only grafting source that is 
effective is a composite graft from the opposite nipple. Although this technique continues to be used by many surgeons, 
the overall price is a reduced and scarred opposite nipple in a woman who has already suffered the sensory and 
psychological assault of mastectomy. Assuming that the sharing technique results in two nipples of equal size, the final 
projection of the nipple pair will be less than half of what could have been achieved if the remaining nipple had been 
respected and matched by existing techniques.

 5. What is the treatment of choice for nipple reconstruction?
Local flap. Virtually any opposite nipple can be matched by a local flap technique with a minimum of morbidity and 
distortion at the donor site if the proper technique is selected.

 6. Is the best way to determine nipple–areola position by measurement 
from the other side?
Only in part. Such measurements should be made, but they are only the initial step in determining the proper final 
position. Measurements should be taken of the transverse midsternal line-to-nipple distance as well as the sternal 
notch-to-nipple distance. Then the appropriate-sized areola should be sketched around the intersection site. The 
surgeon–scientist then must become surgeon–artist and stand back to observe the overall impact of symmetry. Because 
of inherent asymmetries in nearly all final results of breast mound reconstruction, the best final position may well fall 
somewhat off the precise mathematic determination. The final position is an artistic compromise among various factors.
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Figure 71-1. Nipple 
reconstruction using a skate flap. 
A–D: Flap design and elevation. 
D, Nipple diameter; H, height of 
opposite nipple when erect. E–J: 
Donor-site closure with a skin graft. 
E1–J1: Donor site closure without 
a skin graft. K: Nipple–areola 
tattooing. (From Little JW: Nipple-
areolar reconstruction. In Cohen 
M [ed]: Mastery of Surgery: Plastic 
and Reconstructive Surgery, Vol 2. 
Boston, Little, Brown, 1994, p 1345, 
with permission.)

 7. Are flap techniques for nipple reconstruction interchangeable and merely a matter 
of the surgeon’s preference?
No. Some are inherently unsound in design and are not sufficiently reliable to be recommended. Others present a strict 
limitation to the amount of final projection.

 8. What type of nipple reconstruction is inherently unreliable?
Reconstruction based on a central subcutaneous pedicle without dermal continuity, such as the quadrapod design. 
Although such techniques may give impressive results in the operating room and in the immediate postoperative period, 
long-term projection is unreliable; far too many results suffer late loss of projection.

 9. Do the best designs in nipple reconstruction allow closure of the donor site, thus 
avoiding the need for grafting?
No. Such designs, which include the double opposing flap and the star flap, may be excellent for matching small- or 
moderate-sized nipples but prove generally inadequate for larger nipples. Donor-site closure limits the amount of 
possible projection in designs that attempt to match opposite large nipples.

 10. Is the skate flap the best design to use for matching an opposite large nipple?
Yes. The technique can be executed with or without a skin graft. However, when large dimensions are required, a skin 
graft invariably is required. An opposite nipple of virtually any size can be matched using this technique with proper 
preoperative planning (Fig. 71-1).
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 11. Is there a disadvantage to the use of a skin graft in the final outcome of the 
nipple–areola?
No, as long as the area of graft falls within the pattern of the final areola. Full-thickness skin grafts placed on an 
appropriate deep dermal bed are far preferable in the overall outcome of nipple–areola reconstruction than spread 
scars, which follow primary closure under tension.

 12. Can subsequent intradermal tattoo hide spread donor-site scars after nipple 
reconstruction?
No. Spread scars are poor beds for the receipt of intradermal tattoo pigments and mar the final result. Well-healed 
full-thickness skin grafts, on the other hand, accept such pigments as well as surrounding native tissues and are not 
discernible within the pattern of the final areola.

 13. What are the other disadvantages to spread scars after primary closure of nipple 
donor sites?
Final increased surface tension at the site of nipple reconstruction favors late loss of nipple projection for reasons not 
yet elucidated. Furthermore, tension at the site of nipple reconstruction flattens the aspect of the breast silhouette 
where maximal convexity is desired. Donor-site closure under tension is wrong-minded. Three strikes—you’re out!

 14. When using a local flap to reconstruct the missing nipple, should the dimensions 
of the planned nipple match those of the opposite nipple?
No. The dimensions of the reconstructed nipple should match only the diameter of the opposite nipple. Nipple height 
should be at least twice that of the opposite stimulated nipple. Partial loss of projection is inherent in any design for 
nipple reconstruction and must be factored into the final result.

 15. Are some nipples too large to match by nipple reconstruction?
No. The skate technique with skin graft can match virtually any nipple size if the appropriate dimensions are used in the 
preoperative plan. Early in my experience with the skate technique, I documented many late results exceeding 2 and 
3 cm of final projection. All of these cases required drastic reduction. A final result in nipple reconstruction that does not 
match the other side in projection typically represents an error in planning, with an inadequate initial design. Errors in 
execution or inherent local ischemia at the donor site are far less common causes.

 16. Does raising the skate flap with full-thickness wings produce a better overall result?
No, not when a large nipple is being matched and a skin graft is required. Even a small amount of reticular dermis 
covering the donor site allows closure of the composite defect because of the suture-holding ability of the fibers. 
Furthermore, the final exposed bed is far more receptive for grafting than is fat.

 17. Do the best results in areola reconstruction follow the grafting of skin that later 
becomes pigmented spontaneously?
No. Although grafting from an opposite areola undergoing reduction remains appropriate as reconstruction in kind, only 
occasionally is enough skin available to replace completely the missing areola. Furthermore, with the sophisticated 
techniques of breast mound reconstruction now available, alteration of the opposite breast is much less necessary or 
desirable than in the past. The transfer of skin that will become pigmented after grafting, such as from the upper inner 
thigh, allows no control over final coloration and matches the opposite areolar color only by chance. Furthermore, such 
darkened grafts invariably lose color over time, typically becoming indiscernible from surrounding breast skin within 
5 to 10 years after transfer. Finally, the high morbidity rates of donor sites from such grafts cannot be justified.

18. What is the treatment of choice for areola reconstruction?
Tattoo. The only justification for grafting during areola reconstruction is to close the nipple donor site when matching a 
large opposite nipple. Otherwise, tattoo alone gives the best result in areola reconstruction because it allows accurate 
matching of both shape and surface area of the opposite areola as well as the best available color match.

19. Are coloration or tattoo techniques at the time of nipple reconstruction helpful?
No. Techniques that tattoo the nipple at the time of nipple reconstruction increase the likelihood of flap failure. 
Techniques that tattoo before nipple reconstruction miss the point and waste an extra stage. Location for the tattoo 
remains imprecise, and the opportunity for fine tuning of the ultimate result is forfeited. Finally, techniques that paint 
pigments beneath grafts, although imaginative, are impractical, both in terms of their unpredictability in final coloration 
and their reliance on otherwise unnecessary areolar grafting.

20. When is the ideal time for nipple–areola tattoo?
Generally 4 months after nipple reconstruction, when the majority of nipple shrinkage has occurred and final resolution 
has come to the second-stage balancing procedure. At this point final adjustments to both breast mound and  
nipple–areola may be carried out with minor surgery, liposuction, and tattoo.
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21. Is one of the most important attributes of nipple reconstruction a centric position 
within the areola?
No. A far more important attribute of nipple–areola reconstruction is symmetry of the areolar color patch compared with 
the opposite side. If at the time of final tattoo it becomes necessary to shift the areolar pattern from a position that is 
concentric to the nipple, an eccentric nipple within a symmetric areola is a far better compromise than the alternative.

22. Is the best equipment for nipple–areola tattoo the delicate machinery supplied by 
manufacturers specializing in medical equipment?
Not necessarily. The most important attribute of tattoo equipment for nipple–areola reconstruction is sufficient torque to 
imbed pigments in skins of various thicknesses, such as that overlying the latissimus dorsi muscle, as well as sites that 
may be inherently scarred. These requirements are often very different from the characteristics of machines that imbed 
pigments in the delicate skin of an eyelid, for example.

23. Does nipple–areola reconstruction require a long learning curve until acceptable 
results can be achieved?
Not really. In truth, the earliest experiences with intradermal tattoo produce results that are superior to those available 
by any other means, including the transfer of grafts that later darken at random. On the other hand, matching the hue, 
tint, and depth of color of an opposite areola is an artistic challenge for even the experienced surgeon–tattooist. Quite 
naturally, the accumulation of experience aids in achieving such matched results.

24. Should the final color immediately after tattoo match the opposite nipple–areola?
No. It must be significantly darker. Hemosiderin is invariably imbedded with the tattoo earth pigments, producing a dark 
appearance to the proper immediate result. This initial darkness fades within the first few weeks after tattoo. The final 
tattoo, in turn, continues to fade slowly over the months and years ahead. Secondary tattoo, however, is especially rapid 
and straightforward because areolar borders are already determined. The particular patient may require a secondary 
boost of color, and this possibility should be discussed before the initial tattoo.

BiBliography

Little JW: Nipple-areolar reconstruction. Adv Plast Reconstr Surg 3:43, 1986.
Little JW: Nipple-areolar reconstruction. In Cohen M (ed): Mastery of Surgery: Plastic and Reconstructive Surgery. Boston, Little, 

Brown, 1994, pp 1342–1348.
Little JW: Nipple-areolar reconstruction. In Marsh JL (ed): Current Therapy in Plastic Surgery. Philadelphia, BC Decker, 1989, pp 55–60.
Little JW: Nipple-areola reconstruction. In Spear SL, Little JW, Lippman ME, Wood WC (eds): Surgery of the Breast: Principles and Art. 

Philadelphia, Lippincott-Raven, 1998, pp 661–669.
Little JW: Nipple-areolar reconstruction and correction of inverted nipple. In Noone RB (ed): Plastic and Reconstructive Surgery of the 

Breast. Philadelphia, BC Decker, 1991, pp 467–480.
Little JW, Spear SL: Nipple-areolar reconstruction. Perspect Plast Surg 2:1, 1988.
Little JW, Spear SL: Nipple-areolar reconstruction and tattoo. In Russell RC (ed): Instructional Courses, Vol 2. St. Louis, Mosby, 1989, 

pp 199–207.
Spear SL, Convit R, Little JW: Intradermal tattoo as an adjunct to nipple-areolar reconstruction. Plast Reconstr Surg 83:907–911, 1989.
Wellisch DK, Schain WS, Noone RB, Little JW: The psychological contribution of nipple addition in breast reconstruction. Plast Reconstr Surg 

80:699–704, 1987.



Ch
ap

te
r

72

470

Jonathan L. Le, MD; Nicolas J. Speziale, MD, FACS; and 
Mary H. McGrath, MD, MPH, FACS

Gynecomastia

 1. What is gynecomastia?
Gynecomastia is the excessive development of the male breasts.

 2. What is the pathophysiology of gynecomastia?
Gynecomastia is caused by excess estrogen action and usually is the result of an increased estrogen-to-androgen 
ratio.

 3. What is the histology in gynecomastia?
Gynecomastia results from variable degrees of ductal proliferation and stromal hyperplasia and can be described as 
florid, intermediate, or fibrous. The florid pattern shows ductal hyperplasia surrounded by loose cellular connective 
tissue. The fibrous pattern has extensive fibrosis of the stroma with little ductal proliferation. The intermediate pattern 
represents a transition between the florid and the fibrous types, with the fibrous type occurring with greater than 1-year 
duration of gynecomastia.

 4. Classify the etiologies of gynecomastia.
Physiologic, pathologic, and pharmacologic.

 5. In what age groups does gynecomastia occur?
Physiologic or idiopathic gynecomastia with no pathologic basis commonly develops in the newborn period, during 
puberty, and in old age.

 6. How common is gynecomastia in each age group?
Palpable breast tissue transiently develops in more than 60% of all newborns due to exposure of transplacental 
estrogens. During puberty a transient imbalance between estrogen and testosterone leads to a prevalence of 50% to 
60%. It usually develops during midpuberty (14 years) and is self-limited, with an average duration of 1 to 2 years. 
During middle age, approximately 30% to 36% of men develop gynecomastia, with the prevalence gradually increasing 
to greater than 70% in the seventh decade.

 7. How often does gynecomastia occur bilaterally? Is one side more commonly affected?
Gynecomastia occurs bilaterally in approximately 50% to 55% of men. In unilateral gynecomastia, the right side is 
affected more often than the left side.

 8. How does obesity correlate with gynecomastia?
Gynecomastia is increased in generalized obesity as a result of increased conversion of testosterone to estradiol in 
adipose tissue. In one study more than 80% of those with a body mass index (BMI) >25 had gynecomastia.

 9. Are patients with gynecomastia symptomatic?
Most patients are asymptomatic. If symptoms occur, they generally include tenderness, soreness, sensitivity, and 
general discomfort.

 10. What questions are pertinent in taking the history?
 • What is the duration of the breast enlargement?
 • Does the patient have any breast pain or tenderness?
 • Is the patient taking any medications?
 • Does the patient have any history of weight gain or loss?
 • Does the patient have any history of hepatic disease or hyperthyroidism?
 • Has the patient had any changes in sexual function or virilization?
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11. What physical findings should be sought?
 • Breast: If gynecomastia exists, thickened breast tissue should be palpable under the nipple. If a small, hard, 
eccentrically located mass or skin dimpling is found, suspect carcinoma.

 • Thyroid: Assess for enlargement and nodularity.
 • Abdomen: Examine for possible adrenal mass, hepatomegaly, or ascites.
 • Testes: If testes appear small, consider a chromosome study. If asymmetrical, evaluate for testicular tumor with ultrasound.
 • Overall Degree of Virilization: Look at body hair, voice, and muscles.

12. What laboratory studies should be obtained?
See Table 72-1.

13. Should routine imaging studies be ordered?
No, unless clinical signs or laboratory results dictate them. Studies may include testicular ultrasound, computed 
tomographic scan of the adrenals, magnetic resonance imaging of sella turcica, and mammography.

14. What are the most common causes of pathologic gynecomastia?
The most common causes include cirrhosis, malnutrition, hypogonadism, Klinefelter’s syndrome, neoplasms, renal 
disease, hyperthyroidism, and hypothyroidism.

15. Which tumors may lead to gynecomastia?
Testicular tumors (Leydig cell and Sertoli cell tumors, choriocarcinomas), adrenal tumors, pituitary adenomas, and lung 
carcinomas.

16. Does gynecomastia ever resolve?
 • During puberty, gynecomastia often regresses spontaneously within 2 years.
 • Withdrawal of the offending medication leads to regression in drug-related cases.
 • Gynecomastia of long duration is unlikely to regress spontaneously.

17. What is the differential diagnosis?
Gynecomastia, pseudogynecomastia, breast carcinoma, diabetic mastopathy, lipoma, and leiomyoma.

18. Which drugs may cause gynecomastia?
See Table 72-2.

19. What is pseudogynecomastia?
Pseudogynecomastia is an increase in male breast size that results from fat deposition. There is no hyperplasia of breast 
tissue, and involvement is bilateral.

20. Is there any relationship between gynecomastia and breast cancer in adult males?
No, except in Klinefelter’s syndrome, in which the incidence of mammary carcinoma is 20 to 60 times greater than in 
men without the chromosomal aberration. Multiple studies have shown no increased incidence of breast cancer in men 
with gynecomastia.

21. What is the role of medical therapy?
Testosterone can be effective in the treatment of gynecomastia secondary to testicular failure. Tamoxifen has been 
shown to reduce gynecomastia in middle-aged men. Danazol acts as a gonadotrophin inhibitor, reducing both the pain 
and extent of gynecomastia.

Table 72-1. Laboratory Studies

PREPUBERTAL MALES PUBERTAL MALES ADULT MALES

Estradiol Estradiol Estradiol Thyroid function

LH/FSH LH/FSH LH/FSH Hepatic function

HCG HCG HCG Renal function

Adrenal CT scan Testosterone Testosterone Chest x-ray

If estradiol is increased, check adrenal CT scan to rule out feminizing tumor.
If HCG is increased, check ultrasound of testes to rule out tumor.
If testosterone is low and LH/FSH are elevated, check karyotype for Klinefelter’s syndrome.
CT, Computed tomography; FSH, follicle-stimulating hormone; HCG, human chorionic gonadotrophin; LH, luteinizing hormone.
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22. What is the role of radiation therapy?
Low-dose x-ray and electron irradiation has been used successfully as a prophylactic therapy for prevention of 
gynecomastia in patients scheduled to receive hormone therapy for prostate cancer. Frequency of gynecomastia was 
reduced from 67% to 28% with 12- to 15-Gy electrons.

23. What are the indications for surgery?
 • Symptomatic patients
 • Adolescent males with enlargement persisting for 18 to 24 months
 • Gynecomastia of long duration leading to fibrosis
 • Patients at risk for carcinoma (e.g., those with Klinefelter’s syndrome)

24. Describe the surgical classification of gynecomastia.
 • Grade 1: Small visible breast enlargement without ptosis
 • Grade 2A: Moderate breast enlargement without ptosis
 • Grade 2B: Moderate breast enlargement with grade 1 ptosis
 • Grade 3: Marked breast enlargement and grade 2 or 3 ptosis

25. Discuss the surgical techniques used for gynecomastia.
 • Mild to moderate gynecomastia can be treated by either suction-assisted lipectomy (SAL) or ultrasound-assisted 
liposuction (UAL), or by direct excision through either a semicircular incision along the inferior aspect of the areola or 
a transverse incision in the apex of the axilla (Fig. 72-1).

D
A

C

B

Figure 72-1. A, B, Mastectomy for gynecomastia through a semicircular intraareolar incision. C, D, Resection of cone-shaped mass of 
breast tissue tapering away at periphery with sufficient fat left on pectoral fascia. (From McGrath MH: Gynecomastia. In Jurkiewicz MJ, Krizek 
TJ, Mathes SJ, Ariyan S [eds]: Plastic Surgery: Principles and Practice. St. Louis, Mosby, 1990, p 1128.)

DRUG CLASS DRUG

Antiandrogens Flutamide, finasteride, cyproterone acetate

Antibiotics Ethionamide, isoniazid, ketoconazole, metronidazole

Antiulcer drugs Cimetidine, ranitidine, omeprazole

Cancer drugs Alkylating agents, methotrexate, vincristine, busulfan, imatinib

Cardiovascular drugs Amiodarone, amlodipine, captopril, digitalis, digitoxin, diltiazem, enalapril, 
methyldopa, nifedipine, spironolactone, verapamil

Drugs of abuse Alcohol, amphetamines, heroine, marijuana, methadone

Hormones Androgens, anabolic steroids, human chorionic gonadotrophin, estrogens, 
diethylstilbestrol, growth hormones, oral contraceptives

Other drugs Diazepam, haloperidol, risperidone, theophylline, Lasix, melatonin, phenytoin

Table 72-2. Drugs That May Cause Gynecomastia
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A
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C

Figure 72-2. Operations for reduction of moderate to large breasts with nipple transposition or reduction and transposition of periareolar 
skin around stationary nipple. A, Superior periareolar incision with skin excision. B, Nipple transposition on single dermal pedicle with oblique 
breast scar. C, Nipple transposition on vertical dermal bipedicle with transverse breast scar. (From McGrath MH: Gynecomastia. In Jurkiewicz 
MJ, Krizek TJ, Mathes SJ, Ariyan S [eds]: Plastic Surgery: Principles and Practice. St. Louis, Mosby, 1990, p 1130.)

 • Moderate to large gynecomastia requires skin resection and nipple transposition. After the skin is resected, the 
nipple–areola complex is rotated superiorly and medially based on a single dermal pedicle. Some surgeons elect to 
perform only SAL or UAL with a delayed skin excision (usually 6 to 9 months) based on skin retraction (Fig. 72-2).

 • Massive gynecomastia requires en bloc resection of excessive skin and breast tissue. Free nipple grafting can be 
performed. The final scar is placed within the inframammary crease using a cresenteric transverse incision. The 
nipple–areola graft is then placed on the dermis overlying the fifth rib (Fig. 72-3).

 26. What are the most common complications after surgery?
Hematoma and seroma formation are common secondary to extensive soft tissue dissection through a small incision 
with a substantial dead space. Good hemostasis and placement of a drain may be helpful. Evacuate any hematomas 
that may occur. Other less common complications include infection and nipple slough. Late complications include 
unequal breast size and contour irregularities.

 27. Which techniques may prevent unwanted results?
 • Be sure to leave an adequate layer of subcutaneous fat over the pectoralis fascia to prevent a concave breast.
 • Perform liposuction to produce a smooth contour peripherally.
 • Leave a 1-cm-thick layer of tissue beneath the areola to avoid nipple inversion.
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Figure 72-3. Operation for excessively large breasts with radical excision and free transplantation of nipple. A, Grafting of nipple onto 
dermal bed prepared in center of breast scar. B, En bloc excision with nipple grafting and inframammary crease scar. (From McGrath MH: 
Gynecomastia. In Jurkiewicz MJ, Krizek TJ, Mathes SJ, Ariyan S [eds]: Plastic Surgery: Principles and Practice. St. Louis, Mosby, 1990, p 1132.)
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Portrait of Gala in Spheres. Salvador Dali, 1952. Oil on canvas. Private Collection, New York. © 
1998 Demart Pro Arte B.V.®, Geneva/Artists’ Rights Society (ARS), New York.
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Evaluation of thE aging facE 73

 1. Give examples of trigger events that may cause a person to seek consultation for 
aesthetic facial rejuvenation.
 • Observation of a friend who has undergone facial rejuvenative surgery with good results.
 • Self-criticism and realization of signs of aging in the face, eyes, and neck.
 • Realization of a need for self-enhancement that may pave the way for career advancement.
 • Realization of the need for self-enhancement to keep competitive in the work environment.
 • Realization that a social relationship with a younger person would be enhanced by a more youthful appearance.

 2. What elements compose the initial aesthetic facial surgery consultation?
 • Evaluation and discussion of the patient’s desires as well as current and past medical history.
 • Thorough physical examination, which is best done with the patient comfortably seated in front of a large mirror 
with appropriate lighting. In addition, a reversing mirror can be used to demonstrate to the patient his/her actual 
appearance rather than the image that he/she sees in a standard mirror.

 • Consideration of appropriate laboratory and radiographic tests to determine general health status. If a specific 
medical problem becomes apparent, consultation with the patient’s physician should be done.

 • Visual examination, including acuity, Schirmer test (if indicated), and visual fields (if indicated).
 • Photographic documentation of preoperative status.
 • Patient education:

 • Videotapes
 • Instructional brochures
 • Discussion of arrangements for surgery with office staff (patient coordinator, nurse, secretary)

 3. What factors contribute to the aged appearance of the face?
 • Atrophy and loss of skin tone due to sun damage
 • Genetic inheritance
 • Chronic smoking of cigarettes
 • Chronic abuse of alcohol
 • Large gains or losses in weight
 • Morphologic changes of the facial bones
 • Health-related problems
 • Emotional stress
 • History of trauma
 • Chronic facial muscular contractions
 • Environmental damage due to excessive sun exposure and pollution

 4. What intrinsic changes of the skin may be seen in the aging face?
 • Loss of elasticity
 • Keratoses, epitheliomas, other hyperpigmented lesions
 • Fine lines and wrinkles
 • Decreased amount of subcutaneous adipose tissue due to atrophy
 • Abnormal pigmentation
 • Environmental damage

 5. Outline the chronologic appearance of signs of aging in the face and neck.
 • Decade of the 30s: Upper eyelid skin becomes redundant; crow’s feet form lateral to the canthi.
 • Decade of the 40s: Nasolabial folds become more prominent; transverse forehead furrows and vertical glabellar frown 
lines develop.

 • Decade of the 50s: Rhytids develop in the neck; jawline becomes less distinct; jowls form; tip of nose droops.
 • Decades of the 60s, 70s, and 80s: Cutaneous and subcutaneous tissues atrophy, contributing to formation of 
increased wrinkles and sagging of skin (Fig. 73-1).
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 6. What changes in the facial skeleton occur with aging?
 • Decreased height of mid and lower portions of face
 • Increased prominence of frontal sinus
 • Increased prominence of zygomatic arch
 • Slight increase in facial width
 • Increased prominence of chin
 • Increased facial depth

 7. Which anatomic structures of the face are vital to know when planning facial 
rejuvenation surgery?
It is extremely important to know the osteocutaneous and musculocutaneous ligaments that provide support to the soft 
tissue and skin of the face. It is essential that these be released or modified during facial rejuvenation surgery (i.e., face 
lift) to achieve optimal results.

 8. Which retaining ligaments provide support to the soft tissues and skin of the face 
over the bony skeleton?
 • Zygomatic osteocutaneous ligaments
 • Mandibular osteocutaneous ligaments
 • Platysma-auricular ligaments
 • Anterior platysma-cutaneous ligaments

The most important of these are the zygomatic and mandibular ligaments (Fig. 73-2).
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Figure 73-2. Retaining ligaments 
of the cheek that must be divided 
for proper skin drapage. Zygomatic 
ligament (McGregor’s patch) and 
mandibular ligaments tether the 
skin to the facial skeleton. The 
platysma-auricular ligament and the 
anterior cutaneous ligaments are 
condensations of platysma fascia 
that extend to the dermis. (From 
Furnas DW: The retaining ligaments 
of the cheek. Plast Reconstr Surg 
83:11, 1989, with permission.)

30 years 40 years 50 years 60 years 70 years 80 years

Figure 73-1. Changes observed in the external appearance of the aging face. (From Gonzalez-Ulloa M, Flores ES: Senility of the face: Basic 
study to understand its causes and effects. Plast Reconstr Surg 36:239, 1965, with permission.)
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 9. What signs of facial aging are correctable by aesthetic rejuvenative surgery?
 • Sag and laxity of the skin of the cheeks and neck
 • Prominence of the nasolabial folds
 • Deepening of the nasolabial and perioral commissural creases
 • Formation of jowls with laxity and sag of the facial skin over the border of the mandible, causing the jawline to 
become less distinct

 • Formation of rhytids in various areas of the face
 • Atrophy of the skin and subcutaneous adipose tissues
 • Ptosis of the soft tissues of the anterior aspect of the chin (Fig. 73-3)

10. What signs noted on physical examination of the forehead can be corrected by 
aesthetic facial rejuvenative surgery?
 • Transverse furrows
 • Vertical glabellar frown lines
 • Ptosis of the brows
 • Fullness and hooding of the upper eyelids
 • Fullness in the glabellar region
 • Transverse creases over the dorsum of the nose in the area of the radix
 • Crow’s feet

11. What is the normal or ideal position for the female eyebrow?
 • The brow is located approximately 1 cm above the superior orbital rim (whereas it lies approximately at the level of 
the rim in men).

 • The medial aspect of the brow is delineated by a vertical line drawn superiorly and perpendicular through the 
alar base.

 • The lateral aspect of the eyebrow is delineated by an oblique line drawn from the lateral aspect of the alar base 
through the lateral canthus.

 • The medial and lateral ends of the brow are at approximately the same horizontal level. The highest portion or 
apex of the brow is delineated by a vertical line extending superiorly from the lateral aspect of the corneal limbus 
(Fig. 73-4).
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Figure 73-3. Stigmata of the aging face. Common findings 
include (1) ptotic and wrinkled brow, (2) glabellar laxity and 
frown lines, (3) ptotic eyebrows, (4) periorbital folds and lids, 
(5) redundant lower eyelid skin, (6) droopy nasal tip, (7) laxity 
of cheeks, (8) ptotic earlobes, (9) perioral wrinkling,  
(10) jowls, (11) platysmal bands, and (12) laxity of cervical 
skin. The possible combinations are infinite, and each patient 
must be carefully analyzed to formulate a treatment plan. 
(From Baker TJ, Gordon HL, Stuzin JM: Surgical Rejuvenation 
of the Face. St. Louis, Mosby, 1995.)
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Figure 73-4. Spatial relationships of the ideal female 
eyebrow. (From Ellenbogen R: Transcoronal eyebrow lift 
with concomitant upper blepharoplasty. Plast Reconstr Surg 
71:490, 1983, with permission.)
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12. What signs of aging in eyelids are correctable by aesthetic rejuvenative surgery?
 • Increased amount and laxity of skin of the lids
 • Increased protrusion of periorbital fat
 • Ptosis of the brows, which, along with upper eyelid skin redundancy, causes hooding
 • Crow’s feet, or rhytids, in the lateral canthal region
 • Ptosis of the lacrimal glands
 • Formation of xanthelasma
 • Hypotonicity and horizontal laxity of the lower lids

13. Is an ophthalmologic consultation required for all patients before undergoing 
aesthetic rejuvenation of the eyelids?
No, unless the patient is found to have a previously unknown defect in visual acuity or tear production or physical 
examination reveals an anatomic deformity that may require further ophthalmologic testing or treatment. A baseline 
vision examination should be performed in your office preoperatively.

14. What signs of aging in external ears can be corrected by aesthetic rejuvenation?
 • Increased prominence due to an increase in the conchoscaphoid angle and/or unfurling of the antihelix
 • Increased size of the earlobes
 • Increased size of pierced earlobe holes due to chronic wearing of heavy earrings

15. What signs of aging of the nose are correctable by aesthetic rejuvenative surgery?
 • Drooping nasal tip or decrease in the nasolabial angle
 • Thickening of the skin of the nose
 • Enlargement and thickening of alar cartilages
 • Elongation of the nose
 • Widening of the nostrils (Fig. 73-5)

16. What signs of aging in the perioral region can be corrected by surgical rejuvenation?
 • Vertical rhytids extending from the vermilion borders of the upper and lower lips
 • Increased vertical height of the white portion of the upper lip
 • Flattening of the contour of the upper lip
 • Thinning and decreased fullness of the vermilion of the upper and lower lips
 • Downturning of the lateral oral commissures
 • Appearance and deepening of “marionette” lines

17. What signs of aging in the neck can be corrected by aesthetic rejuvenation?
 • Wrinkling of the skin
 • Formation of vertical bands in the platysma muscle
 • Formation of a less acute and more obtuse cervicomental angle (due to laxity of the platysma and/or excessive 
deposition of subcutaneous and subplatysmal adipose tissue)

 • Laxity and sag of the submental and anterior and lateral cervical skin
 • Ptosis of the submandibular glands
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Figure 73-5. Signs of the aging 
nose. (From Gruber RP, Peck GC: 
Rhinoplasty: State of the Art. St. 
Louis, Mosby, 1993.)
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18. Why are preoperative photographs necessary?
 • They assist in preoperative planning and patient discussion.
 • They are invaluable for reference during surgery.
 • They are essential for postoperative counseling and review.
 • They provide necessary medicolegal documentation.

19. What visual records are used to document preoperative appearance?
Preoperative photographs are an essential part of the patient’s permanent medical record. They serve two purposes. 
The first is for medicolegal documentation; the second is for documentation of present status to assess postoperative 
results. Historically, photographs were taken with a 35-mm camera with a high-grade portrait lens (105 mm). However, 
in the digital age, a digital SLR camera is preferred. Note that many existing lenses will work with digital SLR cameras; 
however, there is usually a 1.4 or 1.5 “multiplier” effect. The digital photographs can be archived along with the patient’s 
medical record. Several paperless systems that allow attachments to the photographs are available. Computer imaging 
programs can “morph” photographs in order to help predict postoperative results. Of note, this will also give the patient 
a “visual imprint,” which may otherwise be difficult to achieve.

20. What standard views of the face and neck are taken for photographic documentation?
Anteroposterior, right lateral, right oblique, left lateral, and left oblique.

21. What additional views may be taken to demonstrate deformities?
 • Close-up of the eyes to demonstrate fine lines and asymmetry of the lids
 • Close-up of the eyes to demonstrate bulging of the periorbital fat in the lower lids
 • Smiling profile to demonstrate change in position of the nasal tip
 • “Worm’s eye” view to demonstrate the basilar orientation of the inferior aspect of the nose and its relationship to the 
cheeks and lip

 • Flexed lateral view to demonstrate laxity and sag of the skin of the lower face and neck
 • Posteroanterior view to demonstrate protrusion of the ears from the side of the head (conchoscaphoid angle)
 • Close-up of the mouth at rest, smiling, and puckering to demonstrate muscular function, asymmetry, and rhytids

22. Does the consultation for aesthetic facial rejuvenative surgery differ for men and women?
No. However, physical characteristics and psychological considerations may be greatly different and must be explored 
and adequately discussed.

23. What differences are noted between men and women in evaluating patients for 
aesthetic facial surgical rejuvenation?
 • The position of the eyebrows is different. In women, the brow usually is located above the superior orbital rim, 
whereas in men it is located at or slightly below the rim.

 • Different patterns of hair growth in the scalp. Men tend to have recession of the frontal forehead hairline with loss and 
thinning of hair much earlier in life than do women.

 • The presence of a beard in men causes an increase not only in the thickness of the skin but also in the blood supply 
due to a richer subdermal plexus.

 • Psychologic differences are evident. Active men like to be in control of all aspects of their situation and are less 
likely to follow postoperative instructions such as restriction of activity and taking medication. Men seem to be less 
demanding about the results of surgery and usually have more realistic goals.

24. As people age, is it better to “start early” and undergo procedures when signs of 
facial aging begin or to wait and have “everything done at once”?
As people age, the intrinsic changes in the skin and soft tissue and the changes in the facial skeleton require a 
corresponding increase in the complexity and number of procedures required to achieve improvement. Signs of facial 
aging should be addressed when they begin to appear. Early signs may be correctable with injectable products. As 
time progresses, particular areas, such as the eyes, chin, nose, cheeks, and forehead, can be addressed and treated to 
improve the patient’s overall appearance.

25. What is the best age at which to undergo aesthetic facial rejuvenative surgery?
There is no one best age. The timing of surgery depends on (1) the patient’s desires, (2) the patient’s general health 
status, (3) the patient’s mental health status, (4) the presence of signs of aging that the plastic surgeon believes can be 
surgically corrected, and (5) the patient’s history of sun exposure and presence of environmental damage to the skin.

26. Is there an age at which the patient is “too old” to undergo facial rejuvenative 
surgery?
No, as long as the patient’s general mental and physical health status are deemed satisfactory.
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27. How long do the results of facial rejuvenative surgery last?
The answer depends not only on the general health status of the patient but also on the age at which the procedure is 
performed. Usually foreheadplasties and eyelidplasties do not need to be repeated, but facialplasties are considered to 
last for 8 to 10 years.

28. Where can facial rejuvenative surgery be performed?
Facial rejuvenative surgery may be performed in a hospital, in a free-standing ambulatory outpatient surgical facility, 
or in a physician’s office. Any of these options is acceptable as long as the appropriate equipment for performance of 
the surgery and resuscitation is available. In addition, the necessary trained and certified medical personnel must be 
available.

29. What type of anesthesia is most appropriate for facial rejuvenative surgery?
The type of anesthesia depends on the procedure, the patient’s general health status, and the surgeon’s preference. For 
some procedures, local anesthetics may be sufficient. However, for the great majority of procedures, local anesthetics 
must be combined with intravenous sedation and analgesics. General anesthesia is used for procedures requiring 
complete relaxation (e.g., complete relaxation of the abdominal muscles during abdominoplasty).

 30. Who may not be considered candidates for facial rejuvenative surgery?
 • Patients who have difficulty with describing or delineating the changes they desire
 • Patients who feel that their deformities are greater than they actually are
 • Patients with unrealistic expectations
 • Patients with severe mental or physical health problems who are poor surgical risks
 • Patients who are addicted to cigarettes, alcohol, and/or drugs
 • Patients with nonsupportive family members

 31. Who else may not be considered good candidates for aesthetic facial rejuvenative 
surgery?
 • Patients who are overly concerned about minimal defects
 • Patients who are too demanding or direct the physician about what to do and how to do it
 • Patients who constantly interrupt when explanations are given by the physician
 • Patients who have previously undergone surgery by another physician with less than desirable results and are 
antagonistic and defensive

 32. What five rare skin conditions may present as premature aging with or without skin 
laxity? Is facial aesthetic surgical rejuvenation indicated?
 • Ehlers-Danlos Syndrome: Rare, genetically transmitted disease of connective tissue characterized by thin, friable, and 
hyperextensible skin, hypermobile joints, and subcutaneous hemorrhages. It may be associated with posttraumatic 
bleeding and poor wound healing. It is caused by a genetic defect with inadequate production of the enzyme lysyl 
oxidase. Rhytidectomy is not indicated.

 • Cutis Laxa: Degeneration of the elastic fibers in the dermis, associated with chronic obstructive pulmonary disease, 
pulmonary infections, cor pulmonale, gastrointestinal and genitourinary diverticula, and hernias. The genetic defect is 
a deficiency of lysyl oxidase. Aesthetic facial rejuvenation is indicated and beneficial as long as the patient’s general 
health status is satisfactory.

 • Progeria: Rare disorder of unknown etiology, transmitted in an autosomal recessive manner and characterized by 
growth retardation, craniofacial disproportion, baldness, protruding ears, pinched nose, micrognathia, atherosclerotic 
heart disease, and shortened life span. Plastic surgery is not indicated.

 • Werner’s Syndrome (Adult Progeria): Rare autosomal recessive disorder that consists of scleroderma-like skin 
changes, including patchy induration associated with baldness, aged facies, hypo/hyperpigmentation, short 
stature, high-pitched voice, cataracts, diabetes, muscle atrophy, osteoporosis, various neoplasms, and premature 
atherosclerosis. Plastic surgery is not indicated because of the presence of diabetic microangiopathy.

 • Pseudoxanthoma Elasticum: Degenerative disorder of the elastic fibers with premature skin laxity. Aesthetic facial 
rejuvenative surgery is beneficial.
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Forehead and Brow LiFt

 1. Describe the arterial and nerve supply to the forehead.
Understanding the anatomy is necessary for dissection of a forehead flap or endoscopic dissection of the brow. The 
forehead receives blood from both the internal and external carotid arteries. The frontal branches of the superficial 
temporal artery arise from the external carotid artery. The supratrochlear and supraorbital arteries arise from the internal 
carotid artery via the ophthalmic artery. The supraorbital and supratrochlear cutaneous nerves are derived from the 
ophthalmic division of the trigeminal nerve (cranial nerve V1). The supraorbital nerve exits through the supraorbital 
foramen to innervate the lateral part of the forehead and the front of the scalp. The supratrochlear nerve exits medial to 
the supraorbital nerve and supplies the middle portion of the forehead.

 2. The supraorbital nerve has a deep and superficial division. Describe the course of 
each division and the area that it innervates.
The deep division innervates the frontoparietal scalp. It runs from the orbital rim just under the deep galeal plane toward 
the superior temporal line of the skull. It then runs just medial (0.5 to 1.5 cm) and parallel to the superior temporal line 
and then takes a medial course to enter the scalp. The superficial division of the nerve courses from the orbital rim over 
the frontalis muscle to enter the anterior scalp.

 3. Describe the anatomy of the frontal nerve.
The frontal nerve is a branch of the facial nerve. It emerges from beneath the parotid gland on a line extending from 
a point 0.5 cm below the tragus to a point 1.5 cm superior to the lateral position of the eyebrow. The nerve enters the 
frontalis muscle on a deep surface at a point where the orbicularis oculi intersects the lateral aspect of the frontalis 
muscle (approximately 1.5 cm above the lateral aspect of the eyebrow).

 4. What is the function of the musculi frontalis?
Eyebrow elevation. The musculi frontalis are vertically oriented, paired muscles that blend in the midline. They originate 
from the epicranial aponeurosis (galea) at the level of the anterior hairline, extended inferiorly to cover most of the 
forehead, and insert into the dermis of the forehead skin.

 5. Which three facial muscles oppose the brow-lifting activity of the musculi  
frontalis?
Corrugator supercilii, procerus, and orbicularis oculi muscles.

 6. Describe the orbital ligament and its significance in brow lifting.
The orbital ligament lies near the junction of the temporal fusion line and the orbital rim. It is a dense fibrous band that 
connects the superficial temporal fascia to the orbital rim. Because of the anatomic connection between the superficial 
temporal fascia and the overlying skin, the orbital ligament tethers the lateral eyebrow segment to the bony orbital rim 
and must be released to achieve an adequate lift.

 7. Which muscles of the face are responsible for the deep transverse forehead lines, 
vertical glabellar creases, and transverse wrinkles at the root of the nose?
Frontalis, corrugator, and procerus muscles, respectively.

 8. Describe Ellenbogen’s criteria for the ideal eyebrow position and contour.
 • The brow begins medially at a vertical line extending through the ipsilateral alar base and ipsilateral medical 
canthus.

 • The brow ends laterally at an oblique line extending through the ipsilateral alar base and lateral canthus.
 • The medial and lateral ends of the eyebrow lie at approximately the same horizontal level.
 • The apex of the brow lies directly above the lateral limbus of the eye.
 • The brow arches above the supraorbital rim in women and lies approximately at the level of the rim in men.
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 9. Which systematic approach should be used to evaluate the contour of the  
eyebrow?
The contour of the brow is evaluated in thirds: medial, central, and lateral. If the medial eyebrow is lower than the 
lateral, the patient looks angry or distressed. In contrast, a lower lateral eyebrow gives the patient a concerned or sad 
appearance. An excessive medial elevated eyebrow gives the patient a surprised look.

10. What are the indications for a forehead and brow lift?
Primary indications include ptosis of the forehead and eyebrows and fullness of the lateral upper lids. The forehead 
and brow lift also helps to correct transverse forehead lines, glabellar creases, and transverse folds at the root of the 
nose.

11. Where is the plane of dissection for the development of the forehead flap?
The flap for a coronal brow lift is elevated in the areolar plane between the galea and the pericranium. The other 
potential planes of dissection are subcutaneous or subperiosteal.

12. What is the supraciliary eyebrow lift?
It is a procedure that elevates the eyebrow by excision of skin directly above the eyebrow. This relatively simple 
excision produces dramatic eyebrow elevation but leaves a permanent visible scar, thus limiting its popularity. The 
procedure is best limited to men with thick eyebrows or women willing to accept a scar that may or may not be 
covered by makeup.

13. What is a midforehead lift?
This procedure helps to correct deep forehead creases and brow and glabellar ptosis. The incision is placed centrally 
in a prominent horizontal forehead crease to allow direct interruption of the frontalis muscle and elevation of the 
eyebrows (with optional excision of the medial muscles). The procedure leaves a visible scar and thus is limited to men 
with deep forehead creases.

14. What is a bitemporal lift?
This procedure has the advantages of elevating the lateral brow while concealing the paired incisions in the temporal 
hair. There is no muscle resection. It is primarily indicated for younger patients with lateral orbital hooding.

15. What is a limited incision (lateral) forehead lift?
As described by Dr. David Knize, the limited incision forehead lift selectively corrects the ptosis of the lateral segment 
of the eyebrow. This technique uses a 4.5- to 5-cm incision placed 1.5 to 2 cm behind the hair line. The medial aspect 
of the incision is just medial to the superior temporal line and is perpendicular to the tension vector that best corrects 
the lateral brow ptosis. Dissection is carried inferiorly just above the deep temporal fascia. Subperiostial dissection 
is extended for 2 cm medial to the zone of fixation, which is the confluence of the superficial and deep temporal 
fascias and lies just medially to the temporal fusion line. The orbital ligament must also be divided to elevate the lateral 
brow. Dr. Knize removes a window of deep temporal fascia at the incision to form a cicatricial bond to keep the brow 
elevated and sutures the superficial fascia of the inferior flap to the superior edge.

16. Before the development of the endoscope, what were the most popular techniques 
for forehead and brow lift?
The bicoronal and modified anterior hairline forehead lift. In the standard bicoronal lift, the incision in the frontal and 
temporal regions is placed far enough posteriorly so that after resection of the redundant scalp it remains approximately 
5 cm behind the hairline. In the modified anterior hairline lift, the incision follows the hairline in the frontal region and 
then turns posteriorly in the temporal region for 7 to 9 cm before curving caudally toward the top of the ear.

17. Which factors determine the preference for a standard bicoronal or modified anterior 
hairline incision?
Patient choice, height of the hairline, and thickness of the hair determine which incision should be used. For patients 
with a normal anterior hairline and without excessive thinning of the hair, a standard coronal incision is preferred. When 
the anterior hairline is high, the modified incision is used.

18. What are the potential complications of a forehead and brow lift?
The incidence and severity of complications from a forehead and brow lift are quite low, and virtually all 
complications are apparent in the early postoperative period. Complications include hematoma, transient loss of 
sensation (<5% permanent loss), tightness, chronic pain, hair loss, unacceptable scars, irregularities, and skin 
necrosis.
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19. What are the major operative principles of an endoscopic forehead lift?
 • Several small incisions are made within the hairline.
 • An extensive subperiosteal dissection is performed to include the orbital rim and the root of the nose.
 • Release and resection of the corrugator and procerus muscles.
 • Preservation of the supratrochlear and supraorbital neurovascular elements.
 • Forehead elevation and fixation with percutaneous microscrews or other techniques allow reattachment to bone at a 
higher position.

20. What are the advantages of an endoscopic forehead lift?
No scalp resection, less scarring, decreased and less permanent numbness, and less bleeding. This procedure is 
beneficial for patients with alopecia and permits a comfortable, fast recovery.

21. What are the disadvantages of an endoscopic forehead lift?
New training and instruments are necessary, careful patient selection is essential, deep wrinkles of the forehead and 
glabellar area are not completely eradicated, and correction of severe eyebrow ptosis is limited.

22. Describe several fixation techniques for the endoscopic brow lift.
These techniques include creating a bone tunnel in the outer skull cortex, Mitek bone anchors (DuPuy Mitek, Inc., Raynham, 
MA), small screws, fibrin glue, and the Endotine Forehead device (Coapt Systems, Inc., Palo Alto, CA) (Fig. 74-1).
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Blepharoplasty 75

 1. What is blepharoplasty?
Blepharoplasty comes from two Greek words: blepharon, meaning eyelid, and plastikos, meaning fit for molding. 
Blepharoplasty is any procedure that is performed to shape or modify the appearance of the eyelids. It may be 
performed purely to remove bagginess, fatty protrusions, and lax hanging skin around the eyes or to correct a “lazy” or 
blepharoptotic eyelid. This last procedure is more often referred to as blepharoptosis, or more simply a “ptosis” repair. 
Blepharoplasty also refers to the creation of lid creases on eyelids that have little or no visible infolding and a similar 
operation on eyelids with ill-defined or asymmetric folds.

Traditionally, blepharoplasty denotes the removal of skin and perhaps a sliver of muscle from the upper lids, together 
with protruding or excessive orbital fat. On the lower lid, blepharoplasty suggests an elevation of skin or skin-muscle 
flaps and removal of skin, muscle, and/or fat, or more recently the removal of a sliver of skin without raising a flap.

 2. What is the difference between blepharochalasis and blepharodermatochalasis 
(dermatochalasis)? Between steatoblepharon and blepharoptosis?
True blepharochalasis, a rare inherited disorder that appears in childhood, is characterized by repetitive episodes of 
eyelid edema that eventually lead to attenuation and/or dehiscence of the levator aponeurosis with resultant ptosis.  
The periorbital tissues stretch out, and dehiscence of the canthal tendons sometimes occurs. More often blepharochalasis 
refers to the stretching of the skin of the eyelids associated with aging. A more accurate term for involutional loosening 
of the eyelid skin is dermatochalasis. The puffiness of fat that is either excessive or protruding through a lax septum 
is steatoblepharon. Blepharoptosis is drooping of the upper eyelid. When the eyebrow is ptotic, juxta brow skin, lid fat, 
together with the eyelid skin, hangs over the margin and may cause the illusion of ptosis when the eyelid occupies a 
normal position. The proper term for this condition is pseudoblepharoptosis.

 3. Is blepharoplasty the procedure of choice for brightening and refreshing the eye region?
Since its inception, traditional blepharoplasty has been touted as the procedure to brighten and refresh the eye region. 
Commonly it fails miserably in this quest. Failure comes from five sources:

1. Misdiagnosis and/or misapplication of the procedure. Operations must address the causative factors responsible 
for the undesirable condition being treated. The most common cause of upper eyelid bagginess or heaviness 
is brow descensus, that is, a dropped or partially dropped eyebrow. The procedure of choice for correcting 
the resulting upper lid bagginess is a brow lift, preferable a forehead lift (coronal or endoscopic), elevating the 
eyebrows—not excising the precious irreplaceable eyelid skin. In the same way that we don’t operate on knees to 
correct a hip problem, neither should we operate on upper eyelids to solve a brow problem! However, sometimes 
an upper eyelid blepharoplasty needs to accompany the brow elevation.

2. A surgeon will often recognize the problem as being the brow but will go ahead and do a blepharoplasty (because 
the patient requested it and was willing to pay for it). The wrong operation produces the wrong result and renders 
the surgeon liable for such misapplication.

3. Failure to recognize and correct the causative or hidden underlying factors in droopy, baggy, or wrinkled lower 
lids. Atonic lids with attenuated lateral canthal tendons must be tightened (and restored to proper position) to 
prevent severe scleral show as a result of lower lid blepharoplasty. A well-done canthopexy will often correct the 
appearance of redundant skin on the lower lid.

4. A misconceptualized design of blepharoplasty from the beginning, having been conceived on a static model rather 
than the dynamic tissues of the human face, in which everything moves in relationship to everything else (in the 
static model the eyebrows would not drop as a result of upper lid skin and/or tissue removal).

5. Poor patient selection.

Disclosure: The tear trough implants discussed in this chapter were designed by Robert S. Flowers, MD, and manufactured by Implantech. 
Currently the implants are marketed by Mentor Corporation. Dr. Flowers receives a small royalty for each pair of implants purchased.
Note: The authors retain the copyright to this chapter, which is used here with their permission.
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Only in unusual adults with superb lower lid tonicity is lower lid blepharoplasty indicated without an accompanying 
effective canthopexy and/or lid shortening procedure. In all other patients the effect of lower blepharoplasty is to create 
vertical dystopia, drop lid posture, increase scleral show, and sadden the patient’s appearance. Unfortunately, patients 
requesting blepharoplasty who satisfy these criteria of superb lid tonicity are few and far between.

 4. What is compensated brow ptosis?
In considering the upper face, understanding the concept of compensated brow ptosis is absolutely essential. Most 
people presenting for blepharoplasty have a resting position of the eyebrow that is far too low for effective and/
or comfortable forward and lateral vision. It is also too low for optimal aesthetics. People remedy this situation by 
constant contraction of the frontalis muscle whenever the eyes are open. This muscle activation is continuous for 
16 to 18 hours per day. Removal and/or invagination of overhanging eyelid tissues from the upper lids partially or totally 
relaxes the brow-elevating musculature, depending on how much vision-obstructing tissue was removed or displaced. 
Frontalis muscle activation checks the descent of the eyebrow and lid skin at a point just short of visual interference or 
weighty discomfort of the lids. Upper blepharoplasty (tissue excision and/or lid invagination in people with compensated 
brow ptosis) allows the eyebrow to position itself lower in the resting eye-open posture after surgery without visual 
interference or weighty discomfort, compared with the preoperative position. The usual result is an operated lid with 
precisely the same amount of overhang as before surgery, leading to a second or even a third redo, with yet more upper 
lid tissue excision. The result is a postoperative patient who looks older, more tired, and angry as well.

Only in people with an adequately high resting position of the brow in the eye closed–forehead relaxed position and little 
to no compensated brow ptosis is isolated upper blepharoplasty a procedure of choice for brightening and refreshing the 
eye region. Blepharoplasty without brow lifting can also be of benefit in people with so much overhang that they can’t 
raise their brows enough to clear their vision. In all other situations the brow lift is either the preferred operation or an 
essential companion to blepharoplasty.

 5. If blepharoplasty is not the procedure of choice, what is?
Coronocanthopexy is the basic foundation for aesthetic repair around the orbital region without deforming the lids, the 
periorbital aesthetics, or the aperture shape. This is a forehead lift with accompanying canthopexy, at the minimum securing 
the tendon and associated retinacular tissues into the orbital rim periosteum but preferably into the bone, with a second layer 
of orbicularis support. This is secured to the bone and temporalis fascia more laterally. Such an operation maintains normal 
healthy eyelids without sacrificing any of the precious and irreplaceable eyelid tissue. Dropped posture of the lower lids, 
due to attenuation of the canthal tendon and reduced lid tonicity, is commonly responsible for what appears to be excessive 
lower lid skin. Canthopexy restores position, tone, and the youthful upward tilt to the eye, whereas blepharoplasty (including 
transconjunctival fat removal) adds downward cicatricial traction to an already weakened eyelid. This lowers the lid posture 
and imparts a saddened appearance along with a shortened aperture length. When a secure canthopexy with long-lasting 
tone restoration accompanies blepharoplasty, whatever tissue is truly excessive can be removed without adversely altering 
the shape of the eye. Elevation and tightening of the lid also tighten the orbital septum and add restraint to bulging fat. 
The canthopexy can be extended into a midcheek lift with yet further improvement in outcome.

The key effect of a frontal lift is to check the brow against precipitous descent after blepharoplasty, which makes the eye look 
older, more tired, and angry (due to the relaxed frontalis ceasing its pull against the corrugator activity). When the eyebrow 
is properly positioned, the eye appearance morphs into a youthful version of the same patient. Coronocanthopexy often 
eliminates the need to resect lid skin. If redundant or excessive skin remains when the brow is examined preoperatively 
(positioning it at its estimated post browlift posture), a simple excision of skin (with or without a tiny sliver of orbicularis) just 
above the supratarsal crease suffices to create the desired correction. With the lateral brow properly positioned, extending 
the lid excisions beyond the edge of the orbital rim rarely is necessary. If excessive upper lid skin is obvious with the brow 
manually raised to its estimated postoperative position, such a conservative excision can then accompany the forehead lift.

 6. What is the youngest age at which a patient should consider blepharoplasty?
A functional blepharoplasty is indicated sometimes within the first few weeks of life if the upper eyelids block the infant’s 
vision, as in severe cases of congenital blepharoptosis. If one or both eyelids block the child’s vision, normal visual 
pathways may not develop, leading to irreversible visual loss in one or both eyes. This phenomenon is called amblyopia. 
In epiblepharon, an anomaly common in young Asian children, the lower lid eyelashes are in contact with the cornea. 
Surgery may be required to correct this deformity. Cosmetic blepharoplasty also may be considered in children and young 
teenagers of Asian ancestry with heavily pseudoblepharoptotic lids, where lid folds need to be created. In general, it is 
preferable to wait until a person is old enough to cooperate under local anesthesia with intravenous sedation.

 7. Is the preaponeurotic fat continuous with the deeper orbital fat?
Yes. The preaponeurotic fat is an important landmark during blepharoplasty and blepharoptosis surgery. It is often the first 
fat encountered in making an incision through the orbicularis muscle and orbital septum, but beware. In some people, 
especially those with sunken-in upper lids, the sling, composed of septum connecting caudally with the aponeurosis, 
fuses higher than expected. In these people no fat buffer zone will be encountered to help identify the vulnerable lid 
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opening structures. Often excessive bits of this preaponeurotic fat beg for removal during upper blepharoplasty. In the 
upper lid it is the lateral fat that is contained within this septo-aponeurotic sling. The white or medial fat compartment is 
medial to this upwardly directed sling. It is because the aponeurosis of the levator muscle is located immediately posterior 
to this orbital fat that it is called preaponeurotic fat. All of it is in continuity with the deeper orbital fat (Fig. 75-1).

 8. Is it important to remove most of the fat from the lateral or central-lateral upper 
eyelid during blepharoplasty?
No. The contrary is true. The central-lateral fat, together with its sheath, provides a “ball-bearing” mechanism for the 
septoaponeurotic vehicle, which serves an important function during eyelid opening and closure. Excessive or aggressive 
removal of central fat may produce scarring capable of interfering with lid opening and result in blepharoptosis or 
lagophthalmos. Most people have a deep, hollowed-out area between the medial and lateral (central-lateral) compartments in 
the upper orbit. Loss of fat worsens this deformity and creates excessively deep-set upper lids or a superior sulcus deformity.

 9. What structure is often mistaken for fat in the upper eyelid?
The lacrimal gland. Look for its grayish coloration and texture differences. Its lobular character is more compact than 
fat. Be careful when removing fat from the lateral portion of the upper lid. Injury to the lacrimal gland may result in 
dryness of the eyes and the possible need for permanent use of artificial tears and lubricating ointments. If the gland is 
abnormally large, it is far better to tuck the gland beneath the orbital rim with one or more sutures, anchoring its capsule 
to the deep periosteum, than to resect the gland itself. Know that the septoaponeurotic sling descends lower laterally, 
making it easier to enter at this location. However, many Caucasians and some Asians have high fusion points of the 
septum and aponeurosis, allowing an unwary surgeon’s dissection to transect the aponeurosis and enter into Müller’s 
muscle and conjunctiva without first encountering lateral fat.

 10. Does removal of the palpebral lobe of the lacrimal gland have any deleterious 
consequences? What about the orbital lobe?
Removal of either the palpebral or orbital lobe of the lacrimal gland may adversely affect tear secretion. The lacrimal gland 
is divided into the palpebral and orbital portions by the lateral horn of the levator aponeurosis. The ducts for secretion 
of tears travel from the orbital lobe through portions of the palpebral lobe to reach the superior lateral fornix. Therefore 
cutting into or removing the palpebral lobe may decrease tearing by severing ducts and interrupting the passage of 
tears. Injury or removal of the orbital lobe of the lacrimal gland may adversely affect the secretion of tears by eliminating 
secretomotor innervation to both the orbital and palpebral lobes. Resist the temptation to resect parts of the gland.
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Figure 75-1. Upper eyelid anatomy. A, Note fusion of the levator aponeurosis and orbital septum to form the septoaponeurotic vehicle 
that serves as a ball-bearing mechanism for eyelid opening and closure. Sympathetically innervated Müller’s muscle inserts into the superior 
tarsus. B, C, The septum and aponeurosis may fuse at variable levels in the eyelid. In Caucasians the attachment usually is higher, whereas in 
Asians it usually is more inferior.
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11. What is a retrobulbar hemorrhage? What are the common causes and possible 
consequences?
A retrobulbar hemorrhage is bleeding that occurs posterior to the orbital septum or globe in sufficient quantity to exert pressure 
on the globe. It may result from trauma, orbital surgery, and especially the removal of fat during blepharoplasty. It also occurs as 
a result of injection of anesthetic in the retroseptal space and of frontal (brow) lifting with violation of the orbital septum during 
dissection, allowing scalp bleeding to enter the orbit. Orbital hemorrhage is much more common in hypertensive patients, 
in normotensive patients with intraoperative elevation of blood pressure, and in patients who use aspirin or other 
medications with anticoagulant properties. The risk of retrobulbar hemorrhage can be minimized by controlling pain and blood 
pressure preoperatively and intraoperatively, by precisely cauterizing all fat “mesentery” and vessels before transecting them 
(preferably by forceps coagulation rather than Colorado needle coagulation), and by using blunt-tip needles for deep orbital 
anesthesia. Except in severe exophthalmos, all significant retrobulbar hemorrhage usually causes visible protrusion of the globe.

Too much pressure on the globe may lead to irreversible loss of vision. The intraocular pressure at first remains within 
the normal range but may increase rapidly if the cause goes untreated. Normal intraocular pressure is 10 to 22 mm Hg. 
Pressures of 30 to 40 mm Hg should sound an alarm and motivate the surgical team to control contributing factors 
immediately. Intraocular pressure greater than 40 mm Hg represents real risk of visual compromise and demands 
immediate treatment. Intraocular pressures approaching diastolic levels put the eye in imminent danger of vein 
occlusion or retinal or nerve infarction, causing severe or total loss of vision. We strongly recommend that surgeons 
performing blepharoplasty and other orbital surgery have tonometry devices available during surgery.

12. How is a retrobulbar hemorrhage treated?
Treatment requires prompt recognition followed by measures to decrease pressure on the globe. Prompt control of pain 
and blood pressure elevation are often the most pressing needs, with application of light intermittent pressure on the 
orbit until these factors are controlled. A blunt instrument placed into the orbit through an existing incision may allow 
some blood to drain. Maximal exposure and illumination are essential in attempting to identify and cauterize the 
offending vessel, which often cannot be located. Lateral cantholysis may be necessary to allow the orbital tissues 
and eyelids to bulge forward to decrease the orbital pressure transmitted to the globe. Some physicians recommend the 
immediate use of mannitol or acetazolamide (Diamox) to lower the intraocular pressure.

Immediately after recognizing the condition, during or after a blepharoplasty or blepharoptosis surgery, reopen the incision 
and orbital septum, and drain the orbit with a blunt instrument. Monitor progress by taking tonometry readings. Another 
technique involves using a hemostat to create an opening in the orbital floor to decompress the orbit emergently. This 
technique is rarely indicated unless all other maneuvers fail. Anterior chamber decompression is not indicated.

13. What are the advantages and disadvantages of a transconjunctival blepharoplasty?
Transconjunctival incisions are useful lower eyelid surgical approaches when only fat (steatoblepharon) removal or orbital 
septum tightening with little or no removal of skin (minimal dermatochalasis) is required. Resultant scarring still exerts 
downward traction on the lower lid, although typically less than with skin or skin-muscle flap approaches. The incisions 
are within the lower conjunctival sac, going through the lower lid retractors to gain access to the lower eyelid fat. One 
clear advantage is the absence of visible external incisions, but conjunctival hemorrhage is commonly greater and hinders 
cosmetic concealment. Disadvantages include occasional difficulty in locating the proper tissue planes to identify the fat in 
respective compartments; inability to reduce lower eyelid skin; inability to tighten lower eyelid laxity, which usually is present; 
increased risk of injury to the inferior oblique muscle by inexperienced probing; and postoperative downward lid traction that 
can be both profound and surprising. Also, when the fatty bulge is eliminated, excessive skin will cause visible redundancy.

14. What effect does blepharoplasty or tissue removal from the upper eyelid have  
on the position of the eyebrows?
Most people requesting upper eyelid surgery have significant compensated eyebrow ptosis, that is, they must contract the 
frontalis muscle to effect comfortable, unobstructed forward and lateral vision. A clue to this condition may be transverse 
forehead creasing or corrugation, but young people and other individuals with lots of subcutaneous padding may telescope 
the skin when the frontalis muscle contracts and show no transverse wrinkling. In all people with compensated brow ptosis, 
the brow posture drops after upper blepharoplasty. Patients themselves often fail to see it because they automatically and 
subconsciously raise their brows and tilt their head backward when looking in a mirror, when facing a camera, or when under 
careful scrutiny. Therefore, all patients require a careful preoperative evaluation that compares the eye-closed, head vertical, 
and nontilted brow in a relaxed resting (uncompensated) position with the corresponding eye-open compensated elevated 
brow position. Full relaxation of the brow usually is best achieved with the eyes closed. The position of the eyebrows with the 
eyes closed and the forehead relaxed is the position toward which the eyebrows will drop after an upper lid blepharoplasty 
when no concurrent procedure is performed to secure proper eyebrow position, thereby preventing significant brow descensus.

15. Does lower lid skin or skin-muscle resection change the shape of the eye? If so, how?
Resection of even a small or conservative amount of lower eyelid skin in the presence of a lax lower lid will result in 
aesthetically unpleasing results. Skin resection in the setting of lower eyelid laxity results in a rounded lower eyelid 
with increased scleral show (especially laterally), directly mirroring the triangular section of skin typically removed. 
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This altered shape of the lower eyelid gives the patient a sadder and more tired appearance. Significant corneal and 
conjunctival exposure with characteristic symptoms typically accompanies lower eyelid retraction with vertical dystopia. 
True ectropion may occur if laxity of the lower eyelids is not addressed before or during lower eyelid blepharoplasty 
by some meaningful canthopexy procedure. The best approach is a secure two-layer canthopexy, even better when 
combined with a midcheek lift (referred to as optimaplasty or Mag 5). Good canthopexies allow more lower lid tissue 
resection, especially when combined with midcheek lifting, but remember that few periosteal canthopexies have 
long-lasting results. Significantly undercorrect skin excess when canthopexy support is limited to the periosteum.

16. What are the most common causes of postoperative eyelid ptosis?
The most common cause of postoperative ptosis is undiagnosed preoperative ptosis. Ptosis (blepharoptosis) describes 
a drooping of the upper eyelid. In a patient undergoing cosmetic or functional blepharoplasty, the type of ptosis most 
commonly encountered is due to brow ptosis, usually asymmetrically. The weight of the brow on the lower side results 
in ptosis, or a greater ptosis than on the less ptotic brow side. The more blepharoptotic upper eyelid usually is on the 
same side as the lower eyebrow. Half of these ptotic lids correct with effective brow elevation. This can be demonstrated 
manually preoperatively. After traditional blepharoplasty the preexisting ptosis usually is exaggerated during the first 
4 to 8 weeks postoperatively. This is because edema adds weight to the lid, which exaggerates the ptosis. The next 
most commonly encountered ptosis is due to dehiscence of the levator aponeurosis. Another common, but operative, 
cause of ptosis is accidental separation of the levator aponeurosis when the orbicularis is lifted and resected. Other 
causes include cicatricial restriction of lid opening and closing, usually as a result of previous surgeries; excessive 
tissue dissection via an upper lid incision, such as corrugator muscle removal; excessive tissue removal (especially fat); 
hemorrhage within the surgical field; and/or inflammation.

17. How is blepharoptosis categorized?
Congenital ptosis is present at the time of birth, whereas acquired ptosis occurs after birth. These broad categories can be 
divided into additional types based on the specific etiology. Various terms describing both congenital and acquired varieties 
include dysmyogenic, myogenic, neurogenic, involutional (or senile), aponeurotic, traumatic, cicatricial, mechanical, and 
structural. Many of these descriptive classifications overlap; a disease process may fit under more than one category.

Myogenic (dysmyogenic) blepharoptosis, the most common congenital type, results from dysgenesis or faulty 
development of the levator muscle. Much of the striated muscle is replaced with fibrous tissue and sometimes fat, 
resulting in limited contractile ability and capacity to relax. A child with congenital myogenic ptosis may have unilateral 
or bilateral involvement with decreased ability to open and close the eyes. Examples of acquired myogenic ptosis 
include muscular diseases, such as muscular dystrophy, oculopharyngeal dystrophy, or chronic progressive external 
ophthalmoplegia (CPEO), and orbital trauma with muscle injury.

Neurogenic blepharoptosis results from faulty innervation of the upper lid retractors. Ptosis is profound with complete 
interruption of innervation to the levator muscle (through the superior division of the oculomotor nerve) and subtle 
with interruption of the sympathetic innervation to the superior tarsal (Müller’s) muscle. One example of congenital or 
acquired neurogenic ptosis is Horner’s syndrome with sympathetic disruption, resulting in miosis, anhidrosis of the skin, 
and mild blepharoptosis.

Mechanical or traumatic blepharoptosis may result from any condition that interferes with the levator muscle or its 
innervation.

18. What is the treatment of postsurgical lagophthalmos?
Postsurgical lagophthalmos (inability to close the eyelids completely or to cover the globe adequately on caudal gaze) is 
common. It often is temporary but may be permanent. Far too much skin is commonly resected with upper blepharoplasty; as 
a result, the patient may have skin deficiency with a temporary or permanent lagophthalmos. Usually inherent mechanisms 
protect against it by dropping the brow dramatically. Brow elevation surgery rarely, if ever, results in skin deficiency unless 
the patient had previous (typically excessive) lid skin resection(s). Local anesthesia and swelling contribute to ptosis in the 
immediate postoperative period by blocking the orbicularis oculi more than the levator muscle. Postoperative edema of the 
upper lids during the first weeks after surgery commonly interferes with normal eyelid excursion as well as with blinking 
and may aggravate drying of the eye. We prefer to give all patients artificial tears and/or lubricating eye ointment for routine 
surgical aftercare. In general, 30 mm of upper lid skin is required for a normally functioning lid with a normally positioned 
brow; less than this amount often requires life-long use of artificial tears, lubricants, and other measures to prevent drying. 
(Measure from bottom of midbrow hair to eyelash margin with the eyelid under gentle stretch.)

19. What forms the supratarsal fold?
The upper eyelid supratarsal fold is also referred to as the upper eyelid or supratarsal crease. Supratarsal implies that 
the fold or crease is above the superior border of the tarsus, but this is not always the case, particularly in Asians. 
The crease is formed by insertions of fibrous extensions of the levator aponeurosis into the muscle and/or skin. It is 
beneficial to reestablish or preserve these connections during blepharoplasty so that the incision is appropriately hidden 
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Figure 75-2. Upper eyelid crease fixation using the closed or 
suture technique. A, The vertical height of the tarsus is measured. 
B, The superior edge of the tarsus is marked on the skin. 
C, Several small incisions are made along the marked line. D, E, 
Full-thickness nonabsorbable sutures are passed through the eyelid 
to create eyelid crease fixation at the superior edge of the tarsus. 
(From Flowers RS: Upper blepharoplasty by eyelid invagination: 
Anchor blepharoplasty. Clin Plast Surg 20:193–207, 1993, with 
permission.)

within the lid crease. It is pertinent, and of interest, that the lid always creases at a line marking the caudal extent of 
where the sling created by the aponeurosis and septum descends into the lid. Even with no fibrous connections into 
the skin, a lid fold would be created by the rotary motion of this sling, which surrounds the ball-bearing–like orbital fat. 
If the crease is not being recreated, you should always preserve the existing supratarsal crease, even when it seems 
exceptionally indistinct. Make the caudal margin of any skin excision approximately 1 mm above the supratarsal crease.

20. What is the double eyelid operation often requested by Asians or people of  
Asian ancestry?
Most people of East Asian ancestry, including those from China, Japan, Korea, and Southeast Asia, have a visible crease 
on the eyelid, at least during the first 2 or 3 decades of life. In many people they are quite well formed. In others the lid 
folds begin to be visible only on the central to lateral part of the eyelid. Because this fold (or crease) divides the lid into 
two sections (i.e., the part above and the part below the crease), the eyelids are referred to as double. An eyelid with no 
visible crease is referred to as single. These terms are uniformly used by most persons of East Asian ancestry. Often one 
eyelid is double and the other is single, or one lid fold is simply much more clearly defined than the other. Most people 
have an understandable desire for symmetry. The many different methods of lid fold creation fall into two groups: the 
closed or suture technique and the open technique. The senior author (R.S. Flowers) has often used a combination of the 
two when a conservative lid fold was desired with minimal postoperative swelling and morbidity.

In the closed technique, three or four tiny incisions are made at the desired level of fold creation on the external lid to 
allow the knot of suture to disappear into the substance of the lid, with a suture closing the skin overlying it. There are 
many variations to this technique. The sutures secure the lid skin to the aponeurosis (Fig. 75-2).

In the open technique, an incision is made across the lid. Skin and/or muscle is excised, after which the pretarsal skin 
flap is attached to the tarsus, the aponeurosis, or both. If the pretarsal skin height is made small, it can be attached to 
the conjoint tendon or the pretarsal extension of the aponeurosis. Clearing off the tarsus and tarsal attachment makes it 
more secure (Fig. 75-3).
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Figure 75-3. Open technique of upper eyelid crease fixation. 
A, The orbital septum is opened, and the pretarsal extension of 
the aponeurosis is dissected free from the pretarsal orbicularis. 
B, C, Pretarsal portions of the eyelid are debulked if needed. 
D, E, The inferior cut edge of the aponeurosis is secured to 
the edge of the pretarsal skin and the superior anterior tarsus 
using absorbable buried sutures. (From Flowers RS: Upper 
blepharoplasty by eyelid invagination: Anchor blepharoplasty. Clin 
Plast Surg 20:193–207, 1993, with permission.)
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In the combination technique, skin, with or without a sliver of muscle, is removed just above the level of suture creation 
of the lid fold. The lid sutures are placed through the open portion of the lid, and no additional small incisions are 
necessary on the lid. The sutures pull the pretarsal tissue to the tarsus and secure it there.

A conservative medial epicanthoplasty is helpful in achieving a long aperture and avoiding the appearance of esotropia 
and/or telecanthus. It also assists in creating a lid crease that originates outside or just above the remaining small 
epicanthus and looks maximally normal.

21. Where is the peripheral arterial arcade of the eyelid located?
The peripheral arterial arcade is located superior to the tarsus between the levator aponeurosis and Müller’s muscle. 
Many of these little arteries are within the substance of Müller’s muscle where it inserts into the tarsus. Great care 
must be taken when placing sutures into the cephalad margins of the tarsus to avoid these vessels. Puncture leads to 
hemorrhage into Müller’s muscle, which occasionally causes lid ptosis that may persist for 2 or 3 months after surgery.

An arcade is also located in the lower eyelid between the inferior tarsal muscle and lower eyelid retractors. These peripheral 
arcades anastomose with the marginal arcades, which are located near the lid margins of both upper and lower eyelids. 
The marginal and peripheral arterial arcades serve as points of anastomosis between the internal and external carotid 
systems. These arcades receive contributions from the angular artery, which is a branch of the facial artery from the 
external carotid system, and from the terminal portions of the orbital artery, which arises from the internal carotid system.

22. When is a coronal lift contraindicated?
 • When simulated brow elevation feminizes the eye in men.
 • When one or more previous blepharoplasties have excised too much skin from the upper eyelids. Further brow 
elevation will result in lagophthalmos.

 • When manual elevation of the brows preoperatively reveals lid retraction with eye opening, with exposure of the upper 
limbus. In such cases a frontal lift should be performed only with sufficient lower lid–canthal elevation to effect lid 
closure of the forehead “lift” limited to corrugator resection and lateral pull. If the lagophthalmus exists with lid skin 
resection, then a levator-lengthening procedure is in order.

 • When a deep and unattractive hollowed-out upper lid is exposed or made worse by manual brow elevation, which 
simulates the result of a surgical frontal lift.

 • When short or small eyelid apertures (measured horizontally, medial to lateral) are present. This is particularly relevant 
in men. However, the ptotic brow and lid overhang commonly disguises the apertures shortness. This is much less 
undesirable in women who can “lengthen” their eyes with makeup.

23. When is it appropriate to resect frontalis muscle?
Rarely, if ever. Sometimes a combination of both blepharoplasty and frontal lift is required to eliminate transverse 
forehead wrinkling, especially when brow ptosis is profound and dermatochalasis or pseudoblepharoptosis of the 
eyelid is advanced. Often, blepharoplasty (upper) alone or coronal lift alone (or endoscopic) causes the transverse creases 
to disappear.

24. Why does the medial brow commonly drop after blepharoplasty and/or elevation of 
the lateral brow?
The frontalis muscle inserts more effectively and consistently into the medial brow than into the lateral brow. 
When most people raise their eyebrows, the medial end elevates more than the lateral brow does. The need to 
clear up the residual lateral tissue overhang drives the frontalis contraction, causing overcorrection of the medial 
brow to adequately clear the lateral upper lid and/or juxtabrow tissue overhang. When lateral overhang is cleared 
by either blepharoplasty or lateral brow elevation (via direct excision or frontal lift), the medial brow will always 
drop. The cause is frontalis muscle relaxation, and it is almost always beneficial to the brow component of facial 
aesthetics. A negative aspect is that frontalis relaxation eliminates antagonistic pull against the corrugator, resulting 
in corrugator frown exaggeration.

25. How do you plan a medial epicanthoplasty?
Prominent epicanthal folds are common in many people, particularly Asians. These little canopies covering the medial 
apertures are best corrected with a small W-shaped incision, with the wide part of the W facing laterally and the 
small part facing medially. The middle point of the W should be level with and point directly to the medial canthus. 
Placing the central point of the W 0.5 mm lateral to the desired medial extent of the aperture. After completion of 
the design, excision of small skin triangles from the wings of the W follows, often joined centrally by a 1- to 2-mm 
connecting bridge. Closure is with interrupted 6–0 monofilament sutures on a tapered needle rather than a cutting 
one. This is an excellent technique for removing small or large epicanthal folds, which are common to all races. We 
believe that the most effective approach to epicanthal folds is the Flowers modification of the Uchida “split V-W” 
epicanthoplasty (Fig. 75-4).
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Figure 75-4. Medial epicanthoplasty. Flowers’ modification of the Uchida epicanthoplasty, which often accompanies the anchor procedure 
in patients of Asian ancestry. A, The central point of the W is marked 0.5 to 1 mm lateral to the desired medial exposure of the inner canthus. 
B, The W is drawn, varying in size with the prominence of the epicanthal fold. C, The two triangles are excised, often with a 1- to 3-mm 
skin bridge between them. D, The V is split down toward the medial canthus. E, The angles formed are sutured into the wing of the W with 
seven tiny sutures. Note that the upper arm of the W stays well above the medial extension of the lid fold incision to avoid a deforming band 
of contracture and a medial lid fold that is too high. Sometimes muscle and fibrous tissues contribute to the epicanthal fold and require 
transection before closure. The triangular flaps sometimes must be further shortened. (From Flowers RS: Upper blepharoplasty by eyelid 
invagination: Anchor blepharoplasty. Clin Plast Surg 20:193–207, 1993, with permission.)

26. How do you avoid lash or lid eversion and areas of lid retraction associated with 
invagination or “double eyelid” blepharoplasty?
First of all, understand that a prominent globe predisposes toward lash eversion and lid retraction. In performing an 
invagination blepharoplasty, the surgeon must take care not to attach the pretarsal skin segment under excessive tension 
when anchoring it to the tarsus and/or aponeurosis. Tension on the pretarsal skin causes the eyelashes to evert or turn 
upward, giving an abnormal “surprised” appearance whether the procedure is done in Asians or Caucasians. Tension on 
the pretarsal skin can be adjusted by changing the level at which the skin is anchored on the tarsus (the tarsal attachment 
of the pretarsal skin “checks” against lash eversion). Careful measurements of the height of the tarsus and the amount of 
skin for resection during blepharoplasty should be part of the preoperative assessment. To avoid retraction, make sure that 
the septum is opened with scissors angled slightly cephalad, leaving a small tuft of septum attached to the aponeurosis 
to lengthen it if necessary. Another way to lengthen the aponeurosis is by making diagonal fingers in the aponeurosis, 
rotating them downward. This can lengthen the aponeurosis up to 4 mm. In most normal adults a minimum of 30 mm 
of skin between the eyebrow and eyelashes should remain to allow attractive lid contour and normal function. With the 
brow in its relaxed position, the amount of excessive skin overhang obscuring the pretarsal lid multiplied by two gives an 
approximation of how much skin needs to be removed. From 1.5 to 2 mm should be added to that pretarsal measurement 
to allow for the tightly stretched skin and its “U turn” heading back up to the attachment point of invagination.

27. Are wedge resections and tarsal strip canthopexies recommended procedures for 
tightening the lower lid?
Various techniques are available for tightening the lower lid. Traditional wedge resections shorten the aperture but fail to 
correct the downward migration of muscle requiring tightening for gaping ectropions, and markedly lax and elongated 
lower lids. Always combine wedge resections with a well-done canthopexy to restore canthal position. The tarsal strip 
procedure, if done properly on carefully selected patients in these groups, can prove extremely helpful. Our preferred 
technique for tightening the lower lid in the vast majority of patients is a canthopexy anchoring the tendon–lateral 
retinacular complex of the lower eyelid into the bone, just inside the lateral orbital rim. Anchoring the retinaculum into 
bone results in a highly effective tightening and lateral canthal lift and positional restoration. It provides permanent 
and secure lateral canthopexy with superb results, which still are intact and competent 20 or more years later. Wedge 
resections fail to correct the commonly dropped tilt of the intercanthal axis lid while shortening the lid aperture. They 
also commonly result in small and “beady” eyes that are difficult, if not impossible, to correct.

28. What are the pros and cons of the endoscopic forehead lift?
The main advantage of the endoscopic forehead lift is less total scar length on the scalp, which may be of particular 
benefit for men or even women with various balding patterns. Another advantage is a potential for less bleeding because 
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fewer scalp vessels are cut in the process. Usually only three to five incisions measuring 1.5 to 2.0 cm are made within 
the hairline for endoscopic techniques.

The disadvantages of the endoscopic forehead lift are numerous. Maximal removal of the corrugator muscles, one of 
the most important aspects of forehead lifting, is difficult and exceptionally time-consuming endoscopically. Because 
of the difficulty in identifying tissue planes, the risk of injury to important motor and sensory nerves increases. The 
major drawback is the repertoire of important tasks that are extremely difficult, if not impossible, endoscopically. 
The list includes canthopexies, especially those into the bone with its commonly accompanying second layer muscle 
canthopexy, as well as orbital rim, root of the nose, and glabellar ostectomies. Periosteal flaps and other anchoring 
devices that help secure the eyebrow into its most optimal position (especially with asymmetrically ptotic brows) 
generally require open approaches. The endoscopic approach also does not enjoy the advantage of the coronal incision’s 
easy access for inserting and/or straightening nasal dorsum grafts or implants. Finally, the blind subperiosteal dissection 
of the endoscopic approach often leads to transection of aberrant or anomalous supraorbital and supratrochlear nerves 
and encourages central brow elevation and overcorrection.

An open technique allows thorough visualization of the corrugator, depressor supercilii, and procerus muscles for 
their modification. It also allows access to the periosteum and supraorbital cranium above the orbital rim for a whole 
host of other surgical possibilities, including orbital expansion, and the most secure and long-lasting canthopexy 
possible.

29. Are transblepharoplasty methods of corrugator muscle resection and brow 
elevation effective for eliminating deformity? How do they compare with other 
techniques?
Transblepharoplasty approaches may improve the deformity but do not compare with the effectiveness of a direct 
maximal excision, especially with the aid of good surgical loupes. When removal of the corrugator muscle is 
incomplete, other methods can be used to decrease the corrugator frown, such as repeated injections with botulinum 
toxin, injections of various “fillers,” cutting the motor nerve to the corrugator, or placement of alloplastic implants. 
However, these methods compensate for an operation that failed to achieve its goal. The route to the corrugator 
muscles through a blepharoplasty incision not only is lengthy and somewhat tedious, but it also predisposes to deep 
scarring and lid deformity, such as cicatricial ptosis and/or lagophthalmos, in a significant number of patients. Precise 
transblepharoplasty corrugator removal is extremely difficult without causing injury to important nerves. Accurate 
identification of the supratrochlear nerve and its isolation from the corrugator muscle before muscle excision become 
quite difficult, as does the delicate removal of corrugator fibers as they weave their way anterior to the supraorbital 
nerve branches. Such a maneuver is easy through the open approaches.

Transblepharoplasty approaches to the orbital rim and frontal area for brow suspension offer some help but prove 
inadequate for the quality of repair needed. In our opinion, they are poor substitutes for open and complete removal of 
the corrugator muscle.

30. When is a direct excision of lower eyelid skin indicated?
Direct excision of lower eyelid skin is indicated for patients who have true excess rather than merely a dropped lid 
posture with pseudoexcess. Extreme care must be taken so that skin removal does not result in a pulling down or 
rounding of the lower eyelids. This problem always occurs unless an effective lid support procedure or canthopexy 
(canthal tightening) is also performed. Counsel all patients about the impossibility of completely removing the wrinkles 
of the lower eyelid, especially during smiling. Sometimes a type of resurfacing, with either laser modalities or chemical 
peel, may be a preferred treatment, but these too are lid skin shortening procedures, just as are skin excisions. These 
“resurfacing” procedures as well as most all skin excisions must be accompanied by some effective form of canthopexy 
if deformity is to be prevented. An advantage of resurfacing is the uniform skin shortening, which contrasts with the 
almost inevitable triangular-shaped surgical excision. Skin can be removed independently or as a portion of a skin-
muscle flap, depending on the surgical procedure. Our preference is a short skin flap leaving a small amount of pretarsal 
orbicularis beneath the subciliary incision. Below that increase the flap thickness to include orbicularis. If there is no 
arcus marginalis and subperiosteal midcheek release, then proceed with a generous orbicularis muscle elevation in 
the lateral, malar, and subcanthal area. Then perform a two-layer canthal support and tightening of tendon, followed by 
orbicularis. Our preference is to leave the orbicularis and septum attached to each other, going deeper in the lid (deep to 
the orbital septum) and releasing the arcus marginalis at the orbital rim, continuing the dissection subperiosteally, and 
doing a generous malar release that divides the periosteum distally and facilitates a superb midcheek lift. A two-layer 
canthal tightening procedure (tendon and retinacular tissue as one layer and orbicularis as the other) follows. We usually 
attach the malar tuft to a small drill hole in the orbital rim with an absorbable 3–0 Vicryl suture. The orbicularis support 
is enhanced and broadened by several laterally placed Vicryl sutures attaching lateral orbicularis to deep temporal 
fascia. This has an amazing effect of eliminating the crease at the lid–cheek crease junction and diminishing the 
prominence of tear trough deformities. With limited undermining there usually is no need to remove more than several 
millimeters of lower eyelid skin.
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31. What is the best method to rid a patient of the deep grooves commonly present near 
the junction of the eyelid and cheek skin?
Deep grooves near the junction of the eyelid and cheek are either tear trough deformities or nasojugal grooves. With 
tear trough deformity, the problem is primarily a bone defect. The nasojugal groove represents the muscular deficiency 
between the orbicularis oculi muscle and the angular head of the levator labii superioris (levator labii superioris alaeque 
nasi). Another contributing factor is the often tight adherence of muscle and orbital septum to the orbital rim and the 
arcus marginalis.

Different techniques have been used through the years. Loeb, Flowers, Hamra, and others have described techniques in 
which pedicles of orbital fat are mobilized into these areas. Free fat can be transplanted (or injected) as another method. 
The use of tissue fillers is yet another approach. The Flowers tear trough implant is the best option when a palpating 
finger clearly discerns and defines a suborbital malar bony defect. In such instances, an eyelet cut within the implant 
accommodates passage of the infraorbital nerve. The implant fits nicely into the defect, allowing a nasal attachment 
to the inferior orbital rim periosteum. Small holes throughout the implant allow tissue ingrowth and fixation. Implants 
can be inserted through subciliary, transconjunctival, intraoral, or direct incisions. The transconjunctival incision is best 
reserved for patients without prominent supraorbital ridges. Free grafts commonly leave irregularities, and fat injections 
leave palpable and often unacceptable visible protuberances. The same is the case for a host of other tissue fillers, 
most of which are temporary. Among this myriad of possibilities, our preference is injectable calcium hydroxylapatite 
(Radiesse), built up in rows of filler “cylinders” around the infraorbital nerve.

32. How do you permanently secure the brow into its desired (elevated) position?
Many techniques have been used. Surgeons involved in endoscopic brow lifting sometimes use screws, plates, or 
permanent sutures to anchor the brow until adequate healing and fibrosis are able to secure the brow in its new position. 
Similar techniques can be used with open large flap procedures, but fixation hardware is less frequently required. With the 
open procedures, markedly improved fixation is produced by removing the superficial temporal fascia (subgaleal tissue) 
in the parietotemporal area. This method allows better adhesion of the forehead flap to the skull. Remember that it is easy 
to overcorrect the medial brow and difficult to adequately correct the lateral brow. For these reasons, periosteal flaps 
occasionally are used with developmentally low, and especially asymmetrically low, eyebrows. In patients with asymmetry, 
the flap usually is restricted to the lower side (which usually is the right). This secures the brow into the desired elevated 
position. The superiorly based periosteal flaps are inserted into a beveled incision, made within the eyebrow hairs at the 
junction of the medial and lateral thirds of the eyebrows. The 2-mm-wide flap is taken just at the border of the temporalis 
fascia. This technique limits the caudal descent of the lateral brow, but the brow still can be raised by frontalis animation. 
This technique is far better than methods that fix the brow in place without allowing movement.

33. What is Whitnall’s ligament?
It is a condensation of the sheath overlying the anterior superior part of the levator muscle. Medially, it arises from 
connective tissue of the frontal bone posterior to the trochlea. Laterally, it attaches to the capsule of the orbital lobe of 
the lacrimal gland and to the frontal bone portion of the lateral orbital wall approximately 10 mm above the lateral orbital 
tubercle. This structure is the point at which the direction of pull of the levator muscle changes from a horizontal to a 
vertical direction. It serves to limit the elevation of the eyelid with check ligaments. During blepharoptosis procedures, 
do not suture Whitnall’s ligament to the tarsus or other eyelid structures because this may result in a permanent 
lagophthalmos or inability to close the eyes. The superior transverse ligament was first described by Whitnall in 1910.

34. What is Lockwood’s ligament?
It is a hammock-like system with contributions from the inner muscular septae, retinaculum, Tenon’s capsule, and lower 
eyelid retractors. Posteriorly, Lockwood’s ligament arises from fibrous attachments from the inferior side of the inferior 
rectus muscle and continues anteriorly as the capsular palpebral fascia and lower eyelid retractors. This suspensory 
system has medial and lateral horns that extend into the retinacula. The medial retinaculum, in turn, attaches to the 
posterior lacrimal crest, and the lateral retinaculum attaches to the lateral orbital tubercle of Whitnall. The suspensory 
system of the globe was initially described by Lockwood in 1886. This suspensory system is tightened, the sagging 
globe is lifted, and the upper orbital hollowness is reduced by two-layer canthopexies secured into bone.

35. In patients with eyeliner and eyebrow tattoos, where should the blepharoplasty 
incisions be placed?
If a person wants the eyeliner tattoos on the lower lid removed or reduced, a subciliary incision superior to, or within, the 
tattoos allows their eradication, or reduction, provided the tattoos are not within the eyelash “line,” sufficient lower lid 
skin is present, and the lid is properly supported with canthopexies. Do not forget these supporting maneuvers. Tattoos 
on the gray line or surrounding the lashes cannot be removed without sacrificing eyelashes. If a person wants to preserve 
the tattoos, make the lid incision at the caudal margin of the tattooed eyeliner or just within it (to “spiff up” the “bleed” of 
pigment into surrounding areas.) The scar helps prevent the eventual, or continued, “bleed” into adjacent tissues.
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Often, eyebrows have been tattooed to make up for deficient, nonexistent, or excessively caudal positioning. Rarely is it 
desirable to excise skin cephalad to these tattoos, nor is it feasible to perform other types of frontal lifts because they 
all will further elevate the tattooed brow. When there is excessive skin on the upper lid of the sort that normally would 
be corrected by a brow positioning procedure, the optimal solution often is a direct excision of brow tissue bordering 
the tattooed eyebrow. In this way the illusion of the brow remains in the optimal position, and special irreplaceable, thin 
eyelid skin that functions far better on the eyelid than thick, unwieldy brow or juxtabrow skin remains.

36. Which cranial nerve innervates the lacrimal pump that drains the tears?
The seventh cranial nerve innervates the orbicularis oculi muscle. The deep heads of the medial pretarsal and preseptal 
orbicularis contract and exert traction on the fascia immediately lateral to the lacrimal sac, known as the lacrimal 
diaphragm. This traction during contraction of the orbicularis creates a relatively negative pressure within the lacrimal 
sac that draws tears through the puncta and canaliculi into the lacrimal sac. Relaxation of the orbicularis oculi allows 
the lacrimal sac to collapse, and the tears traverse the nasolacrimal duct to the nose.

37. What is the difference in the terms “canthopexy” and “canthoplasty” as applied to 
tightening procedures on the lower eyelids?
For most patients the goal is not to alter so much as to recapture the shape and contour of the eyes they had in 
their youth. For others with natural or developmental transverse or reversed (antimongoloid) intercanthal axis tilts, 
the goal is indeed to raise the canthal insertion. One operation achieves the desired end result for both conditions, 
whether degenerative or congenital. The same operation also offers superb correction of iatrogenic and posttraumatic 
deformities. One name can efficiently describe that flexible procedure and eliminate the confusion between –pexy 
and –plasty, which hinges on a positional change of 1 to several millimeters in drill hole and/or suture position. Whether 
in actuality or illusion, because the eye appears lifted (with restoration of youthfulness and pleasing aesthetics), the 
choice and most logical descriptive term seems to be canthopexy!

38. During blepharoplasty, where is the “white” fat?
The medial or nasal upper eyelid fat usually has a color that is paler (white or yellow-white) than other fat of the eyelids 
and orbit. The lateral fat of the upper eyelid has a deeper yellow color. The medial fat pad of the upper lid may move 
anteriorly more prominently than do the other fat pads, resulting in a large bulge of the upper medial eyelid just inferior 
to the trochlea of the upper medial orbit. Often there is a hollowed-out defect in the area between the white medial fat 
compartment and the lateral “yellow” fat compartment, where the nasal portion of the septoaponeurotic sling housing 
the fat migrates superiorly. The medial lower eyelid fat is likewise pale in color.
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The Nasolabial Fold

 1. What are the nasolabial crease, nasolabial fold, and malar fat pad?
The nasolabial crease (NLC), or sulcus, is the facial line between the upper lip and cheek, extending from the 
alae nasi to the lip commissure. The crease may extend superiorly to the side of the nose and inferiorly below 
the commissure. The nasolabial fold (NLF) is the bulging fat pad and skin lateral to the NLC. The malar fat pad is 
the triangular fat pad with its base along the NLC and, in young people, its apex along the body of the zygoma. It 
lies over the zygomaticus major muscle, levator labii superioris muscle, and orbital portion of the orbicularis oculi 
muscle.

 2. What are marionette lines?
Bilateral inferior extensions of the NLC below the commissure resemble the vertical lines on the lower face of a 
ventriloquist’s dummy and thus are referred to as marionette lines.

 3. What is one of the more noticeable aesthetic changes between a young adult and the 
same person 30 years later?
Deepening of the NLC and accentuation of the fold with concomitant inferior, lateral, and anterior displacement of 
the cheek mass and the tissue lateral to the fold occur with aging. The inferior migration of the cheek mass leaves a 
noticeable hollow in the infraorbital area.

 4. What is the anatomy of the NLF area?
In the superficial layer the subcutaneous tissue from the adjacent cheek area crosses the NLF in the upper lip, where it 
changes to a dense, thin fascial–fatty layer closely attached to the skin and to the superficial portion of the orbicularis 
oris muscle. Beneath the subcutaneous tissue the superficial musculoaponeurotic system (SMAS) extends across 
the NLF and merges with the superficial portion of the orbicularis oris muscle of the upper lip. The deep layer of the 
orbicularis oris muscle merges with the superficial layer at the NLF, together with the SMAS.

 5. What are mimetic muscles? What is the relationship between the SMAS and the 
mimetic musculature near the NLF?
The mimetic musculature is composed of individual muscles that receive their innervation from the facial nerve and are 
responsible for facial movement. The mimetic muscles and superficial facial fascia (SMAS) function as a single anatomic 
unit in producing movement of the facial skin. The SMAS is intimately associated with the mimetic muscles. Muscle 
contracture is translated into movement of overlying facial skin through the vertical fibrous septa extending from the 
SMAS into the dermis. Anatomically the SMAS divides into superficial and deep fascial leaves and invests or surrounds 
the superficially lying mimetic muscles (platysma, orbicularis oculi, zygomaticus major and minor, and risorius). The 
investiture of the mimetic muscles by the SMAS forms a single functional anatomic layer with muscle and fascia 
working in continuity to produce movement of facial skin.

 6. What is the anatomic and clinical difference between the tissue medial and lateral to 
the NLC?
The tissue medial to the crease has subcutaneous muscle attachments that protect against the effect of gravity. Lateral 
to the crease the muscle does not insert into the skin and thus remains without deep support. For this reason, the lateral 
tissue descends at a quicker rate than does the medial tissue.

 7. What are the retaining ligaments of the face?
Facial skin is supported in normal anatomic position by retaining ligaments that run from deep, fixed facial structures 
to the overlying dermis. The two types of retaining ligaments are (1) true osteocutaneous ligaments, which are a series 
of fibrous bands that run from periosteum to dermis (e.g., zygomatic and mandibular ligaments); and (2) supporting 
ligaments formed by a coalescence between the superficial and deep facial fascias in certain regions of the face (e.g., 
parotidocutaneous and masseteric cutaneous ligaments) (Fig. 76-1).
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 8. Which of the retaining ligaments suspend the malar fat pad?
The zygomatic ligaments, which are a series of fibrous septa that originate from the periosteum of the malar region. 
They begin where the zygomatic arch joins the body of the zygoma and continue over the malar eminence. A particularly 
stout ligament originates along the most medial portion of the zygoma near the zygomaticomaxillary suture. The fibers 
composing the zygomatic ligament extend through the malar fat pad (McGregor’s patch) and attach to the dermis of the 
malar skin to suspend the fat pad over the underlying zygomatic eminence.

 9. Does any other anatomic structure contribute to supporting the malar fat pad?
The maxillary eminence. Patients with a greater anterior slope of the maxilla have increased support of the cheek tissue 
and less prominent NLF.

10. What is the cause of a prominent NLF?
Aging is associated with attenuation of the zygomatic retaining ligaments. Because of ligamentous laxity, the malar 
soft tissue migrates downward along the direction of the zygomaticus major muscle, bulging against the NLC. The skin 
lateral to the crease stretches and becomes redundant, forming a prominent NLF.

11. What are the sequential migration vectors of the cheek mass?
Initially, the migration vectors are inferior and parallel to the contraction of the mimetic muscles and perpendicular to the 
NLC. When inferior movement is restrained by the dermal–fascial attachments of the NLC, the tissue slides laterally and 
anteriorly over the crease with accentuation of the NLF.

12. What is the role of midface muscle in a prominent NLF?
The mimetic muscle contraction transmits a shearing force on the fascial attachments between the SMAS and overlying 
subcutaneous tissue and skin. The malar fat pad migrates downward and forward, producing a prominent NLF. 
Accentuated contraction of the levator muscle, as seen with smiling, pulls cephalically and deepens the NLC with further 
bulging of the ptotic fat pad.

Zygomatic ligaments

Zygomaticus minor m.

Zygomaticus major m.
Masseteric cutaneous ligaments

Risorius m.
Parotid cutaneous
ligaments

Mandibular ligaments

Figure 76-1. Facial soft tissue is supported in normal anatomic location by a series of retaining ligaments. The zygomatic and 
mandibular ligaments are examples of osteocutaneous ligaments that originate from periosteum and insert directly into dermis. 
The masseteric and parotid cutaneous ligaments are formed as condensations between the superficial and deep facial fascias. 
Rather than originating from periosteum, these ligaments originate from relatively fixed facial structures such as the parotid gland 
and the anterior border of the masseter muscle. Attenuation of support from these retaining ligaments is responsible for many of 
the stigmata seen in the aging face, including deepening of the nasolabial crease and increased prominence of the nasolabial fold. 
(From Stuzin JM, Baker TJ, Gordon HL: The relationship of the superficial and deep facial fascia: Relevance to rhytidectomy and 
aging. Plast Reconstr Surg 89:441–449, 1992, with permission.)
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13. What is the effect of facial nerve paralysis on NLF appearance?
Facial nerve paralysis results in less prominence of the fold because the tissue medial to the crease no longer has 
underlying support and descends in a similar fashion to the lateral tissue.

14. What can you inject or insert in the NLC to improve its appearance?
Both autologous tissue and synthetic material may be used. Fat and various synthetic materials can be injected in the 
NLC. Silicone injections are not appropriate. Hyaluronic acid substances have been well tolerated beneath the NLC. They 
resorb with time.

15. When should fat injection of the NLC be considered?
Fat injections of the NLC are used frequently. This technique is especially appropriate in patients who are having other 
facial rejuvenation procedures at the same time. The best candidates for fat injections are younger patients, but older 
patients may benefit as well.

16. When performing fat grafting, how much fat should be injected?
Fat grafting is the long-term injectable par excellence. It is readily available, it does not require pretesting, and the result 
is very natural. The fat usually is suctioned from the abdomen and medial and lateral thighs using special fat-harvesting 
cannulas and injected into the NLC. Some surgeons overfill by approximately 30% because they believe that 30% will 
resorb in the few weeks following. Complications such as hardness or infection are rare.

17. What short-term injectable agents are available to treat the NLC?
Many products now are available for temporary treatment of the NLC. These products last an average of 3 to 6 
months. They include the collagen agents (Zyderm 1, Zyderm 2, Zyplast), which last 3 to 4 months and require 
pretesting. CosmoDerm and CosmoPlast last approximately 4 months and do not require pretesting because they are 
cadaver derived. The newer products on the market are the hyaluronic acid derivatives (Hyaloform and Hyaloform Plus, 
Restylane, Juvéderm, Perlane). These hyaluronic acid derivatives last 4 to 7 months and do not require pretesting.

18. What are the two most commonly used longer lasting agents for the treatment of the NLC?
Sculptra and Radiesse are two longer-lasting injectable agents that remain over a year and close to 2 years. Granuloma 
formation requiring excision may be a problem with these agents.

19. Who is the best candidate for direct crease excision?
Direct crease excision is rarely, if ever, indicated because it leaves a permanent scar. Fillers and lifting are more 
appropriate treatments of deep creases.

20. What can you offer a patient with thick skin and slight fold prominence who prefers a 
minimally invasive procedure?
Fat injection or a dermal–fat graft can be used. The fat is obtained from the deep plane of the lower abdomen and injected 
beneath the crease after the fibrous bands between dermis and muscle are released. With this technique some overcorrection 
can be considered, but the result is not always predictable because of the variable survival of the injected fat cells.

Dermal–fat or SMAS grafts may be considered.

21. How can the malar fat pad be repositioned?
Elevation of the skin-subcutaneous flap or the SMAS flap can reposition the malar fat pad.

22. How extensive need the SMAS dissection be to elevate the malar fat pad to its 
original position and decrease NLF prominence?
The SMAS dissection usually should reach the malar region. The zygomatic and masseteric ligaments are released 
incrementally as well as the ligaments medial to the zygomaticus minor muscle. The division of these restraints allows 
greater mobility of the malar portion of the SMAS and the NLF. The malar fat pad, along with the SMAS, is repositioned 
over the zygomatic eminence, perpendicular to the NLC and parallel to the zygomaticus major muscle. The amount of 
undermining varies for each patient as the surgeon follows the mobilization and the effect on the patient’s face.

23. With the extended SMAS dissection, what step should be performed at the level of 
the zygomaticus major muscle to maximize resuspension of the malar fat pad?
Because of the tethering effect of the retaining ligaments in the area of the zygomaticus major muscle, this release to 
which the SMAS is closely attached is effective. Traction exerted on the skin and fat superior and lateral to the NLC is 
transmitted to the NLC after release of these zygomatic-retaining ligaments. This tethering effect is otherwise maximal 
at the bony origin of the zygomaticus major muscle.
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24. What change do you expect in the NLF with superior and lateral SMAS pulling 
without releasing the SMAS from the zygomaticus major muscle?
The pulling of the SMAS shortens the mimetic muscles between the modiolus and their bony origin. The overlying soft tissue 
moves for a smaller distance than does the muscle. The pull is transmitted from the SMAS to the orbicularis oris muscle 
medial to the crease. The medial tissue moves superiorly and laterally for a greater extent than does the lateral tissue, which 
is attached less strongly to the underlying structures. The consequences of these dynamic changes are deepening of the NLC 
and accentuation of the NLF. A similar situation can be seen during smiling. The actions of the zygomaticus major muscle and 
deep orbicularis oris muscle transmit a similar pulling to the medial tissue via the joining structure, the SMAS.

25. In the malar fat pad suspension technique, the fat pad vector is the skin flap. 
Describe this approach.
The skin-subcutaneous flap incorporates the malar fat pad, which needs to be completely dissected from the underlying 
retaining ligaments. The platysma-SMAS flap is elevated as needed. A fixation suture is sewn from the apex of the 
fat pad to the superficial fascia of the malar eminence or deep temporal fascia. The suture is placed along a line 
perpendicular to the NLC approximately 2 cm above and 1 cm in front of the ear until the pad is maximally elevated.

26. When the malar fat pad is based within a skin flap vector, what is the direction and 
the amount of fat pad lifting needed to correct the NLF?
The direction of the lifting is superolateral and roughly perpendicular to the crease. With mild laxity the fat pad can 
be repositioned and adequately supported by the cheek flap alone. With more severe laxity a wider and stronger 
repositioning is needed, necessitating a suspension technique.

27. What is the role of suction-assisted lipectomy in corrective surgery of the NLF?
After raising the SMAS for the extent required to obtain repositioning of the ptotic malar pad, any residual fullness of the 
NLF area can be sculpted under direct vision using a 2-mm liposuction cannula.

28. What is the role of the subperiosteal approach in corrective surgery of the NLF?
The subperiosteal approach allows detachment of the central third of the face at the subperiosteal level. After SMAS and 
subcutaneous dissection, superior and lateral pulling allows transmission of the forces to the full thickness of the NLC 
and NLF areas that are completely freed from the underlying bone. Movement of the tissue to a higher and more lateral 
position results in flattening of the NLF.

29. What is the recommended amount of undermining below the fat pad to address the NLF?
The amount of undermining varies for each patient but can be extensive. For mild midface laxity and mildly prominent 
NLF, some believe the undermining should extend beyond the malar eminence over the inferolateral orbicularis oculi 
muscle to the origin of the zygomaticus major muscle. For more severe midface laxity and migration of the fat pad, 
some surgeons believe the entire fat pad should be undermined to the level of the NLC.

30. Describe the anatomy of the subcutaneous fat deposits in the face. How do these 
deposits affect the appearance of the NLF and the aging face?
Pessa and Rohrich identified 17 compartmental subcutaneous deposits of fat in the face. Accordingly, the face does 
not age uniformly. In youth, the transition between these compartments is largely imperceptible. However, with aging, 
some compartments undergo apparent loss of volume while others may expand or deform. The differential expansion 
or volume loss in these compartments may lead to altered facial contour. This includes the deepened NLC and the 
accentuated NLF, both of which result in a prematurely aged appearance.

31. What adjunct can be offered to the patient who requests treatment of the NLCs that 
is both minimally invasive and reversible?
The efficacy of Botox in addressing rhytides in the upper third of the face is well documented. The effects of Botox can 
be used to minimize rhytides in the lower third and NLC as well, by targeting the mimetic muscles that are responsible 
for their formation. However, this often provides suboptimal treatment of the deep NLC. This is due to the fact that the 
NLC–NLF complex is the combined result of cutaneous, muscular, and osseous factors.

32. Which muscles of the face are most responsible for the smiling mechanism? Which 
is most responsible for forming the medial NLC?
In a study of the dynamic forces of the mimetic muscles, the elements of the smiling mechanism were isolated. The 
zygomaticus muscles generate the vectored forces responsible for the majority of smile formation. Conversely, the tension 
forces most responsible for the formation of the medial NLC are generated by the paired levator labii superioris alaeque 
nasi muscles. Therefore these muscles are a target for Botox injection or surgical resection to improve the appearance of 
the NLC. Interestingly, the normally occurring anatomic variants of facial muscle insertions into the skin and soft tissues 
are responsible for the presence or absence of dimpling in this area when smiling. The formation of a “dimple” on smiling 
is the result of aberrant mimetic muscle fibers fusing to more superficial layers of the face, including the skin.
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33. Which of the following approaches to rhytidectomy best addresses the NLF: 
Lateral SMAS-ectomy, conventional SMAS, extended SMAS, or composite 
rhytidectomy?
In a prospective review, patients undergoing these various approaches to facial rejuvenation were evaluated. The 
study has received much criticism. It is believed that each surgeon must decide what works best in his/her hands. 
The extended SMAS with emphasis on facial augmentation and anatomic reduction of fat deposits has proved helpful. 
Various methods also have been used to address submandibular gland ptosis (Fig. 75-2).

Figure 76-2. Preoperative (left) and 
postoperative (right) photographs of a patient 
who underwent endoscopic forehead rejuvenation, 
upper blepharoplasty, rhytidectomy, and neck 
rejuvenation. Correction of the prominent nasolabial 
folds and jowls helped to provide a more youthful 
postoperative appearance of the lower third of 
the face. (From Sullivan PK, Salomon JA, Woo AS, 
Freeman MB: The importance of the retaining 
ligamentous attachments of the forehead for 
selective eyebrow reshaping and forehead 
rejuvenation. Plast Reconstr Surg 117:95–104, 
2006, with permission.)
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Rhytidectomy

 1. What are the different types of face lift procedures?
There are four basic types of face lift surgeries:

1. Skin only
2. Skin and superficial musculoaponeurotic system (SMAS)-platysma
3. Skin and SMAS-platysma and midface suspension
4. Deep plane and/or a combination of 1, 2, and 3

 2. Describe the various face lift techniques used and give an example of a good 
candidate for each.
 • Skin Undermining and Redraping Only: This technique does not involve any manipulation of the SMAS. It is useful in 
the patient with a very thinned face who may be undergoing secondary or tertiary rhytidectomy.

 • SMAS Plication: This technique involves suturing the edges of the SMAS together without excision or incision into the 
tissue. Plication pulls on unreleased facial fascia (still bound by the retaining ligaments), so obtaining proper vectors 
of elevation and long-lasting fixation may be problematic. A good candidate for this technique is a patient with a thin 
face and thin facial fascia from whom you do not want to excise any more soft tissue. Secondary and tertiary face lift 
patients usually are good candidates for this procedure (Fig. 77-1).

 • Skoog Rhytidectomy: This early face lift procedure involved elevation of the skin and SMAS as a single unit, which 
then was advanced posteriorly onto the cheek and neck. The SMAS was used to transmit a stronger and more 
lasting suspensory pull on the facial tissues. Skoog’s method had a major impact on facial aesthetic surgery for its 
identification of the SMAS as a discrete layer that could be used to augment skin suspension. This procedure is suited 
for someone with cervical laxity without much nasolabial fold ptosis or midface descent.

 • Lateral SMASectomy: Described by D.C. Baker, lateral SMASectomy involves excision of a strip of SMAS along the 
anterior border of the parotid (from just above the angle of the mandible to the malar prominence). It is performed 
at the interface of the superficial fascia fixed by the retaining ligaments and more mobile anterior superficial facial 
fascia. Upon closure, this brings the mobile SMAS up to the junction of the fixed SMAS, producing a durable elevation 
of both superficial fascia and facial fat. This technique is applicable to patients with a wide variety of anatomic 
problems, is reproducible, and is safe (Fig. 77-2).

 • SMAS Flap: With this technique, the skin is elevated first, then the SMAS is elevated as a separate flap. Many 
surgeons have popularized and used this technique, and it is ideal in many patients with the classic signs of facial 
aging, especially those with a substantially thick SMAS, and in primary rhytidectomy patients (Fig. 77-3).

 • Extended SMAS Flap: Mendelson advocates an extended SMAS dissection that continues beyond the zygomatic 
ligament, identifies the zygomaticus major, and releases the SMAS from that muscle. The key to satisfactory 
correction of the nasolabial fold is complete release of the SMAS from the zygoma and zygomaticus major. The 
SMAS then is sutured to the periosteum of the zygoma. Stuzin has also advocated extending the SMAS dissection 
over the zygomaticus major to adequately release the SMAS, set appropriate tension on the nasolabial fold, and 
superiorly reposition the jowl and cheek fat. These techniques rely on the anatomic fact that mimetic muscles 
are innervated from their deep surfaces except for the three that are deeper in location and innervated on their 
superficial surface (mentalis, depressor anguli oris, and buccinator). To obtain mobility of the superficial fascia in the 
extended SMAS dissection, mobilization of the SMAS peripheral to the retaining ligaments with complete dissection 
of the SMAS from the underlying parotid gland and from the superior aspect of the masseteric ligaments is done. 
The ideal patient for this procedure has prominent nasolabial folds and jowls, but the procedure can be used on a 
variety of patients.

 • Deep Plane Rhytidectomy: In the deeper plane techniques the fat overlying the zygomaticus muscles is elevated in 
the face lift flap and the platysma is left attached to the skin flap. This procedure is generally indicated for the patient 
with midface descent and ptosis. This technique was popularized by Hamra.

 • Composite Rhytidectomy: Variations of this procedure have been described by Hamra, Barton, and Aston. The 
platysma, malar fat, and orbicularis are elevated in the face lift flap. Barton describes releasing the investing fascia 
and moving the plane of dissection superficial to the SMAS at the level of the belly of the zygomaticus major muscle 
so that the anterior cheek skin is placed under enough tension to stretch out or efface the nasolabial fold. See 
Question 5 for the senior author’s technique.
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 3. What are the retaining ligaments of the face?
Facial skin is supported in normal anatomic position by retaining ligaments that run from deep, fixed facial structures 
to the overlying dermis. The two types of retaining ligaments are (l) true osteocutaneous ligaments, which are a series 
of fibrous bands that run from periosteum to dermis (e.g., zygomatic and mandibular ligaments), and (2) supporting 
ligaments formed by a coalescence between the superficial and deep facial fascias in certain regions of the face 
(e.g., parotidocutaneous masseteric cutaneous ligaments) (see Fig. 76-1).

 4. When does a patient need a deep-plane lift of the midface?
When there is ptosis of the midface (the region medial from the lateral canthi of the lids to the corners of the mouth). 
Ptosis may include significant nasolabial and nasojugal creases, marionette down lines, and sagging of the malar 
tissues below the infraorbital rim.

 5. How can the malar fat pad be repositioned?
Elevation and tightening of the skin-subcutaneous flap or the SMAS flap can reposition the malar fat pad. The senior 
author prefers elevating the fat pad as it is attached to the skin flap in the finger-assisted malar elevation (FAME) 
procedure. With index finger pulp surface down, under the orbicularis oculi muscle, pressure is exerted down and 
inferomedially across the malar prominence. The finger glides under the orbicularis oculi muscle laterally and the malar 
fat pad medially, which separate rather easily from the fascia overlying the preperiosteal fat. The entire malar fat pad is 
undermined with the index finger to near the nasal alar attachment. The index finger is turned over with the pulp surface 
up to permit leverage for complete mobilization of the malar fat pad. Bimanual palpation with one index finger in the 
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Figure 77-1. Superficial musculoaponeurotic system (SMAS) plication technique in rhytidectomy. (Illustration by Bill Winn, 2001.)
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“deep plane” helps evaluate malar fat pad thickness and mobilization. At this point the levels of dissection have been 
established: (1) subcutaneous, and (2) submalar fat pad and orbicularis oculi (in the deep plane and a composite flap). 
Redraping of the composite flap in a cephaloposterior direction with emphasis on the vertical vector will reposition the 
malar fat pad to its earlier location over the malar prominence.

 6. What are some of the common tell-tale signs of face lift surgery?
Visible scars (from poorly planned incisions and closure under tension)
 • Overlifting of temporal hairline
 • Stepped occipital hairline
 • Distorted tragi and distorted auditory meatuses that are no longer shielded by appropriate tragal positions (caused by 
excessive cheek flap tension and a retrotragal incision)

 • Distorted earlobes (from an error in skin flap vector dynamics, tension under closure from excessive skin resection, 
incision placement)

 • Windswept look of the cheek and neck skin due to incorrect lift vectors (usually too cephalically oriented)
 • Lack of balance in the lift of the face and neck (e.g., patient with tightened smooth cheeks but deformities such as 
ptotic, wrinkled brow/forehead region, senile chin (“witch’s chin”) deformity, or persistent platysmal cords)

A

A
A�

B

Section of SMAS/platysma
removed. Platysma undermined
and elevated. (A-A�)

1.5-2.0 cm.
resection of
SMAS

Platysma
undermined

Figure 77-2. Lateral SMASectomy technique in rhytidectomy. SMAS, Superficial musculoaponeurotic system. (Illustration by Bill Winn, 2001.)
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 7. What are the acceptable locations for the preauricular incision, and what are the 
indications for each?
The pretragal incision is a good choice (1) if the tragus is protruding and there is a moderately deep preauricular rhytid, 
(2) in older patients, (3) in male patients, and (4) for smokers or other patients who may have impaired cutaneous 
circulation. Incisions following the contours of the helix, tragus, and lobule normally result in nearly imperceptible scars.

Indications for a retrotragal incision are (1) small, flat, nonprotruding tragi, (2) youthful female patients without a 
pronounced pretragal rhytid, and (3) nonsmokers. The retrotragal incision provides an imperceptible incisional scar line 
as well. However, if closed under tension, this incision may cause deformity or obliteration of the tragal contour and may 
distort the tragal shielding of the auditory meatus, causing the appearance of an outwardly protruding tragus. These 
deformities are overt signs of face lift surgery (Fig. 77-4).

 8. How does a surgeon avoid creating a “step” or surgical distortion of the occipital 
hairline?
This can be done by minimizing the tension of the closure of postauricular skin flap to the scalp and placing the incisions 
so that excised skin will alter the hairline only minimally, if at all. Markings are made around the lobule and ear ending 
at the level of the helical root postauricularly. This is extended in a wavy line into the hair-bearing scalp approximately 
4 cm. The appropriate amounts of scalp and postauricular flap skin are removed by excising the superior flap edge to 
match the wavy, undulating line within the scalp from the posterior apex of the incision into the hairline. Care is taken 
to spread out the tension posteriorly, as well as superiorly, to prevent a “draping” effect. A preplanned inferior Burrow’s 
triangle incision can be placed in the posterior edge of the flap to achieve this goal.

 9. What is a “witch’s chin” deformity?
A witch’s chin deformity results from ptosis of the integumentary and muscular tissues of the mentum as a consequence 
of aging. However, it also may occur for other reasons, such as chin implant surgery or sliding genioplasty surgery by 
the intraoral approach, when the attachments of the lip and chin musculature (specifically, the mentalis) are cut across 
or stripped away from the mandible by periosteal elevation. Subsequently, the chin sags below the mental protuberance, 
and the platysmal and subcutaneous fat may become lax and ptotic. Jowls may appear, and a geniomandibular sulcus 
or concavity occurs below and lateral to the sagging chin.

Figure 77-3. Superficial musculoaponeurotic system flap fixation in rhytidectomy. (Illustration by Bill Winn, 2001.) 
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10. How can jowls be corrected?
After the SMAS flap lift and/or midface deep-plane lift is completed, it is convenient to liposuction the ovoid mass of 
subcutaneous tissue, mostly fat, that may overhang the mandibular margin. A small suction cannula (1.5- to 2.4-mm 
diameter) can be inserted through the incision just under the earlobe into the jowl. The ovoid mass is suctioned, taking 
care to confine the suction first to the jowl and, as necessary, very carefully to the submandibular area to define the 
mandibular margin and contour the regions adjacent to the previous lipectomy of the submental area.

11. What factors can lead to hematoma formation after face lift surgery?
 • Postoperative pain, which causes anxiety and hypertension with subsequent bleeding. After general anesthesia, this 
sequence may begin in the operating room.

 • Nausea and vomiting, through the physical motion of the act of vomiting and from sudden blood pressure fluctuations.
 • Ingestion of aspirin or other anticoagulant medications before or immediately after surgery.
 • Postoperative increase in blood pressure, or rebound hypertension, from medications given preoperatively and 
intraoperatively to lower the blood pressure.

12. What is the treatment of an expanding hematoma?
For small blood collections recognized early, the treatment is suction–aspiration with a soft suction cannula, which can 
be done at the bedside. Saline irrigation mixed with 1% lidocaine with epinephrine is performed after fluid removal, 

Platysma
incision

A

B

Figure 77-4. Incision planning for standard full scar rhytidectomy and short scar rhytidectomy. (Illustration by Bill Winn, 2001.)



509AESTHETIC SURGERY

and manual pressure is applied for several minutes after hematoma removal. A new compression dressing is wrapped 
in place, and the patient is observed for recurrence. If a large expanding hematoma has formed, the patient should 
be taken to the controlled environment of an operating room for evacuation and location and control of any actively 
bleeding points. Preoperatively, an intravenous line should be placed and fluid resuscitation started because the 
patient’s blood pressure may precipitously drop upon induction of anesthesia and quick evacuation of a large amount of 
blood. The incisions are again repaired, and a new face lift dressing is applied for 24 hours. In this instance the patient 
should be observed in a hospital setting.

13. What is the incidence of hematoma formation requiring evacuation after 
rhytidectomy?
From 3% to 5%. Hematoma formation is the most frequent complication following rhytidectomy. Hematomas can 
vary from large collections of blood that compromise the skin flap and require surgical evacuation to very small 
collections that subside on their own. Most clinically significant expanding hematomas occur within the first 10 to 
12 hours after surgery and are usually noticed in the recovery room. Signs and symptoms include unilateral pain, 
unilateral facial fullness, and unilateral excessive periorbital ecchymosis. The reported incidence of major hematoma 
formation requiring evacuation following rhytidectomy varies from 0.9% to 8%, with the largest series (a review of 
7700 cases) reporting an incidence of 7%. The reported incidence in men is 7% to 8%, and the reported incidence in 
women is 3% to 4%. Control of expanding hematomas is performed in the operating room under general anesthesia. 
Small hematomas (2 to 20 mL) generally do not become apparent until postoperative edema has subsided. These 
hematomas occur in 10% to 15% of patients and, if visible, can be aspirated 10 to 12 days after surgery as they 
begin to liquefy. Most will subside on their own within several months but may result in overlying skin contour 
irregularity. An association has been suggested between hematoma formation and either an immediate postoperative 
increase in blood pressure or rebound hypertension. There is no known correlation between intraoperative bleeding 
and subsequent hematoma formation. Substances known to cause bleeding problems, such as aspirin and other 
nonsteroidal antiinflammatory drugs, large doses of vitamin E, and dipyridamole, should not be taken for 2 weeks 
prior to surgery.

14. Five days after an SMAS face lift a 50-year-old woman has a ballotable fluid 
collection of approximately 8 mL in the right preauricular area over the angle of the 
mandible. Needle evacuation shows a yellowish pink fluid. What is the differential 
diagnosis?
Seroma, salivary fluid from parotid leak, and hematoma.

15. Two days later the fluid has reaccumulated. What is the likely diagnosis?
The most likely diagnosis is a salivary fluid collection due to parotid leak. Significant accumulations may drain through 
the incision as a parotid fistula. The cause of these problems is injury to the gland during dissection, and techniques 
that elevate the SMAS are more likely to violate the parenchyma of the gland. The diagnosis is made by assessing the 
fluid amylase level, which would be high in this case. Treatment at this point would be insertion of a small drain from 
a postauricular location over the area until the defect seals itself and the drainage diminishes. A bland diet may help to 
decrease drainage as well.

16. What may be the cause of persistent lower cheek fullness in a patient who has 
undergone a face lift?
Ptosis of the buccal fat pad. The buccal fat pad lines the masticatory space and allows smooth muscle gliding 
during mastication. It is composed of four parts: the body of the fat pad, the buccal segment, the pterygoid portion, 
and the temporal portion. The body of the fat pad lies along the upper portion of the maxilla and is visualized 
through an upper buccal sulcus incision. The buccal segment covers the buccinator muscle and provides fullness to 
the cheek. The pterygoid portion lies between the medial and lateral pterygoid muscles, separating them from the 
mandibular ramus. The temporal portion lies deep to the zygomatic arch, separating it from the temporalis muscle 
during mastication.

17. Which nerve is the most commonly injured during a rhytidectomy?
The great auricular nerve. Nerve injury, specifically motor nerve injury, is one of the most severe potential complications 
of rhytidectomy. Fortunately, most nerve injuries noted after rhytidectomy are limited to the sensory nerves. The lower 
portion of the ear, the preauricular skin, and the cheeks are always transiently hypesthetic following rhytidectomy 
because of the interruption of small sensory nerves intraoperatively. The most common nerve injury during rhytidectomy, 
occurring at a rate of 3% to 5%, involves the great auricular nerve. Such injury occurs when the dissection penetrates 
deep to the sternocleidomastoid fascia over the middle portion of the muscle where the nerve crosses the muscle belly 
approximately 6. 5 cm below the caudal edge of the external auditory canal. Injury to the great auricular nerve can be 
avoided during a sub-SMAS–platysma dissection by incising the deep layer just anterior to the sternocleidomastoid 
muscle (Fig. 77-5).
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18. If you recognize injury to the great auricular nerve at surgery, what should you do?
Repair it with fine sutures and cover the repair with the platysmal portion of the deep tissue flap.

19. What symptoms may occur after surgery if the great auricular nerve is injured?
 • Numbness in the inferior portions of the ear and ear lobule
 • Painful, neuralgic sensations in the sternocleidomastoid and ear area
 • Painful neuroma at the site of injury

20. What is the motor innervation of the platysma muscle, and what role does it play in 
facial animation?
The cervical branch of the facial nerve innervates most of the body of the muscle, and the marginal mandibular branch 
of the facial nerve innervates the upper anterior portion. The platysma muscle functions synchronously with the 
depressor anguli oris and the depressor labii inferioris to move the lip and corner of the mouth down.

21. Which of the following branches of the facial nerve lies superficial to the deep facial 
fascia?
The temporal or frontal branch. The facial nerve traverses the superficial surface of the masseter muscle and lies deep 
to the deep facial fascia. The buccal, cervical, marginal mandibular, and zygomatic branches penetrate the deep facial 
fascia and innervate the overlying mimetic muscles. The temporal branch of the facial nerve crosses the zygomatic arch 
and travels along the deep surface of the temporoparietal fascia. This branch lies in a more superficial position in the 
temporal region. It then penetrates the temporoparietal fascia to innervate the frontalis muscle along its deep surface. 
Knowledge of the anatomy of the temporal branch is essential in performing rhytidectomy as well as temporal and/or 
endoscopic brow lifts (Fig. 77-6).

22. What is the topographical course of the frontal branch of the facial nerve?
The frontal branch of the facial nerve travels approximately along a line from 0.5 cm below the tragus to 1.5 cm above 
the lateral end of the eyebrow (Fig. 77-7).

23. Four weeks after undergoing an extended SMAS rhytidectomy, a 57-year-old woman 
has persistence of dense hemiparesis over the distribution of the right marginal 
mandibular nerve. The problem was first noted immediately after surgery. Which of 
the following is the most appropriate next step in management?
Observation. During rhytidectomy, the major nerve that is most frequently injured is the great auricular. The motor nerves 
that are most frequently injured are the buccal nerves. Because crossover and arborization occurs between the branches of 
the buccal nerves, this injury may go unnoticed by the surgeon. A more significant motor nerve injury is that of the temporal 
and/or marginal mandibular nerves. Obvious signs of injury to the marginal mandibular nerve include an asymmetrical 
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Figure 77-5. Anatomy of the great auricular nerve. 
(From Seckel BR: Facial Danger Zones: Avoiding 
Nerve Injury in Facial Plastic Surgery. St. Louis, 
Quality Medical Publishing, 1994, with permission.)
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Figure 77-7. Predicting the course of the frontal branch of the facial nerve. SMAS, Superficial musculoaponeurotic system. (From Pitanguy I, 
Silveira Ramos A: The frontal branch of the facial nerve: The importance of its variations in face lifting. Plast Reconstr Surg 38:352–356, 1966, with 
permission.)
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Figure 77-6. Frontal branch anatomy in relation to the superficial musculoaponeurotic system (SMAS). (From Liebman EP, Webster RC, 
Berger AS, DellaVecchia M: The frontalis nerve in the temporal brow lift. Arch Otolaryngol 108:232–235, 1982, with permission.)
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“full-denture” smile and the inability to depress, pull laterally, and evert the vermilion of the ipsilateral lower lip. This injury 
can be caused by trauma due to electrocautery, a suture inadvertently encircling the nerve or, most likely, neurapraxia from 
stretching. A less likely cause is complete accidental transection of the nerve, usually as it exits the tail of the parotid or 
where it descends below the angle of the mandible with the patient’s head turned laterally with the neck extended.

Immediate postoperative weakness of the marginal mandibular nerve noted in the recovery room may be the result of 
infiltration of local anesthetic and should resolve within several hours as the drug is metabolized. A more persistent paresis 
lasting 24 hours to a few weeks may occur from nerve trauma during blunt dissection, injection of anesthetic solution 
into the nerve, edema within the nerve sheath, or electrocautery trauma. If a facial nerve branch is noted to be transected 
during a surgical procedure, immediate meticulous microsurgical repair should be performed. In most cases, however, 
motor nerve injury is not recognized during surgery, and the surgeon and patient are placed in the difficult position 
of waiting for return of function. Conservative management is warranted for the first 6 months because spontaneous 
resolution with complete return of function is likely in up to 80% of patients. Close follow-up and physiotherapy to increase 
the use of platysma as a lip depressor may be helpful to minimize facial asymmetry. After 6 months, it is advisable for the 
physician to discuss the deformity with the patient and outline further treatment options. Management options include 
baseline electromyography after 6 months with a repeat test in 1 month. Injection of botulinum toxin in the unaffected side 
can be used to decrease obvious facial asymmetry and decrease activity of overactive compensatory muscles. Correction of 
the deformity can be considered after 1 or 2 years when reinnervation of the facial muscles is less likely.

24. A 62-year-old woman who underwent subcutaneous rhytidectomy with SMAS plication 1 
week ago notices that the left side of her upper lip does not elevate when she attempts 
to smile. The most likely cause is injury to which of the following nerve branches?
The buccal branch. The patient’s inability to elevate her upper lip is most likely caused by injury to the branch of the 
buccal nerve that innervates the levator labii superioris muscle. The buccal nerve branches, which lie superficial to the 
parotid fascia, are positioned beneath the SMAS as they cross the masseter muscle and can be easily injured during 
dissection of the SMAS. Most deficits resulting from buccal nerve injury improve spontaneously over time because of the 
cross-innervation that occurs in this region. Injury to the cervical branch causes weakening of the platysma, resulting in 
an asymmetric smile. Injury to the frontal branch manifests as eyebrow ptosis or inability to raise the eyebrow. Because 
this branch is likely to be terminal, the deficit often is permanent. Injury to the zygomatic branch, which is rare, leads to 
a decrease in facial animation in the area overlying the zygomaticus major and minor muscles.

25. In the aging face, which procedure is most likely to worsen the prominence of the 
nasolabial fold?
Preauricular tightening of the SMAS. The appearance of the nasolabial fold remains a significant obstacle to adequate 
restoration of the aging face. Without actually correcting the anatomic problem, several techniques have been described 
to blunt the transition between the fatty cheek and the lip. Both dermis and autologous fat grafts as well as newer soft 
tissue injectables such as Restylane and Radiesse have been used to fill the area. Dermis and fat grafts give modest 
results and require a donor site. Most soft tissue fillers give only temporary correction. Direct excision of the fold has 
been described but requires use of an external incision that results in visible scarring. The SMAS attaches medially 
to the orbicularis oris. Attempting to tighten the SMAS in the preauricular region will displace this orbicularis laterally, 
actually deepening the nasolabial fold. When the SMAS is freed from its medial and inferior attachments and rotated to 
include the malar fat pad, improvement in the depth of the nasolabial fold may be seen.

26. A 58-year-old man with prominent nasolabial folds undergoes rhytidectomy.  Sub-SMAS 
dissection is performed to the level of the nasolabial folds. What is the most likely result?
Denervation of the zygomaticus major muscle. The sub-SMAS dissection beyond the lateral border of the zygomaticus major 
muscle is not a safe plane for anatomic dissection. Although the zygomatic facial nerve branches course deep to the SMAS 
muscle layer, the nerve fibers become more superficial to innervate the muscles on their deep surface. Any dissection in the 
sub-SMAS plane, whether a standard dissection of the SMAS as a separate layer or as a composite rhytidectomy, requires 
the surgeon to change planes at the zygomaticus major muscle. Further dissection in the sub-SMAS plane beyond the 
zygomaticus major will denervate this muscle by injuring its nerve branch as it turns superficially to innervate the muscle.

27. A 60-year-old woman requests rhytidectomy. She has smoked two packs of cigarettes 
daily for 20 years. What postoperative complication would most likely occur?
Skin slough. The most likely complication of rhytidectomy in a patient who smokes is the development of skin slough. 
Smoking is associated with increased flap loss because it decreases oxygen to the skin in two ways: (1) decreased 
blood flow due to nicotine-induced vasoconstriction and (2) carbon monoxide–induced tissue hypoxia due to hemoglobin 
in the red blood cells preferentially binding carbon monoxide over oxygen (and thereby forming carboxyhemoglobin). 
A study examining the effects of smoking in patients undergoing rhytidectomy found a 7.5% incidence of skin slough. 
Another study showed a 19% incidence of skin slough. Abstinence from smoking for 2 weeks has been shown to 
decrease the incidence of skin slough. During rhytidectomy, limiting undermining of the skin flaps to 2 to 3 cm preserves 
circulation and decreases the incidence of skin slough.
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28. After undergoing an uncomplicated primary rhytidectomy, a 59-year-old woman has 
early onset of ischemia and subsequent full-thickness skin slough of a 3 × 5-cm area 
anterior to the left earlobe. What is the most appropriate first step in management?
Local wound care and healing by secondary intention. Appropriate initial management of this patient with skin 
slough following rhytidectomy should be conservative with local care and healing by secondary intention and 
reepithelialization. During this stressful time for both patient and surgeon, frequent physician–patient contact is 
critical. The wound should be kept moist and clean, with monitoring for the development of secondary infection. 
Many small skin sloughs heal spontaneously within several weeks and may not require any secondary scar revisions. 
Larger wounds can also be allowed to heal, with scar revisions performed as necessary only after a minimum of 1 
year has passed. Débridement and skin grafting are not appropriate alternatives to obtain wound closure because 
they would produce quilt-like mismatches of texture and color. Tension is a key factor in producing slough, so delayed 
primary closure by readvancement of the cervicofacial flap will only compound the problem, which likely led to the 
complication in the first place.

29. Prominence of the nasolabial folds in the aged patient results primarily from loss of 
support in which of the retaining ligaments?
The zygomatic ligament. This ligament suspends the soft tissue in the malar region over the zygomatic eminence. In 
older patients, ptosis of the malar soft tissue caused by loss of support from the zygomatic ligaments occurs adjacent 
to the nasolabial fold, resulting in prominence of this fold. Rhytidectomy procedures may improve the appearance of 
the nasolabial fold by lifting the malar pad and reattaching it over the zygomatic eminence. The mandibular ligaments 
arise from the periosteum through the facial soft tissue and insert into the dermis. They provide support to the facial soft 
tissue over the mandible. The masseteric and parotid-cutaneous ligaments are formed between the superficial and deep 
facial fascia. They provide support to the soft tissue over the masseter muscle and parotid glands. Loss of support from 
the masseteric ligaments will result in prominent facial jowls.

30. Which vessel is the dominant blood supply to the preauricular skin that is 
undermined during rhytidectomy?
The transverse facial artery. The traverse facial artery provides the dominant vascular supply to the preauricular skin 
and is undermined during rhytidectomy. Its perforator is positioned approximately 3 cm lateral and inferior to the lateral 
canthus. Collateral circulation is minimal. Knowledge of this region prior to surgery is particularly crucial because 
inadvertent transection can result in the development of preauricular skin necrosis. In patients who smoke or have other 
factors that may compromise their blood supply, this vessel can be located and preserved.

31. Why is rhytidectomy more difficult to perform in men than in women?
Several factors frequently make rhytidectomy procedures more difficult to perform in men than in women. In general, 
facial skin is thicker in men, which may obscure postoperative results. Men are more likely to develop hematomas 
due to increased vascularity in the beard area. Because men often have thinner, shorter hair or baldness, the surgical 
incisions need to be placed more carefully in areas where they can be disguised. In addition, performing a retrotragal 
incision can result in posterior displacement of the beard. This problem can be addressed by depilation of the skin or 
positioning of the incision between the hair-bearing area of the cheek and preauricular area, which typically is alopecic. 
One advantage that men undergoing rhytidectomy have is the position of their sideburns. Because the beard covers the 
cheek below the jawline, cephalad displacement of the sideburns following rhytidectomy is not as much of a concern 
because the hair can be shaved at any level to determine sideburn position. In contrast, cephalad displacement of 
sideburns in women will result in an unnatural appearance.

32. A 58-year-old woman is scheduled to undergo full-face rhytidectomy followed 
by phenol chemical peeling for facial rejuvenation. For the most appropriate 
management of this patient, what is the minimum number of months after the 
rhytidectomy procedure that you should delay the chemical peel?
Three months. This allows sufficient time for the undermined skin to heal. Performing full-face chemical peeling at the 
time of rhytidectomy is not recommended because full-thickness skin loss may result. In addition, skin flap lower lid 
blepharoplasty and chemical peeling of the eyelids should not be performed simultaneously. Regional perioral peeling 
can be performed at the time of rhytidectomy without complications in certain surgical candidates due to the absence of 
undermining in this area.

33. Who is the ideal patient for a short scar rhytidectomy?
A patient who does not have much neck laxity.

34. What technical maneuvers are often necessary when performing a short scar 
rhytidectomy?
A primarily vertical vector of SMAS lift and the possible need for an anterior temporal hairline incision.
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35. What are the potential complications of submandibular gland excision for neck 
contouring in rhytidectomy?
Expanding hematoma, marginal mandibular (VII), hypoglossal (XII), and lingual nerve injury, dry mouth, salivary fistula, 
neck irregularities or depressions, and a cadaveric or hollowed-out appearance of the neck.

36. What are the criteria for a youthful neck as described by Ellenbogen and Karlin?
Distinct inferior mandibular border, subhyoid depression, visible thyroid cartilage bulge, visible anterior 
sternocleidomastoid border, cervicomental angle of 105 ° to 120 °, and submental–sternomastoid angle of 90°.

37. When is suction lipectomy of the neck indicated for improvement of cervicomental 
contour?
The primary indication for performing suction lipectomy of the neck is the presence of excess supraplatysmal fat as 
determined by physical examination and pinch testing. The supraplatysmal fat can be suctioned through small stab 
incisions in the submental and retroauricular areas. Patients younger than age 30 years will often experience excellent 
results following suction lipectomy because of better skin elasticity, which diminishes with age. These patients are 
more likely to have contraction of the skin following a decreased fat volume after surgery. As a result, cervical suction 
lipectomy is frequently performed as a single procedure with good success in patients aged 20 to 40 years.

Vertical skin wrinkling is not a favorable indicator for performing suction lipectomy. Patients with vertical skin wrinkling 
have decreased skin elasticity and therefore will have suboptimal results following cervical suction lipectomy.

38. A 65-year-old woman desires facial rejuvenation and has an obtuse cervicomental 
angle, noticeable fat pads in the anterior neck, and vertical, diverging subcutaneous 
bands within loose redundant skin in the neck that are present in repose. What is the 
most appropriate management in conjunction with a face lift?
Lipectomy of preplatysmal cervical fat and anterior platysmaplasty. Correction of anterior banding of the platysma 
muscle at rest as well as localized anterior neck fat is best accomplished with lipectomy of preplatysmal fat performed 
with anterior platysmal plication. A small submental incision is made, and the fatty neck deposits can be excised 
directly or removed via open suction lipectomy. Midline plication then can be performed to tighten the platysma muscle 
with excision of a wedge of muscle below the level of the thyroid cartilage for improved contour (Fig. 77-8).

Figure 77-8. Midline platysmal plication during platysmaplasty. (Illustration by Bill Winn, 2001.)
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Rhinoplasty

 1. The proximal, middle, and distal thirds of the nose are associated with what 
underlying anatomic structures?
 • Proximal third: Nasal bones
 • Middle third: Upper lateral cartilages
 • Distal third: Lower lateral cartilages

 2. List the nasal subunits.
There are nine nasal subunits.

 • 3 unpaired: dorsum, tip, columella
 • 3 paired: sidewalls, soft tissue triangles, alae

 3. How are the nasal bones, upper lateral cartilages, and lower lateral cartilages 
situated in relation to each other?
The upper lateral cartilages lie deep to both the nasal bones and the lower lateral cartilages.

 4. What are the major tip support mechanisms?
There are three major tip support mechanisms.

 • Length and strength of lower lateral cartilages
 • Attachment of cephalic margin of lateral crura with caudal margin of upper lateral crura
 • Attachment of medial crura to caudal septum

 5. What are the minor tip support mechanisms?
There are six minor tip support mechanisms.

 • Interdomal ligament between lower lateral cartilages
 • Sesamoid complex
 • Soft tissue skin envelope and its attachment to lower lateral cartilage
 • Anterior nasal spine
 • Cartilaginous septal dorsum
 • Membranous septum

 6. How is the nasal length defined?
It is the distance from the nasofrontal angle to the tip-defining point.

 7. What is the scroll?
It is the area of the cephalic margin of the lateral crus that overlies the upper lateral cartilage.

 8. What is the keystone area?
It is the area where the upper lateral cartilages overlap with the nasal bones.

 9. What is the “ideal” nasolabial angle in a male? In a female?
 • Male: 90° to 105°
 • Female: 95° to 110°

 10. What are the surgical approaches for rhinoplasty?
There are several ways to perform rhinoplasty. The two main approaches are external (open) and endonasal (closed). 
Endonasal approaches to rhinoplasty can be further subcategorized into delivery and nondelivery methods. Nondelivery 
approaches include cartilage-splitting and retrograde techniques (Fig. 78-1). The method used should be based on the 
patient’s problem, the goals for surgery, and the surgeon’s skill in a given technique.
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 11. How is tip projection determined?
Nasal tip projection is defined as the distance from the alar crease to the tip-defining point.

 12. Name three ways to determine nasal tip projection.
 • Crumley method (“3-4-5 triangle”): Projection to height to length = 3:4:5
 • Goode method: Projection to length = 0.55:0.6
 • Simons method: Projection = Length of the upper lip

 13. What is the brow-tip aesthetic line?
It is a line drawn from the medial aspect of the brow, along the side of the nose to the nasal tip formed from the 
contrasts and transitions between these subunits. Ideally, the lines should be mirror images of each other, creating slight 
width at the nasal bony vault, narrowing at the middle vault, and then width at the nasal tip. The line drawn has a subtle 
hourglass configuration (Fig. 78-2).

 14. Which structures make up the internal nasal valve, and what should its angle be?
The internal nasal valve angle is made up of the dorsal nasal septum, the caudal margin of the upper lateral cartilages, 
and the floor of the nose. (If the inferior turbinate is large, it also may contribute to the valve.) This angle should be at 
least 15°. The internal nasal valve is the main site of airway resistance during inspiration. Decrease in this angle due 
to high septal deviation or inferomedial collapse of the upper lateral cartilage (as can be seen after rhinoplasty) can 
significantly impair nasal breathing.

 15. What is the blood supply to the nasal tip?
The lateral nasal artery, off the angular and/or facial artery, is the main blood supply to the nasal tip (Fig. 78-3).

 16. Where is the nasal starting point for rhinoplasty in a Caucasian patient? Is it different 
for an Asian patient?
The starting point is at the level of the upper eyelid crease in the Caucasian patient. In the Asian patient, the nasal 
starting point is lower, at the midpupillary level.

 17. When performing septoplasty, how much cartilage should be left intact?
At least a 1.5-cm dorsal and caudal septal L-shaped strut should be left intact after septoplasty. This strut helps to 
support the nasal framework and reduces the risk of postoperative saddling (Fig. 78-4).

 18. What are the three main sources for grafting in rhinoplasty?
The main material used in grafting for rhinoplasty is autologous cartilage. The primary sources of the cartilage are the 
nasal septum, auricular concha, and costal cartilage.

RetrogradeCartilage-splitting

Non-deliveryDelivery

Rhinoplasty

Endonasal
(“closed”)

External
(“open”)

Figure 78-1. Surgical approaches for rhinoplasty.



518 rhinoplasty

 19. What grafting technique(s) can the surgeon use to open/widen the internal nasal 
valve?
Spreader grafts, placed between the upper lateral cartilages and the dorsal septum, can be used to open the internal 
nasal valve.

Figure 78-3. Lateral nasal artery 
in a fresh cadaver injected with 
red dyed methylmethacrylate. The 
lateral nasal artery comes off the 
angular or facial artery.

Figure 78-2. Brow-tip aesthetic line runs from the medial brow, along the nasal dorsum and middle vault to the nasal tip. This line should 
be unbroken and regular in contour.
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 20. Which structures make up the external nasal valve? How can external valve collapse 
be corrected?
The columella, alar rim, and nasal floor compose the external nasal valve. Alar rim grafts, placed at the caudal margin of 
the marginal incision, can be used to support and stabilize a narrowed or weak external nasal valve.

 21. What is a common cause of postoperative supraalar pinching, and how can it be 
corrected?
Supraalar pinching is a characteristic of poor lateral wall support. It may occur after excessive resection of the lower 
lateral cartilages, or it may be seen in patients with inherently weak cartilages.

Alar batten grafts can be used to correct preexisting external valve compromise, lateral wall collapse, and/or supraalar 
pinching. These grafts also can be placed prophylactically to reduce the risk of postoperative supraalar pinching and 
lateral wall collapse. An alar batten graft is placed into a precise pocket at the point of maximal lateral wall collapse or 
supraalar pinching (Fig. 78-5).

 22. What techniques are available surgically to stabilize the base of the nose?
Postoperative loss of tip projection is a feared complication after rhinoplasty. By stabilizing the base of the nose, this risk 
is reduced substantially. Three grafting methods and one suturing method can be used to achieve nasal base stability.

 • Columellar strut graft
 • Caudal extension graft
 • Extended columellar strut graft
 • Suturing the medial crura onto the caudal septum

G Figure 78-4. When performing septoplasty, an intact 
L-shaped strut of cartilage should be left intact to avoid 
saddling. The strut should measure at least 1.5 cm to 
keep adequate dorsal and caudal support. Additional 
cartilage can be left intact along the maxillary crest and at 
the connection to the perpendicular plate of the ethmoid 
bone to maximize support. (From Toriumi DM, Johnson CM: 
Open structure rhinoplasty: Featured technical points 
and long-term follow-up. Facial Plast Surg Clin North Am 
1:93–113, 2005.)

Figure 78-5. Alar batten graft 
placed along the nasal sidewall 
at the point of maximal lateral 
wall collapse.
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 23. What are the indications for each method of nasal base stabilization, and how is 
each performed?
A columellar strut graft can be used when the alar–columellar relationship is appropriate and the tip does not require 
major structural changes. This graft will help to improve tip support without significantly changing tip projection. The 
columellar strut graft is carved so that it is rectangular and then it is placed between the medial crura, leaving soft 
tissue between it and the nasal spine (Fig. 78-6).

The caudal extension graft is a versatile graft that can be used to correct a variety of problems, depending on the way 
the graft is carved. Because the graft must be strong and stable over the long term, either septal or costal cartilage 
is preferred over auricular cartilage. In the patient with a rotated nasal tip and/or foreshortened nose in whom 
counterrotation is desired, the graft can be made longer superiorly (Fig. 78-7, A). On the other hand, when a patient has 
an acute nasolabial angle or a retracted columella, the graft is fashioned so that the inferior edge is longer (Fig. 78-7, B). 
In patients who have poor tip support but adequate projection and alar/columellar relationship, the caudal extension 
graft can be made so that it is rectangular in shape and placed to overlap with the caudal septum.

An extended columellar strut graft is indicated in patients with severely deficient tip support, retracted columella, ptotic 
tip, excessive scar tissue, deficient premaxilla, and/or heavy thick skin. These problems may be encountered in patients 
with congenital deficiencies (e.g., Binder’s syndrome and cleft lip nasal deformity) or in those who have undergone 
previous rhinoplasty with excessive resection of the caudal septum. This graft typically is made from costal cartilage 
because it needs to be very strong to correct the presenting deformity. The graft is carved so that it is flared at the base, 
with a notch that can integrate with the nasal spine (Fig. 78-8).

The medial crural setback can be used in patients with a hanging columella or tension tip because, in these 
patients, the caudal septum tends to be too long. After dissecting between the medial crura and raising bilateral 
mucoperichondrial flaps off of the septum, the medial crura are positioned back onto the caudal septum and sutured 
in place (Fig. 78-9).

 24. What action should be taken in a patient with an infected nasal allograft?
As in most cases of infected foreign materials, an infected nasal allograft must be removed and the patient started on 
broad-spectrum antibiotics until culture-specific antibiotic therapy can begin.

Figure 78-6. Columellar strut is placed between the medial crura and sutured into position.
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Figure 78-7. A, Caudal extension graft. For the overrotated nose the graft should be longer along the superior margin. B, Caudal 
extension graft. For the ptotic nasal tip the graft should be longer along the inferior margin. (From Toriumi DM: Structure approach to 
rhinoplasty. Facial Plast Surg Clin North Am 1:93–113, 2005.)

Figure 78-8. Extended columellar 
strut. This costal cartilage graft is 
used to stabilize the nasal base. It 
can be integrated with the nasal 
spine and stabilized in the midline 
with extended spreader grafts. 
(From Toriumi, DM, Swartout B: 
Asian rhinoplasty. Facial Plast Surg 
Clin North Am 15:193–307, 2007.)

A B C

Figure 78-9. Setback of the medial crura on a midline overly long caudal septum. A, Medial crura are dissected to allow 
repositioning. B, Suture is used to secure the medial crura to an overly long caudal septum. C, Medial crura are sutured into position.
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 25. What is a saddle nose deformity, and what are its causes?
A saddle nose deformity refers to loss in dorsal height. It can be due to loss of underlying septal support (e.g., subtotal 
septal perforation) or collapse of the height of the middle vault. Dorsal grafting, with septal or costal cartilage, typically is 
required for correction.

 26. What is a pollybeak deformity and what are its causes?
A pollybeak deformity refers to supratip fullness or convexity in relation to the rest of the nose, especially the nasal 
tip. This can be due to problems such as postoperative loss of tip projection, excessive resection of the cartilaginous 
framework with thick skin that does not redrape well, or underprojected nasal tip/low radix in comparison to high 
supratip region (Fig. 78-10).

 27. What is an “inverted V” deformity?
An inverted V deformity refers to loss of support where the upper lateral cartilages meet the nasal bones. Collapse of the 
upper lateral cartilages creates a shadow and accentuates the caudal margin of the nasal bones, giving the appearance 
of an inverted V (Fig. 78-11).

 28. What is a stairstep deformity? How can it be prevented?
A stairstep deformity refers to a prominent ledge of nasal bone after in-fracture of the narrowed nasal bone. It can be 
avoided by keeping the osteotomy low on the maxilla.

 29. What is cephalic positioning of the lateral crura?
The lateral crura normally angle off of midline at an approximately 45° angle (Fig. 78-12, A). When the lateral crura are 
cephalically positioned, they can angle off of midline at an angle of less than 30° and can even parallel the middle nasal 
vault. There are differing degrees of cephalic positioning, but many patients present with a parenthesis deformity or a 
bulbous-appearing tip (Figs. 78-12, B and C ). These patients typically lack lateral wall support and will require lateral 
wall grafting (alar batten grafts) or repositioning of the cephalically positioned lateral crura into a more caudal location 
(Fig. 78-12, D ). To reposition the lateral crura, they can be dissected from the vestibular skin and supported with lateral 
crural strut grafts (Fig. 78-12, E ). The lateral crura then can be placed into caudally positioned pockets (Fig. 78-12, F ). 
This will create a more normal nasal tip shape (Fig. 78-13).

Figure 78-10. Patient with pollybeak deformity due to thick skin and postoperative loss of nasal tip projection. The skin envelope is too 
large for the underlying structure.
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Figure 78-11. Inverted V deformity due to inferomedial collapse of the upper lateral cartilages and wide nasal bones.

Continued

Figure 78-12. Cephalically positioned lateral crura. A, Normal positioned lateral crura. B, Bulbous round nasal tip shape. C, Corresponding 
cephalically positioned lateral crura. D, Lateral crura dissected from vestibular skin. 

A B

C D
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Figure 78-12. cont’d, E, Lateral crural strut grafts applied to undersurface of lateral crura. F, Lateral crura repositioned 
into caudal pockets.

E F

Figure 78-13. Patient with cephalically positioned lateral crura and overprojected nasal tip. Lateral crura were dissected from vestibular 
skin, supported with lateral crural strut grafts, and then repositioned into caudally positioned pockets. A, C, E, G, Preoperative views. 
B, D, F, H, One-year postoperative views.

A B C

D E F
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OtOplasty

 1. What is a prominent ear?
A prominent ear, also commonly referred to as a lop ear, cup ear, or Dumbo ear, protrudes excessively from 
the temporal surface of the head. The normal external ear forms an angle of approximately 21° to 25° with 
the temporal scalp. A more obtuse angle (>25°) may cause the ears to appear overly prominent on frontal or 
posterior view.

 2. What are the pathologic characteristics of the prominent ear deformity?
The three major pathologic characteristics of the prominent ear deformity are (1) a poorly defined or absent antihelical 
fold, (2) conchal excess (>1.5 cm deep), and (3) a conchoscaphal angle greater than 90°. Each of these characteristics 
may exist in varying degrees. Thus the excessive depth of the concha may be evenly distributed or may affect the upper 
pole (cymbum) more than the lower pole (cavum). Similarly, the entire antihelical fold may be underdeveloped or just a 
specific part, such as the superior crus or inferior crus (Fig. 79-1).

 3. What are the embryologic origins of the ear?
The mandibular (first) branchial arch and the hyoid (second) branchial arch each contributes three hillocks of 
approximately equal size to the formation of the ear. Ultimately, the hyoid arch contributes 85% to the formation of the 
ear, including the helix, scapha, antihelix, concha, antitragus, and lobule. The mandibular arch contributes the tragus and 
helical crus only.

 4. When does antihelical folding begin in utero?
The ear begins to protrude from the developing face by the third to fourth month of gestation, at which time antihelical 
folding commences. Incomplete folding of the antihelix results in a conchoscaphal angle greater than 90°, producing the 
prominent ear deformity.

 5. By what age has the ear attained 85% of adult size? When should otoplasty be 
performed?
Three years. Therefore otoplasty is ideally performed in the interval between age 3 years and the commencement of 
school so that the child can avoid the psychological trauma of ridicule by classmates.

Loss of
antihelical fold

Conchal
excess Concho-

scaphal
angle
greater
than 90�

Figure 79-1. Components of the prominent ear deformity: (1) poorly defined or absent antihelical fold, (2) conchoscaphal angle greater than 
90°, and (3) conchal excess. (From LaTrenta GS: Otoplasty. In Rees TD, LaTrenta GS [eds]: Aesthetic Plastic Surgery, 2nd ed. Philadelphia, WB 
Saunders, 1994, pp 891–924.)
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 6. What is the nerve and vascular supply to the ear?
The auriculotemporal nerve (V3) provides sensibility to the tragus and crus of the helix only. The great auricular 
nerve (a branch of the cervical plexus) provides sensibility to the lobule, antitragus, antihelix, scapha, external 
acoustic meatus, postauricular sulcus, helix, and concha. The external acoustic meatus receives additional 
sensory supply via auricular branches of the vagal and glossopharyngeal nerves. The vascular supply to the 
external ear is via the posterior auricular and superficial temporal arteries, both terminal branches of the external 
carotid artery.

 7. What are the normal proportions of the ear?
The ear’s width is typically 50% to 60% of its length, with an average width of 3 to 4.5 cm and average length of 5.5 to 
7 cm. Viewed from the front, the ear extends from the brow superiorly to the base of the columella inferiorly. Laterally, 
the ear should lie a single ear-length behind the lateral orbital rim.

 8. How is ear protrusion defined?
Protrusion of the ear is defined in terms of both distance and angle. The distance from the scalp to the anterior 
edge of the helix ranges from 1.5 to 2 cm. The cephaloauricular angle is a mean of 25° in men and 21° in 
women.

 9. What is the average distance of each third of the ear from the head?
The helical rim measures approximately 10% of the vertical height of the ear (7 mm) and protrudes to 10 to 12 mm at 
the helical apex (upper third), 16 to 18 mm at the midpoint (middle third), and 20 to 22 mm at the lobule (lower third).

 10. What is the normal incline of the ear?
The normal ear inclines posteriorly approximately 20° off the vertical, which is slightly less steep than the plane of the 
nasal dorsum.

 11. Should the helix be visible from the frontal view?
Yes. From the frontal view, the helix of both ears should be visible beyond the antihelix.

 12. What are the anatomic goals of otoplasty?
The anatomic goals are threefold: (1) production of a well-defined antihelical fold, (2) conchal reduction, and 
(3) conchoscaphal angle of 90°. Of course, the extent to which each of these goals is pursued depends on the severity 
of the specific characteristics of the deformity. In addition, several general guidelines are applicable:

 • The position of the two ears with respect to the temporal surface of the head should match within 3 mm at any 
specific point.

 • Protrusion of the upper third of the ear must be completely corrected. Mild protrusion of the lower two thirds may 
be acceptable if the upper third is fully corrected.

 • The postauricular sulcus should not be significantly decreased or distorted.
 • The helix should have a smooth and regular contour.
 • The ears should not be placed too close to the head.

 13. Who performed the first otoplasty?
Although Dieffenbach usually is credited for having performed the first correction of a prominent ear in 1845, 
his technique was used for correction of a posttraumatic deformity. The earliest elective otoplasty for prominent 
ear deformity was reported by Ely in 1881. Dieffenbach’s procedure consisted of postauricular skin excision and 
conchomastoidal suture fixation. Ely’s procedure included these techniques as well as conchal strip excision.

 14. Can skin excision alone correct the prominent ear deformity?
No. Although skin excision is virtually always performed during otoplasty, it is done to avoid skin redundancy in the 
postauricular sulcus rather than to maintain the setback position of the ear. Although some beneficial effect on ear 
position may initially be attributed to skin excision, over time the elasticity of the skin inevitably results in recurrence of 
the prominent ear deformity. Even Dieffenbach knew this 150 years ago and included conchomastoidal sutures in his 
technique (see Question 18).

 15. What important concept did Luckett contribute to the principles of otoplasty?
In 1910 Luckett introduced the concept of restoration of the antihelical fold for correction of the prominent ear deformity. 
He used a cartilage-breaking technique that consisted of excising a strip of medial skin and cartilage along the entire 
vertical length of the antihelical fold. In some cases a sharp edge was created along the antihelical fold, which Luckett 
attempted to correct with several horizontal mattress sutures.
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 16. What is Gibson’s principle?
Gibson’s principle states that cartilage spontaneously bends or warps away from the scored surface by “release of 
interlocked stresses.” A number of cartilage-weakening techniques (e.g., incision, abrasion, scoring) take advantage of 
this principle to recreate the antihelical fold by interrupting the anterior surface of the auricular cartilage.

 17. What is the Stenstrom technique?
Through a small postauricular incision, an otoabrader is used to rasp the anterior surface of the antihelix to recreate the 
antihelical fold. Stenstrom and Heftner were the first to apply the Gibson principle in otoplasty. Cartilage scoring also can 
be achieved with a 2-mm anterior skin incision along the inside edge of the helix. After cartilage weakening, five or six 
radially oriented Mustardé sutures (4-0 clear nylon) are placed.

 18. What is the purpose of conchomastoidal sutures?
Conchomastoidal sutures are simple or mattress sutures that penetrate the full thickness of the cartilage of the posterior 
conchal wall and the fascia/periosteum of the mastoid process. These sutures anchor the posterior wall of the concha 
to the mastoid prominence, reducing conchal projection and decreasing the depth of the postauricular sulcus. Before 
placing these sutures, it is helpful to resect a portion of the soft tissue (muscles and ligaments) in the postauricular 
sulcus. This resection permits closer approximation of the conchal cartilage to the mastoid fascia/periosteum and 
facilitates the conchal reduction (Fig. 79-2).

 19. Is there another way to reduce conchal projection?
Conchal cartilage excision. Through an anterior incision, a full-thickness crescent of excessive cartilage can be excised 
from the prominent conchal rim to reduce its height. Alternatively, a posterior incision can be used to excise a strip of 
cartilage from the deepest part of the conchal cup.

 20. What is the purpose of Mustardé sutures?
Mustardé sutures, also referred to as conchoscaphal sutures, are used to create the antihelical fold. These permanent 
mattress sutures are placed posteriorly through the full thickness of the scaphal and conchal cartilage on either side 
of the antihelix. As the sutures are tied, the antihelical fold is created. The cartilage surfaces are approximated only 
far enough to produce an aesthetic fold. The cartilage surfaces usually do not meet; instead, the sutures span the gap 
between them. Placement of these sutures usually is facilitated by first making several pairs of ink marks on the concha 
and outer aspect of the antihelix while pressing medially on the helix. These pairs of marks outline the position of the 
mattress sutures to be used in the repair. A 25-gauge needle dipped in ink is used to transfer the ink marks through 
the postauricular skin and tattoo the underlying cartilage. The cartilage can be directly tattooed if the postauricular 
skin excision has already been performed. The sutures (usually 4-0 clear nylon) are placed as described and tied 
simultaneously (Fig. 79-3).

 21. How is a prominent lobule corrected?
Prominence of the lobule, or lower third of the ear, is corrected by a modified fishtail excision extending from the 
posterior surface of the lobule to the mastoid skin (Fig. 79-4).

 22. Correction of which third of the ear is most important?
The upper third. Although a minor degree of remaining protrusion of the middle or lower third may be acceptable if the 
top is completely corrected, the reverse is not true.

A B

Figure 79-2. Conchomastoidal sutures. A, Resection of postauricular soft tissue. B, Several permanent mattress sutures secure the conchal 
cartilage to the mastoid fascia. (From LaTrenta GS: Otoplasty. In Rees TD, LaTrenta GS [eds]: Aesthetic Plastic Surgery, 2nd ed. Philadelphia, 
WB Saunders, 1994, pp 891–924.)
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 23. What is a “telephone ear” deformity?
Inadequate correction of a projecting antitragus and lobule may result in a secondary telephone ear deformity in which 
the upper and lower thirds of the ear appear relatively prominent with respect to a properly corrected middle third. The 
ear resembles a telephone receiver.

 24. What is the difference between cartilage-molding and cartilage-breaking techniques?
Cartilage-molding techniques, such as those of Mustardé and Furnas, take advantage of the soft, pliable characteristics 
of cartilage, especially in children. Such techniques use Mustardé conchoscaphal mattress sutures to maintain the new 
antihelical fold without excising any cartilage. Scoring of the anterior surface of the antihelix is performed as needed.

Cartilage-breaking techniques, such as those of Converse and Wood-Smith, are especially useful for the stiffer cartilage 
of adults. These techniques use full-thickness incisions or breaks through the cartilage to permit tubing of the antihelix, 
which then is stabilized with several sutures. The amount of conchal excess is estimated by pressing inward on the 
newly folded antihelix, and an elliptical conchal strip is excised. The edges of the newly folded antihelix and freshly 
contoured conchal rim are approximated with several permanent 4-0 mattress sutures. Care is taken not to evert 
the edges of the cartilage because eversion may cause secondary sharp ridging, the main complication of cartilage-
breaking techniques.

 25. What is the most common late deformity after otoplasty?
Residual deformity, which usually is identified within 6 months of surgery, may present a problem in as many as 10% to 
24% of patients after otoplasty (according to review of several series). Such problems may result from sharp ridges and 
irregular contours along the antihelical fold (more common with cartilage-breaking techniques), sinus tracts secondary 
to the presence of permanent sutures, overcorrection with any cartilage-weakening technique, and secondary telephone 
deformity. Despite the potential for residual deformity, in most series fewer than 10% of patients require subsequent 
otoplasty revision.

A B C

Figure 79-3. Mustardé (scaphoconchal) sutures. A, Several pairs of ink marks are made on the scapha and concha on either side of the 
antihelix. B, Markings are transferred to the postauricular skin and cartilage with 25-gauge needles dipped in ink. C, After postauricular 
skin excision down to cartilage, several permanent sutures are placed in the full thickness of the scaphal and conchal cartilage, piercing the 
perichondrium of the anterior cartilage. The sutures are tied simultaneously. (From LaTrenta GS: Otoplasty. In Rees TD, LaTrenta GS [eds]: 
Aesthetic Plastic Surgery, 2nd ed. Philadelphia, WB Saunders, 1994, pp 891–924.)

Figure 79-4. Correction of prominent lobules. A modified fishtail excision is performed in the postauricular sulcus. (From LaTrenta GS: 
Otoplasty. In Rees TD, LaTrenta GS [eds]: Aesthetic Plastic Surgery, 2nd ed. Philadelphia, WB Saunders, 1994, pp 891–924.)
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 26. What is the most likely cause of sudden onset of pain after otoplasty?
Hematoma. Sudden-onset, persistent, or unilateral pain should raise the index of suspicion for hematoma and warrants 
immediate dressing removal and evaluation. Evacuation of a clot after suture removal often is easily accomplished and 
should be followed by reapplication of a head dressing with mild compression.

 27. Which organisms usually are responsible for cellulitis after otoplasty?
Staphylococci or streptococci usually are the culprits, although Pseudomonas spp occasionally is responsible. 
Intravenous antibiotics are often indicated. Topical mafenide acetate (Sulfamylon) cream often is useful in preventing 
further spread of the infection and chondritis. Infections must be controlled immediately because long-term sequelae 
may include the development of residual deformity.

 28. Can chondritis occur after otoplasty?
Although rare, chondritis may occur after inadequate treatment of postoperative infection. Chondritis is a surgical 
infection requiring immediate exploration, débridement of necrotic cartilage, and soft tissue coverage to prevent severe 
cartilage destruction and resultant deformity.

 29. When can prominent ears be treated nonoperatively?
Within the first 72 hours of the neonatal period, the cartilage elasticity is affected by high levels of circulating maternal 
estrogens, resulting in unusual malleability of the auricular cartilage that permits nonoperative treatment of several 
congenital ear anomalies, including prominent ear deformity. After 72 hours, these hormonal levels drop and the 
cartilage becomes stiffer. Splinting materials for nonoperative management of congenital ear deformities include Steri-
Strips, rubber-coated electrical wire, and lead-free solder covered by a polyethylene suction catheter. Splinting of the 
prominent ear to the mastoid surface for 1 to 2 months often corrects the deformity.

 30. Which is the best technique for correction of the prominent ear deformity?
Each patient requires individual assessment to determine which technique(s) is best suited to meet the specific needs of 
the deformity. Not every prominent ear warrants conchal excision, conchoscaphal (Mustardé) sutures, conchomastoidal 
sutures, or abrasion of the anterior surface of the antihelix. Most, however, require some combination of these 
techniques to achieve the desired goals of otoplasty. Most otoplasty procedures (e.g., Mustardé technique) include a 
maneuver to recreate the antihelical fold (see Fig. 79-3).

 31. Describe patient management after otoplasty.
A dressing of mineral oil–soaked cotton and fluffed gauze is applied under a light cotton wrap. This dressing is removed 
within the first few postoperative days, sooner if signs or symptoms of infection or hematoma are present. The sutures 
are removed after 7 to 10 days, and the patient is instructed to sleep wearing an elastic ski band over the ears for 2 to 3 
weeks after surgery.

CONTROVERSY

 32. Should postauricular skin excision always be performed during otoplasty?
Not necessarily. Much has been written about various approaches to postauricular skin excision during otoplasty. 
Some advocate centering the excision over the postauricular sulcus; the excision thus includes skin from the posterior 
surface of the ear as well as the mastoid region. Others prefer to bring the excision within several millimeters of the 
postauricular sulcus without actually crossing it or including mastoid skin. Still others contend that skin preservation is 
necessary to compensate for excessive skin contraction that may obliterate the posterior sulcus or pull the midhelix into 
a hidden position on frontal view, creating a telephone ear deformity. Therefore, excision of postauricular skin is based 
on the surgeon’s experience and preference.
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AbdominoplAsty

 1. What is the blood supply of the anterior abdominal wall?
The anterior abdominal wall has superior, inferior, and lateral vascular supplies. The superior epigastric artery and the 
musculophrenic artery, both branches of the internal mammary, feed the upper half of the abdominal wall. The inferior 
blood supply consists of the inferior and superficial epigastrics medially as well as the deep and superficial circumflex 
iliac arteries laterally. The skin and subcutaneous tissue derive their blood supply from the medial rectus perforators as 
well as laterally from the intercostals and lumbar segmental arcades.

Vascular zones related to abdominoplasty can be separated into superior medial (zone I), inferior medial (zone II), and lateral 
(zone III) areas. Zone II and most of zone I (depending on the extent of the dissection) are devascularized in an abdominoplasty. 
As a result, the abdominal wall flap is vascularized primarily by the intercostals and lumbar arcades of zone III (Fig. 80-1).

 2. What are the layers of the anterior abdominal wall?
The layers of the anterior abdominal wall vary according to the location on the wall. The basic layers of the lateral 
abdomen from superficial to deep are (1) skin, (2) Camper’s fascia, (3) Scarpa’s fascia, (4) external oblique, (5) internal 
oblique, (6) transversalis fascia, and (7) peritoneum. The arcuate line, which is found below the umbilicus in the 
midabdomen, demarcates a change in the thickness of the anterior and posterior rectus sheath. Above the arcuate line 
(Fig. 80-2), the external oblique fascia and half of the internal oblique fascia give rise to the anterior rectus sheath. The 
other half of the internal oblique fascia combines with the transversalis fascia to form the posterior rectus sheath. Below 
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Surgery. St. Louis, Quality Medical Publishing, 1993, with permission.) C, Vascular zones of the anterior abdominal wall. (From Matarasso A: 
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the arcuate line, the internal oblique fascia contributes all of its fibers to the anterior sheath, and the transversalis alone 
forms the posterior sheath. This may result in a relatively weaker fascial segment below the arcuate line that is more 
susceptible to laxity. Overlying and closely adherent to the anterior rectus and external oblique fascia is the innominate 
fascia, or fascia of Gallaudet, which covers a plexus of small arteries and veins. Undermining of the abdominal wall flap 
in an abdominoplasty should proceed above this layer to preserve the delicate vasculature and reduce the incidence of 
postoperative seroma formation.

 3. What is the superficial fascial system?
The superficial fascial system (SFS) is made up of a horizontal, loose connective tissue layer and its investing vertical 
and oblique septa. The distinct compartmentalization of the SFS defines the adipose layers of the anterior abdominal 
wall. The layer of adipose tissue superficial to Scarpa’s fascia in the anterior abdominal wall is usually of uniform 
thickness with a compact septal framework, whereas the deep layer is highly compartmentalized with a globular septal 
framework. The deep adipose layer is primarily responsible for distinct contouring of the abdomen. In a male or android 
pattern, this fatty layer is in the upper abdomen and flanks; in the female or gynoid pattern, the fatty layer is in the lower 
abdomen, hips, and thighs.

 4. What are the basic elements of abdominal contour abnormalities?
Most patients seek abdominoplasty because they wish to correct a contour abnormality. The abnormality is often a complex 
composite of multiple basic problems. Four fundamental areas of concern should direct the plastic surgeon in correction of 
the abnormality: (1) to evaluate the degree of skin redundancy and flaccidity, (2) to assess the degree of excessive adipose 
tissue and its location, (3) to evaluate muscle diastasis and aponeurotic laxity, and (4) to assess undesirable scars or striae 
and their location. These four basic elements direct the surgical approach for optimal correction of anatomic problems.

 5. What is the basic surgical approach to abdominoplasty?
One of the most important steps in the abdominoplasty procedure begins before the surgery with supine and upright 
marking of the patient’s abdomen. Skin laxity is assessed, and the area of proposed resection is marked. Regnault’s 
open-W incision is the most widely used and modified of the abdominoplasty incisions (Fig. 80-3). Some advocate 
angling the lateral incision toward the anterior superior iliac crest to maximize blood supply in the abdominal flap and 
avoid dog ears during closure. The abdominal skin flap is elevated off the rectus sheath from pubis to xyphoid with 
preservation of the umbilical stalk and circumferential excision from the skin flap. The musculoaponeurotic fascia is 
plicated in the midline, and the lower aspect of the skin flap is resected. The umbilicus is placed at the intersection 
of a line connecting the highest point of the iliac crests with a line bisecting the abdomen from the sternum to pubis, 
and the new superior margin of the skin flap is sutured to the original inferior margin. Liposuction can be performed 
concomitantly (with caution) to remove excess fat from the flanks and hips.

 6. What is a fleur-de-lis abdominoplasty?
Fleur-de-lis describes the shape of the incision in this inverted T-type abdominoplasty. It is useful in patients with a 
significant amount of medial obesity or when a large pannus must be excised. The procedure begins with a traditional 
W-type or Regnault low transverse incision, which is used in conjunction with a vertical wedge component that may be 
taken as high as the xyphoid as well as inferiorly over the mons pubis, if necessary. This method resects medial tissue 
and draws the new medial margins into the midline.

Figure 80-3. Low transverse or W-type incision. (From Pitman GH [ed]: Liposuction and Aesthetic Surgery. St. Louis, Quality Medical 
Publishing, 1993, with permission.)
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 7. What are the indications for the so-called miniabdominoplasty?
The miniabdominoplasty uses a shortened low transverse incision and is used primarily in patients with infraumbilical 
skin and fat excess. The same techniques of skin flap undermining, occasionally with the aid of endoscopic equipment, 
are used as in a standard abdominoplasty. However, the umbilicus is often left in continuity and simply retracted 
inferiorly after resection of the redundant skin in the superior flap. The rectus sheath and external oblique fascia are 
then plicated, usually in the midline and laterally.

 8. What are the contraindications for abdominoplasty?
General contraindications to abdominoplasty include previous surgical procedures of the abdominal area resulting in 
interruption of regional blood supply to the abdominal wall (e.g., previous open cholecystectomy); comorbid medical 
conditions such as hematologic, thromboembolic, cardiovascular, or metabolic disorders; obesity; and desire for future 
pregnancy. Patients who have diabetes or who smoke have an increased risk for complications. As with any elective 
cosmetic procedure, unrealistic patient expectations should be weighed heavily in determining an appropriate operative 
candidate.

 9. What is the difference between an abdominoplasty and a panniculectomy?
An abdominal pannus is an apron of skin and fat that hangs down from the abdomen, sometimes covering the anterior 
thighs, hips, and knees. A large pannus can interfere with activities of daily life. Skin infections and rashes are common 
complaints in patients with a substantial pannus. A panniculectomy is performed to relieve these symptoms. During 
a panniculectomy, the excess skin and fat are removed. Plication of the abdominal wall fascia is not performed. An 
abdominoplasty is a cosmetic procedure, usually involving fascial plication.

 10. Can liposuction alone be used to rejuvenate the abdomen?
Yes. In patients who have good skin tone and isolated lipodystrophy, liposuction with no surgical resection can be the best 
choice. Usually these patients are younger, have good skin tone, and have minimal musculofascial laxity or diastasis.

 11. What is the role of liposuction in abdominoplasty?
The extent of liposuction used in abdominoplasty varies greatly, depending on the desired result and amount of tissue 
to be resected. Suction-assisted lipectomy (SAL) and abdominoplasty are complementary modalities in body contouring 
and, in general, are used inversely, depending on the severity of the contour abnormality.

Typically, liposuction has its greatest role in procedures requiring minimal tissue excision and minimal musculofascial 
repair; however, it is often used in large abdominoplasties to tailor areas such as the flanks. SAL of the upper and 
lateral abdomen (zones II and III in Fig. 80-1) should be used with caution because it may jeopardize blood supply to the 
abdominal flap.

Matarasso described “safe” zones for liposuction in combination with abdominoplasty on the basis of blood supply 
to the abdominal wall (Fig. 80-4). According to Matarasso the unrestricted safe areas are lateral and superior, but the 
central medial flap must be suctioned with caution. The surgeon should preserve flap thickness and avoid defatting 
between Scarpa’s fascia and the skin. Safe liposuction must strike a balance between the extent of undermining and 
tension on the wound closure. Matarasso also proposed a risk factor index for patient selection (Table 80-1).

 12. Can musculofascial laxity of the abdominal wall be repaired?
Yes. Musculofascial repair is indicated in patients with musculofascial laxity (Table 80-2). Quite often females will have 
laxity of the rectus fascia with associated rectus diastasis after multiple pregnancies. The anterior aponeurosis of the 
abdominal wall is the frame on which the cutaneous flaps are draped, and a significant amount of trunk contouring can be 
achieved at this level. Plication of the anterior rectus sheath to tighten the musculofascial layer can be performed several 
ways. Most surgeons vertically plicate the anterior rectus fascia in the midline. Additional lateral horizontal plication sutures 
can be placed to further contour the abdominal wall. Permanent suture material should be used for the plication.

 13. Where and how should umbilicus be placed?
The umbilicus usually lies in the midline at the level of the superior iliac spines. From an anatomic standpoint, these 
landmarks are used to replace it within the superior skin flap. Multiple techniques have been described, with the 
basic desired aesthetic result being a small, vertically oriented umbilicus with superior hooding. Freeman and Weimer 
recommend defatting the umbilical stalk to less then 1.5 cm in diameter and insetting it to a reverse omega incision in 
the superior skin flap. The reverse omega incision is reported to add hooding to the superior aspect of the umbilicus. 
The vertical midline of the skin flap is slightly defatted above and below the new umbilicus site to recreate the vertical 
raphe. The umbilical stalk is then affixed to the skin flap with sutures that both approximate the skin edges and capture 
the deep fascial margin. This technique not only strengthens the closure but also helps to create the invagination of the 
umbilicus (Fig. 80-5).



536 AbdomInoplASTY

Arc

Safe areas of SAL
SUCTION AREA (SA)

SA 1

SA 1SA 1

SA 4

SA 2SA 2

SA 3

Limited areas of SAL
Cautious area of SAL
Unrestricted SAL

SA 1
SA 2
SA 3
SA 4

Figure 80-4. Anatomic regions for suction lipectomy 
in abdominoplasty. Suction areas are SA 1 (safe), SA 2 
(limited), SA 3 (cautious), and SA 4 (unrestricted).

Table 80-1. Risk Factor Index

Class I (low risk)* Age
Volume of suction-assisted lipectomy
Concomitant procedures
Intraabdominal surgery†

Class II (moderate risk) Suction-assisted lipectomy location, extent, sites
Obesity
T closure scars

Class III (high risk) Deep vein thrombosis risks
Smoking exposure
Comorbid medical conditions
Multiple risk factors

Note: The risk factor index system is used to establish a patient profile and determine the feasibility 
of combined surgery.
*These factors lengthen the procedure, which increases the possibility of deep vein thrombosis.
†Subject of conflicting reports.

Table 80-2. Abdominoplasty Classification System

CATEGORY SKIN FAT MUSCULOFASCIAL SYSTEM TREATMENT

Type I Minimal laxity Variable Minimal flaccidity Suction-assisted lipectomy

Type II Mild laxity Variable Mild lower abdominal 
flaccidity

Miniabdominoplasty

Type III Moderate 
laxity

Variable Moderate lower and/or upper 
abdominal flaccidity

Modified abdominoplasty

Type IV Severe laxity Variable Significant lower and/or 
upper abdominal flaccidity

Standard abdominoplasty 
with suction lipectomy
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 14. What are the complications of abdominoplasty? How can they be minimized?
Wound infection, seroma, hematoma, minor skin edge necrosis, and minor skin edge dehiscence occur in approximately 
12% of all abdominoplasties and are responsible for greater than 98% of all complications reported. Major skin necrosis 
requiring reoperation, deep vein thrombosis, and pulmonary embolism are significantly more serious complications; 
however, they occur less commonly. Careful patient selection, surgical planning, and deep vein thrombosis prophylaxis 
are important factors in minimizing complications. Some surgeons believe that progressive tension sutures used during 
closure may reduce local complications.
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Figure 80-5. Suturing technique 
for affixing the umbilicus to the 
superior skin flap and anterior 
rectus fascia. (From Pitman GH [ed]: 
Liposuction and Aesthetic Surgery. 
St. Louis, Quality Medical Publishing, 
1993, with permission.)
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Body Contouring

 1. What is the anatomic distribution of fat in men and women?
Men and women generally accumulate fat in distinct and predictable patterns, which are genetically and hormonally 
related. The distribution in men is primarily around the abdomen and torso (android pattern). Women accumulate 
fat around the hips and thighs (gynoid pattern).

 2. Are there differences in the layers of fat?
The subcutaneous fat in the trunk is composed of two layers, superficial and deep. The superficial layer is dense and 
compact, with multiple fibrous septa. The deep layer is more loose and areolar with few septa. The deep layers are 
principally located around the umbilical, paralumbar, gluteal, and medial thigh regions.

 3. How is cellulite formed?
The fat present in cellulite is no different from ordinary subcutaneous fat. The distinct appearance of cellulite is due to 
the architecture of the superficial fat in these areas. The presence of dense vertical septa separates the fat into pockets. 
As the fat hypertrophies or the skin relaxes with age, the septa act as anchor points to the skin. This results in the 
classic accordion appearance of cellulite.

 4. If fat is removed, will it come back?
Fat cells are produced by the body during three different periods: in utero, early childhood, and early adolescence. In 
general, after reaching maturity, the total number of fat cells in the body will not increase. Fat cells that are removed 
through liposuction or other techniques will not be replaced by other fat cells. However, the remaining cells may 
hypertrophy, and the total fat mass in the area may increase. The one exception is morbid obesity, in which the fat cells 
may become hyperplastic and multiply.

 5. What is liposuction?
Liposuction, also known as lipoplasty or liposculpture, is the surgical removal of adipose tissue through the use of small 
metal cannulas.

 6. Who originally developed liposuction? When did it become accepted?
Dujarrier is generally accredited with the first use of liposuction in 1921. He attempted to remove fatty deposits from 
around the knees of a ballerina but perforated the femoral artery, resulting in an amputation. This set back liposuction 
for several years. The modern development of liposuction can be traced to such surgeons as Schrudde, Fisher, Meyer, 
and Illouz in the 1970s and 1980s.

 7. What are the indications for liposuction?
Liposuction works best for treating localized fat deposits that do not respond to traditional diet and exercise. The 
treated areas will retain the new contour unless the patient has large weight gains. Liposuction is not a treatment of 
obesity. Patients who have significant medical problems, who have poor skin tone or inelasticity, or who are taking 
anticoagulants should not undergo liposuction.

 8. What is the difference between ultrasound-assisted liposuction and traditional liposuction?
Traditional liposuction removes fat cells through the mechanical avulsion of fat. Ultrasound-assisted liposuction (UAL) 
uses an ultrasound generator and handpiece to produce ultrasound energy to destroy fat cells in vivo through a process 
known as cavitation. The emulsified fat is removed through a hollow channel in the cannula using standard suction.

 9. What is wetting solution? Why do we use it?
Wetting solution is the delivery of subcutaneous infiltration into the subcutaneous fat before the use of liposuction. It was 
pioneered by Illouz in the 1970s and later adapted by many surgeons, most notably Klein, who developed the tumescent 
technique. The use of wetting solution has two advantages: an anesthetic effect secondary to the use of lidocaine and a 
hemostatic effect due to the use of epinephrine (Table 81-1).
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 10. What are the compositions of the more common wetting solutions?
The two most commonly used wetting solutions for liposuction are the Klein tumescent solution and the Hunstad 
solution. The Klein formula combines 1 L of saline with 50 mL of 1% lidocaine, 1 mL of 1:1000 epinephrine, 
and 2.5 mL of 8.4% sodium bicarbonate. The bicarbonate is added to augment the potency of the lidocaine and 
decrease the discomfort of the injection. The Hunstad formula uses lactated Ringer’s solution with the same lidocaine 
and epinephrine solution as in the Klein formula. Because lactated Ringer’s solution has bicarbonate, there is no need 
to add bicarbonate. The final lidocaine concentration of both solutions is 0.048%, and the epinephrine is slightly more 
dilute than 1:1,000,000.

 11. How are intravenous fluids managed during liposuction?
Maintenance fluids are replaced throughout the duration of the procedure. For each milliliter of lipoaspirate greater than 
5 L, an additional 0.25 cc of crystalloid is administered. As with any procedure, the overall health of the patient and the 
patient’s cardiovascular status must be accounted for.

 12. What are the recommended aspirate volumes for outpatient liposuction?
Routine inpatient postoperative observation in an accredited facility for patients undergoing aspiration greater than 
5 L have resulted in lower complication rates.

 13. What is a maximal safe dose of lidocaine when administered as a  
wetting solution?
With tumescent infiltration into the subcutaneous tissues, 35 mg/kg is considered the maximal safe dose. For an 80-kg 
patient, this corresponds to 2800 mg of lidocaine. Thus, if 5 L of tumescent fluid is infused into an 80-kg patient (500 
mg of lidocaine per liter of tumescent), a total of 2500 mg of lidocaine is infiltrated, which is below the maximal safe 
dose.

 14. Should you be concerned about lidocaine toxicity during the procedure?
Lidocaine toxicity is not a major concern during the procedure unless there is inadvertent intravascular injection of 
tumescent solution. Maximal lidocaine concentration in the blood peaks 8 to 16 hours from initiation of infiltration. 
Several studies have documented that administration of tumescent solution up to 35 mg/kg of lidocaine does not result 
in toxic blood levels of lidocaine (blood concentration >5 mcg/mL).

 15. If you are planning a large-volume liposuction (>5 L), how should the infiltrate be 
modified?
The surgeon should be well aware of the maximal safe dose of lidocaine as indicated in Question 13. If this level is 
being approached, infusing tumescent solution without lidocaine will provide the desired hemostatic effect without 
administration of additional lidocaine. Warming of all infiltration fluids and use of a Foley catheter should be routinely 
used in this subset of patients.

 16. What are the most common sequelae of liposuction?
The difference between sequelae and complications is what the doctor tells the patient: the patient will have the 
sequelae after the procedure but may have the complications. The most common sequelae include contour irregularities, 
paresthesias, edema, ecchymosis, and discoloration, which occur routinely in almost all patients who undergo 
liposuction. However, they resolve spontaneously or with minimal treatment such as massage.

 17. What are the most common complications of liposuction?
The most common complications of liposuction include significant blood loss, fluid shifts, asymmetries, and contour 
deformities. The possible complications of skin loss, skin burns, and seroma formation are seen more frequently with 
UAL than with traditional liposuction.

Table 81-1. Liposuction Techniques

 
TECHNIQUE

 
INFILTRATE

ESTIMATE OF BLOOD LOSS 
(% OF VOLUME)

Dry No infiltrate 20–45

Wet 200–300 cc per area  4–30

Superwet 1 cc infiltrate per 1 cc aspirate  1

Tumescent Infiltrate to skin turgor 2–3 cc 
infiltrate per 1 cc aspirate

 1
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 18. Is it safe to perform liposuction with abdominoplasty?
It is safe to perform liposuction in some areas of the trunk in conjunction with abdominoplasty. These areas include the 
flanks and anterolateral abdominal wall; however, the central abdomen should not be treated because skin or flap loss 
may occur.

 19. What is the recommended treatment of gynecomastia?
Currently, UAL is an excellent modality for treatment of gynecomastia. It removes the dense fibrous fat of the male breast 
and contours the area around the central core. Occasionally, resection of the small fibrotic remainder may be needed.

 20. Does the excessive skin need to be resected after removal of fat via liposuction?
In general, even despite large amounts of removed fat, skin has good elasticity and will conform to the new underlying 
volume. However, in patients with inelastic skin or in elderly patients, the skin may not redrape and skin resection may 
be needed.

 21. How do you determine whether a patient will benefit from abdominoplasty versus 
liposuction?
The first determinant is the status of the abdominal wall musculature. During examination it is critical to check for the 
presence of a lax abdominal wall. Diastasis or wall laxity cannot be treated by liposuction. Second, if the patient has 
inelastic skin or severe skin excess, the skin may not redrape, so excisional techniques are more appropriate.

 22. What is the treatment of arm ptosis and lipodystrophy?
There are two approaches. In mild to moderate cases, liposuction, either traditional or ultrasound assisted, may be effective. 
If the deformity is moderate to severe or the patient has inelastic skin, direct excision (brachioplasty) can be performed.

 23. Where should the final scar in a formal brachioplasty lie?
The scar should lie slightly posterior to the bicipital groove.

 24. How do you prevent complications from a medial thigh lift?
The most common complications from a medial thigh lift are wide scars, vulvar distortion, and relapse. They may be 
prevented by anchoring the thigh flap to the deep layer of the superficial perineal fascia (Colles’ fascia).

 25. What is autologous fat transplantation?
In this process, fat is harvested from one area of the patient and transplanted to another. Examples include removal of 
abdominal fat for procedures such as lip augmentation, repair of postliposuction deformities, and facial sculpturing. The 
survival rate of transplanted fat cells is controversial. In general, if the fat is treated gingerly, rinsed, and centrifuged, the 
survival rate is 25% to 50%.

 26. What are Autologen and Alloderm?
Autologen is autologous processed dermis. Alloderm is processed cadaver dermis. Both products can be used for 
augmentation of the lip, contour deformities, and the nasolabial fold. Although no large long-term studies have analyzed 
survival rates of the dermis, several reports show no resorption after 1 year.

 27. Does the use of Autologen and Alloderm involve any risk?
The significant risks with use of Autologen are infection and resorption. Alloderm is treated by a number of techniques to 
eliminate viable viral and/or cell structures.

CONTROVERSIES

 28. Will UAL replace traditional liposuction?
Although initially greeted as the replacement for traditional liposuction, the clinical applications of UAL now are 
more apparent. UAL appears to be more effective than traditional liposuction in fibrous tissue such as the buttocks, 
gynecomastia, and secondary liposuction. There may be increased skin shrinkage with the use of UAL. However, UAL 
will not replace traditional liposuction. Instead, it extends the use of liposuction in body contouring.

 29. Is fat transplantation the best way to perform lip augmentation or minor contouring 
procedures where augmentation is required?
The use of fat transplantation is somewhat controversial. Although some surgeons believe that 50% or more of grafts 
will survive, many believe that the survival rates are too variable and unpredictable for safe use. Alternatives include 
biologic products such as autogenous dermis, processed cadaver dermis, porcine or bovine collagen, and synthetic 
products such as Gore-Tex.
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 30. Does tumescent liposuction have an advantage over other techniques?
Liposuction performed without the use of subcutaneous infiltration has a much higher rate of blood loss than does 
liposuction performed with wetting solutions. However, the exact dosage of subcutaneous infiltration required to provide 
the beneficial effects has not been thoroughly studied. The risk of true tumescent infiltration is fluid overload.

 31. Are there cures for cellulite?
At present a number of modalities are purported either to ameliorate or to cure cellulite. However, no definitive 
studies show clear results in reducing or eliminating cellulite. Techniques that have been reported to be effective 
include ultrasound liposuction, Endermologie, massage techniques, and application of creams. None of these has 
proved to be fruitful.
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Body Contouring After MAssive  
Weight Loss

 1. What is the incidence of morbid obesity in the United States?
Obesity is a worldwide epidemic and continues to grow at an alarming rate in the United States (U.S.). The number of 
annual deaths attributed to obesity in the U.S. is estimated to be 112,000. Approximately 65% of adults in the U.S. are 
overweight, 60 million are obese, and nine million are severely obese. The clinical definition of obesity is a body mass 
index (BMI) ³30. Obesity is a progressive disease. It is a major health concern with significant economic implications, 
costing the U.S. medical system more than $70 billion per year. A constellation of medical problems known as metabolic 
syndrome is associated with morbid obesity, including hypertension, dyslipidemia, type 2 diabetes, coronary artery 
disease, stroke, gallbladder disease, osteoarthritis, obstructive sleep apnea, and cancers such as breast and colon 
cancer.

 2. What is the BMI, and how is it determined?
BMI is a ratio of weight to height. It is the most commonly used method for determining a patient’s weight status and is 
calculated as follows:

BMI = Weight (in kilograms)/Height (in meters2)

BMI of 30 to 35 is classified as obesity, 35 to 40 defines severe obesity, 40 to 50 defines morbid obesity, and ≥50 
defines “super obesity.” Higher BMI is associated with greater health risks and greater risk for complications from 
surgery, such as wound healing problems, infection, seroma, and venous thromboembolism (VTE).

BMI is not a direct measure of body “fatness” or health as it is calculated from an individual’s weight, which 
includes both muscle and fat. In this way, highly trained athletes may have a high BMI but not have a high 
percentage of body fat.

 3. What are the surgical options available for patients with morbid obesity?
Bariatric surgery is the only effective therapy for successful maintenance of weight loss in morbidly obese patients. 
The two major categories of surgery are restrictive operations and malabsorptive operations. Restrictive operations 
include vertical banded gastroplasty, gastric banding (lap band), and gastric bypass. Malabsorptive operations include 
biliopancreatic diversion, duodenal switch, and distal gastric bypass. In the U.S., gastric bypass composes 80% of 
obesity procedures, lap band approximately 5% to 10% (more common in Europe and Australia), and duodenal switch 
approximately 5% to 10% of bariatric surgery cases.

In 2004, more than 144,000 Americans had bariatric surgery, representing a 40% increase over 2003 and 100% over 
2002 (Fig. 82-1). There is significant improvement of the concomitant medical problems associated with obesity in 
patients who have lost weight.

 4. What is the impact of this on the field of plastic surgery?
Massive weight loss leads to skin redundancy and laxity, resulting in rashes, skin breakdown, hygiene problems, pain 
within the skin, and exacerbation of back and joint pain. Some patients are limited in achieving further weight loss by 
impedance of skin redundancy. Aesthetically, the excess skin can negatively impact body image to the point where some 
patients express that they wished they never lost the weight. Excess skin can affect the face and neck, chest, abdomen, 
and upper and lower back and thighs.

More patients are exploring options for body contouring, which has developed into a specialty in its own right. The 
latest statistics from the American Society for Aesthetic Plastic Surgery show that massive weight loss body contouring 
procedures increased at a rate of 38% for lower body lift and 61% for brachioplasty in 2003 to 2004.
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 5. Why is body contouring in massive weight loss patients a greater challenge?
From the medical, psychological, and cosmetic viewpoint, the postbariatric patient population presents a unique 
and growing challenge to the plastic surgeon. These patients present a very different profile from those who 
have not been obese. Their deformities are more severe, with more excess skin, poor tone, and greater degree 
of laxity. Due to the global weight loss and hence the global laxity of skin, traditional body contouring techniques 
often are insufficient to correct these deformities. Multiple procedures may be required, surgeries are time 
consuming, and blood loss can be substantial. Patients often have medical comorbidities, previous surgical scars, 
and nutritional deficiencies. Some massive weight loss patients still are obese, which puts them at greater risk for 
complications after surgery (Fig. 82-2).

Trends in Bariatric Surgery
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Figure 82-1. Number of bariatric 
surgeries performed in the United States 
by year.

Figure 82-2. Standard presentation of massive weight loss patient, including skin with poor tone and laxity and upper midline scar.



544 body contouring after massive weight loss

 6. What is the ideal time interval to initiate body contouring surgery?
Bariatric surgery patients typically achieve stable weight loss in 12 to 18 months, but some patients present in as few 
as 6 months for panniculectomy due to interference from overhanging skin.

 7. What is the role of liposuction in morbidly obese patients?
Rarely is liposuction the only procedure that a patient with massive weight loss would need for body contouring. 
Liposuction can be used to assist in contouring or in release of tissues to allow better lift. For example, liposuction of 
the outer thigh can help in lower body lift by improving contour and allowing release to afford better lift. It is risky to 
combine liposuction with excision of a body region such as the thigh or arm. It is safer to stage liposuction and excision 
if liposuction is needed to improve contour, performing liposuction of thick subcutaneous tissue in the first stage 
followed by excision as the second stage (Fig. 82-3).

 8. What are some of the considerations of breast surgery in massive weight loss 
patients?
Breast deformity in massive weight loss patients is greater and more technically challenging than in non–massive 
weight loss patients. The breast tends to have a deflated, flat appearance, with excess skin laxity, significant ptosis, and 
often a prominent axillary roll or fatty roll that continues into the back.

Approaches to shaping and contouring the breast include mastopexy alone or in combination with implant augmentation, 
saline or silicone. Mastopexy with an inverted T incision extending into the axilla and possibly all the way into the back 
will treat “bat wings.” The lateral tissue can be used for autologous augmentation of the central breast mound. Vertical 
mastopexy can be considered if ptotic tissue is limited to the anterior chest.

Augmentation mastopexy can be performed as a single or a staged procedure. Staging surgery affords less risk of 
wound healing problems and allows better predictability of outcome due to the fact that sagging may occur after 
mastopexy, particularly in this population. Mastopexy would be performed first, followed by second-stage augmentation 
(Fig. 82-4).

Figure 82-3. In body regions with significant lipodystrophy requiring liposuction and excision, it is safer to stage the procedures, performing 
liposuction of thick subcutaneous tissue in a first stage followed by excision at a second stage. Maximal and stable weight loss must be 
ensured prior to undertaking these procedures.



545aesthetic surgery

 9. How is gynecomastia in the male treated after massive weight loss?
Gynecomastia presentation in this population spans a broad spectrum, ranging from patients who require only some 
liposuction to patients who require a full upper body lift from front to back. In patients with minimal ptosis who do not 
desire a perceptible scar, liposuction may work. In patients with a large amount of excess skin and breast tissue, a Wise 
pattern approach with mastectomy and nipple grafting is recommended. Rather than mastectomy and nipple grafting, 
others may recommend liposuction and nipple transposition with an inverted T scar or with just a horizontal scar (Fig. 82-5).

 10. Describe some techniques used for brachioplasty after massive weight loss.
 • Short Scar Brachioplasty: Treats mild skin excess of the proximal arm, with scar limited to the axillary fold. This 
approach has limited application and conservative results.

 • Traditional Brachioplasty: Treats severe skin excess with scar from axilla to elbow. Discussion of scar placement 
and appearance prior to surgery is of paramount importance because these scars are visible and may remain 
hypertrophic for a prolonged period.

 • Extended Brachioplasty: Traditional scar extended to below the axilla along the lateral chest to treat skin excess 
(i.e., “bat wing deformity”). Placing a Z-plasty within the axilla will help protect against contracture and limited range 
that may result in a scar traversing straight across the axilla (Fig. 82-6).

 11. Explain the different terminologies used for contouring procedures of the abdomen 
and the lower body.
 • Standard Abdominoplasty: Removal of excess abdominal skin with undermining and plication of the abdominal wall.
 • Extended Abdominoplasty: Removal of the roll of loose skin and fat that wraps around the waistline or the love handle. 
Results in longer scars.

 • Anchor (Fleur-de-Lis) Abdominoplasty: Removal of a vertical strip of tissue resulting in a midline vertical scar, with 
tightening of the horizontal vector as well.

A B

Figure 82-5. A, Minimal gynecomastia post massive weight loss, which can be treated with liposuction alone to flatten the chest. B, More 
marked gynecomastia with chest ptosis and skin redundancy extending around the back, requiring upper body lift.

A B

Figure 82-4. A, Lateral and medial breast tissue that would otherwise be discarded in standard mastopexy can be rotated to supplement 
the central breast mound. B, On the table result, with skin closed.
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 • High Lateral Tension Abdominoplasty: Lateral tension at the outer margins of the scar, popularized by Ted Lockwood, MD.
 • Reverse Abdominoplasty: Contouring of the upper abdomen using an incision placed in the inframammary crease, 
often performed at a separate stage from traditional abdominoplasty (Fig. 82-7).

 • Panniculectomy: Removal of the abdominal panniculus, a large apron of skin and fat that overhangs the pubis. Not 
as extensive as abdominoplasty and does not involve undermining, translocation of the umbilicus, or plication of the 
fascia. Tends to be applicable to high-risk or morbidly obese patients.

 • Belt (Circumferential) Lipectomy: Removal of tissue from the abdomen circumferential to the back.
 • Lower Body Lift: Belt lipectomy that treats the lower truncal subunit and may include the inner thighs.

 12. What is a lower body lift? An upper body lift?
A lower body lift comprises abdominoplasty and lower back lift, also known as circumferential torsoplasty. In 
patients who may benefit, autologous subcutaneous fat and dermis based on the gluteal arteries may provide 
buttock augmentation in combination with the back lift. Thigh lift may be attached to this procedure. Lower body lift 
helps address the abdomen, pubis, back, and inner and outer thighs, improving adjacent body regions above and 
below the resection.

An upper body lift comprises mastopexy in women and mastectomy for gynecomastia in men, combined with excision of 
upper back skin. Some include brachioplasty within the category of upper body lift.

 13. What are some considerations in markings for a lower body lift?
Markings must be performed in the preoperative area with the patient standing. For back lift, the upper marks follow the 
buttock subunit and are guided by the patient’s desire for a particular scar location. A pinch test is used to assess tissue 
laxity and to determine the inferior incision, which should be in the form of an S, removing more lateral tissue than 
central tissue. Incision placement should not be so low as to connect to the gluteal cleft, which could result in unsightly 
lengthening of the cleft. Anterior markings must address ptosis of the mons. The incision for the mons usually is 5 to 
7 cm above the introitus. The lateral anterior markings are made after lifting up the anterior lateral thigh skin toward 
the iliac spine. Pulling upward and inward these markings are connected with the posterior markings. In general, scars 
should lie posteriorly above the gluteal cleft, laterally at the iliac crest, above the inguinal ligament in the groin, and 
approximately 5 to 7 cm above the introitus.

A

C

B

Figure 82-6. A, Short scar brachioplasty limits scar to the axilla. B, Traditional brachioplasty with scars extending from the axilla to the 
elbow in a T. C, Extended brachioplasty scar to address lateral chest, using Z-plasty across the axilla.
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 14. What are positioning options for lower body lift? What precautions need to be taken 
with this positioning?
Positioning options include prone/supine and lateral decubitus/supine. Pressure on the head and neck must be avoided. 
Undue pressure around the eyes can cause blindness. Neck position must be neutral to avoid kinking of the carotid 
and vertebral arteries, which may cause stroke. Axilla and elbows should be kept at 90° without extension to avoid 
stretching of the nerves. Pressure on the joints must be avoided because any compression of the nerves could lead to 
long-term disability.

 15. What are the surgical options for inner thigh lift?
Thigh lift incisions may be limited to the anteromedial thigh as advocated by Ted Lockwood or may be extended down 
the inner thigh to the knee, analogous to traditional brachioplasty. For the anteromedial thigh approach no more than a 
7-cm resection of skin is recommended, and suspension to Colles’ fascia/pubic periosteum is critical to avoid downward 
scar migration. Extending the anteromedial incision into the gluteal crease posteriorly, more skin may be removed. The 
benefit of this approach is limitation of the scar to the groin crease; however, the drawback is that only skin in the upper 
third to half of the thigh is tightened. Performing thigh lift with extension to the knee allows better skin tightening along 
the entire thigh to the knee in exchange for a longer, visible scar. Care must be taken with keeping a superficial plane of 
excision to avoid injury to venous and lymphatic structures. This approach is also best performed on an operative bed 
that allows separation of the legs (Fig. 82-8).

16. What are some common risks of body contouring surgery after massive  
weight loss?
Common risks include seroma formation, wound healing problems, infection, scarring, bleeding, and VTE. Problems 
specific to these surgeries include the possibility of asymmetry and relapsing skin laxity due to poor skin tone. 
Patients may need revisions due to difficulty in ensuring a taut result with poor skin quality that may result from 
malnutrition. Reducing the complexity of surgery and staging surgery in patients with medical comorbidities or BMI 
>30 can help reduce risk and optimize outcomes.

A

B

Figure 82-7. A, Reverse 
abdominoplasty markings. Excision 
into the inframammary fold provides 
better access to upper abdominal 
skin redundancy. B, Upper 
abdominal approach is incorporated 
into a mastopexy.
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17. What measures can surgeons take to reduce the risk of VTE?
Conservative prophylactic measures against VTE include intraoperative knee flexion; support hose and sequential 
compression devices until ambulation; and heparin or low-molecular-weight heparin subcutaneous in prophylactic 
doses. Patients with prior VTE or high BMI require a Greenfield filter, either temporary or permanent, and must be 
considered for therapeutic anticoagulation after surgery.
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Figure 82-8. Prone positioning 
precautions include neck in neutral 
position and axilla and elbow at 
90°. Facial prone pillow protects 
the face and eyes from pressure, as 
does eggcrate padding for all other 
pressure points including the joints.
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ChemiCal Peeling and dermabrasion

 1. What is chemical peeling?
Chemical peeling, also called chemexfoliation, chemosurgery, or dermapeeling, is the application of one or more 
exfoliating agents to the skin, resulting in destruction of portions of the epidermis and/or dermis with subsequent 
regeneration of new epidermal and dermal tissues. The various agents used can be categorized according to the depth of 
wounding that they produce. Superficial or light peeling involves wounding to the papillary dermis; wounding to the upper 
reticular dermis is considered medium-depth peeling; and deep-depth peeling is to the midreticular dermis (Box 83-1).

 2. What are the indications for chemical peeling?
Chemical peeling can be used for photoaging, including actinic keratoses, solar elastosis, solar lentigines, and rhytids; 
pigmentary disturbances, including melasma, postinflammatory pigmentary changes, and other pigmentary dyschromias; 
superficial scarring; acne vulgaris (except ice pick acne, which is best treated with excision); rosacea; and milia.

 3. What agents are most commonly used for chemical peeling? What are the typical 
concentrations?
Phenol and trichloroacetic acid (TCA) are most commonly used. Several formulas that include phenol as the main 
peeling agent have been developed. The Baker formula for phenol is as follows:

 • 3 mL USP phenol (C61-150H) (88%)
 • 2 mL tap water
 • 8 drops liquid soap (Septisol)
 • 3 drops Croton oil

Phenol, a keratocoagulant, denatures and coagulates the surface keratin. Croton oil is a skin irritant that enhances the 
action of phenol. Soap acts as a surfactant to enhance penetration. Water is a diluent that slows down keratocoagulation 
and enhances absorption. TCA strength can be varied depending on the depth desired:

Superficial Wounding (to Stratum Granulosum-Papillary Dermis)
Very light: TCA, 10%–20% (TCA, superficial), resorcinol, Jessner’s solution, salicylic acid, solid CO2, alpha-hydroxy 
acids, tretinoin
Light: TCA, 35%, unoccluded, single or multiple frost

Medium-Depth Wounding (to Upper Reticular Dermis)
Combination CO2 + TCA, 35%–50%, unoccluded, single or multiple frost
Combination Jessner’s solution + TCA, unoccluded, single or multiple frost
Combination glycolic acid 70% + TCA 35%
TCA, 50%, unoccluded (TCA, deep), single frost
Full-strength phenol, 88%, unoccluded
Pyruvic acid

Deep-Depth Wounding (to Midreticular Dermis)
Baker’s phenol, unoccluded
Baker’s phenol, occluded

Box 83-1. Chemical Peeling Wounding Spectrum*

*Depth depends on prepeel skin defatting preparation, wounding agent strength or amount applied, and skin thickness or location. Clinical 
reepithelialization may depend on skin location and the character of the dermal pathology, which may determine the degree of inflammatory 
response evoked.
TCA, Trichloroacetic acid.
From Brody HJ: Chemical Peeling. St. Louis, Mosby, 1992, p 21.



550 ChemiCal Peeling and dermabrasion

 • Light peeling: 10% to 25%
 • Intermediate peeling: 26% to 50%
 • Deep peeling: 51% to 75%

The major advantage of TCA is its versatility. The depth of peeling can be individualized for a particular patient’s needs, 
skin type, and underlying pathology. Several TCA-based, “designer peels” have surfaced over the last several years. For 
instance, the Obagi Blue Peel system is TCA based. (The milder Obagi Nu-Derm system is based on phytic acid.) The 
most common complication of TCA peels is hyperpigmentation.

 4. What does Jessner’s solution contain?
Jessner’s solution contains the following:

 • Ethanol
 • Lactic acid
 • Resorcinol
 • Salicylic acid

 5. How do you choose a particular peeling agent to suit your patient’s skin type?
Fitzpatrick has classified skin into six types based on color and response to sunlight (Table 83-1). Types I to III are 
ideal for peeling of all varieties, but the line of demarcation between peeled and unpeeled skin is most prominent 
in actinically damaged type I skin with marked neck poikiloderma. Red-haired, freckled people should forgo the 
treatment. Type IV skin can be peeled with all peeling agents. If the patient has an eye color other than brown, 
however, the likelihood of postinflammatory pigmentation is reported to be less. Types V and VI also can be peeled with 
all peeling agents, but the risk of unwanted pigmentation is greater. Test spots should be performed at the hairline in 
patients who are at greatest risk (types V and VI), but this test does not guarantee that the remainder of the face will 
respond identically.

 6. Is pretreatment necessary before chemical peeling?
Yes. For patients undergoing TCA peels, tretinoin (Retin-A) and 4% hydroquinone should be used for 4 to 6 weeks 
before treatment. Tretinoin decreases the thickness of the stratum corneum, thereby increasing the permeability of 
the epidermis to chemical peeling. Hydroquinone suppresses melanocyte activity and helps to prevent the tendency 
toward postpeel hyperpigmentation. For patients who cannot tolerate tretinoin, glycolic acid facial creams, used for 4 
to 6 weeks before peeling, have yielded comparable results. Glycolic acid works by decreasing keratinocyte cohesion, 
leading to desquamation.

 7. Is taping necessary during chemical peeling?
The use of occlusive adhesive-type tape after phenol-based solutions has been applied as standard procedure. The 
results are definitely more profound and last longer when tape is used. If a lesser degree of depth of peeling is desired, 
the peel can be performed without tape, using petroleum jelly as the occlusive barrier. In contrast, tape occlusion with 
TCA does not increase penetration.

 8. Can peeling be done simultaneously with surgery?
Peeling solution should not be applied to any areas that have been undermined during a surgical face lift. The only areas 
that can be considered for peeling are those areas around the mouth that have not been surgically altered. Simultaneous 
disruption of the blood supply by undermining and the chemical burn produced by the application of the phenol solution 
are likely to produce irreversible skin changes, perhaps even skin necrosis.

SKIN TYPE COLOR REACTION TO FIRST SUMMER EXPOSURE

I White Always burns, never tans

II White Usually burns, tans with difficulty

III White Sometimes mild burns, tans average

IV Moderate brown Rarely burns, tans with ease

V Dark brown* Very rarely burns, tans very easily

VI Black Never burns, tans very easily

Table 83-1. Fitzpatrick Classification of Sun-Reactive Skin Types

*Asian, Indian, Oriental, Hispanic, or light African descent, for example.
Data from Brody HJ: Chemical Peeling. St. Louis, Mosby, 1992, p 36.
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 9. Which should be done first: facial surgery or facial peeling?
If both procedures are planned, surgery should be performed first and the peeling performed at least 3 months later. If 
the peeling is done first, somewhat more time must elapse before the surgery can be safely performed because of the 
slower healing after peeling. The choice as to which procedure to perform first depends on whether the sagging 
of the face or the lines of the face are the primary concern of the patient.

10. What complications may be encountered after peeling?
Postoperative changes can be classified into two categories.

Category 1 consists of sequelae that are expected as procedural side effects and resolve completely. Examples include 
pigmentary changes, prolonged erythema (<3 months), colloid milia, pustulocystic acne, reactivation of latent facial 
herpes simplex virus infection, and superficial bacterial infection.

Category 2 consists of sequelae that are characteristic of the individual agent, occur regardless of patient setting, may 
be secondary to poor postoperative care, and are considered true complications. True complications include pigmentary 
changes, prolonged erythema (>3 months), hypertrophic scarring, atrophy, and systemic effects such as hepatic, renal, 
or cardiac abnormalities associated with phenol.

Skin depigmentation may occur, and patient selection is important. Patients with multiple freckles and other sun-
induced blotches, as commonly seen in people with red hair, should forgo the treatment. Special care should be taken 
to stop the peel just under the jawline to hide the line of demarcation and to feather, or blend, the edge. Milia, which are 
small, superficial epidermal inclusion cysts, may occur during the first 6 to 8 weeks after treatment. In most instances 
they resolve with vigorous washing and/or scrubbing. Persistent cysts need to be punctured and evacuated.

11. What peeling solution may cause cardiac arrhythmias when it is applied too  
rapidly to too large an area?
Electrocardiographic (ECG) changes, premature atrial or ventricular contractions, bigeminy, and trigeminy may occur 
in patients who absorb large amounts of phenol through the skin. To prevent such problems, patients should be well 
hydrated and under cardiac monitoring, and treatment of large areas at one time should be avoided. Beware of patients 
with renal insufficiency because phenol is cleared by the kidney. TCA is not cardiotoxic. Cardiac arrhythmias have not 
been reported following TCA use.

12. Regeneration of the epidermis and upper dermis occurs via dermal appendages. 
What previous procedures or medications affect the concentration of dermal 
appendages and consequently regeneration?
Laser procedures for hair removal and electrolysis leave the tissue with a reduced number of appendages and therefore 
a limited regenerative capacity. Accutane (isotretinoin), used for treatment of acne vulgaris, inhibits sebaceous gland 
function. Accutane presents a transient risk for reepithelialization problems, and patients should not undergo peeling or 
dermabrasion while taking this medication or for at least 12 months after termination of its use.

13. What histologic changes do chemical peels cause in the skin?
Chemical peels lead to an increase in dermal thickness, elastic tissue, and fibroblast density within the skin. There is a 
decrease in nonlamellar collagen, with the new collagen laid down in a lamellar pattern.

14. Discuss the Glogau classification for photoaging and how treatment strategy 
changes for each group.
The Glogau classification of photoaging divides patients into four groups based on the degree of actinic keratoses, 
wrinkling, and acne scarring and the amount of makeup worn by the patient (Table 83-2). This classification helps to 
assess the degree of sun damage in patients with and those without a history of acne scarring and to make treatment 
decisions.

15. What are alpha-hydroxy acids?
Alpha-hydroxy acids (AHAs), a group of nontoxic organic acids found in natural foods, have been incorporated into a 
variety of creams, lotions, and cleansers for general use. They include glycolic, lactic, malic, tartaric, and citric acids. 
The clinical applications of AHAs have expanded to include their use as alternative chemical peeling agents generally 
used to treat fine wrinkling, areas of dryness, uneven pigmentation, and acne. They can provide patients who can’t 
spare the time to recover from deeper peels with smoother, brighter looking skin. A series of peels may be necessary. 
Glycolic acid is currently the most commonly used AHA. It is frequently applied as a series of peels separated by 
1 to 4 weeks in a 50% to 70% nonneutralized concentration. TCA peels usually have a longer interval between 
applications.
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16. How do glycolic acid peels compare with standard chemical peels?
Many of the risks and complications associated with the other peeling agents are minimized with the use of glycolic 
acid. Virtually every patient is a candidate for glycolic acid peels, including Asians, African Americans, Hispanics, and 
others with deeply pigmented skin. In addition, almost every part of the body can be peeled, including the back, chest, 
arms, and legs.

17. Can the different peeling agents be used in combination?
Yes, different peeling agents can be used simultaneously. In fact, many of today’s popular peels are made up of a 
combination of agents. Typical combinations include TCA and another agent. Some examples include Jessner’s + 35% 
TCA (Monheit); 70% glycolic acid + 35% TCA (Coleman, Futrell); and solid CO2 followed by 35% TCA (Brody). Single-
agent, 50% TCA peels for medium-depth wounding have fallen out of favor because of the high risk of scarring and 
pigmentary changes. It has been replaced with combination peels that include 35% TCA. These combination peels have 
been found to be as effective as 50% TCA alone but have fewer risks. Many new, popular, and well-marketed superficial 
peels contain multiple chemexfoliants as well.

Because of its strength, phenol is generally not combined with other peeling agents, although it often is mixed with 
differing amounts of Septisol or glycerin (liquid soap), croton oil, olive oil, and water, all of which can be altered to 
affect the depth of the peel. Popular formulas have been developed by Baker-Gordon, Venner-Kellson, Hetter, and 
Stone.

18. What is dermabrasion?
Dermabrasion is the surgical process by which the skin is resurfaced by planing or sanding, usually by means of 
a rapidly rotating abrasive tool such as a wire brush, diamond fraise, or serrated wheel. This process removes the 
epidermis and superficial dermis as treatment of a variety of dermatologic conditions.

19. What are the indications for dermabrasion?
Dermabrasion can be used to treat a variety of scars, including traumatic, acne, and surgical scars as well as superficial 
lentigos, actinic keratoses, both decorative and traumatic dermal tattoos, and, most commonly, fine facial wrinkling, 
particularly in the perioral region.

20. How do you know how deep to dermabrade?
The depth of dermabrasion is determined by the surgeon during the treatment itself. The goal is to reach the level of 
the superficial reticular dermis. With dermabrasion of the epidermal layer, you encounter essentially no bleeding and 
a smooth surface. Once at the superficial papillary dermis, sparse, punctate bleeding is seen. The endpoint is reached 
when you encounter confluent bleeding with a coarse background; this is the level of the superficial reticular dermis.

21. How long after dermabrasion does reepithelialization occur?
Reepithelialization typically occurs within 7 to 10 days.

22. Compare the effects of dermabrasion in the perioral area with the effects of phenol.
Because dermabrasion is a mechanical process, the depth of peel is more controllable; thus healing is faster, with 
less discomfort. Erythema following dermabrasion resolves faster than that seen with phenol. For patients with dark 
complexions, dermabrasion has less of a bleaching effect than does phenol.

Table 83-2. Glogau Classification of Photoaging Groups

Group I—Mild (Usually Age 28–35 Years)
No keratoses
Little wrinkling

No acne scarring
Little or no makeup

Group II—Moderate (Usually Age 35–50 Years)
Early actinic keratoses—subtle skin yellowing
Early wrinkling—parallel smile lines

Mild acne scarring
Little makeup

Group III—Advanced (Usually Age 50–65 Years)
Actinic keratoses—obvious skin yellowing with telangiectasia
Wrinkling—present at rest

Moderate acne scarring
Wears makeup always

Group IV—Severe (Usually Age 65–75 Years)
Actinic keratoses and skin cancer have occurred
Wrinkling—much cutis laxa of actinic, gravitational, and 
dynamic origin

Severe acne scarring
Wears makeup that does not cover but cakes 
on

From Brody HJ: Chemical Peeling. St. Louis, Mosby, 1992, p 38.
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23. Should patients undergoing chemical peel or dermabrasion of the perioral area 
receive acyclovir prophylaxis?
Yes. For patients with a history of herpes simplex the use of prophylactic acyclovir (Zovirax) is warranted. Adequate 
prophylactic doses of acyclovir have not been clearly established by a randomized, controlled study. Data suggest that 
800 mg po clinically minimizes postoperative herpes simplex virus infection rates and reduces the severity and duration 
of illness in patients who become infected. Valacyclovir (Valtrex) can be conveniently administered TID for 5 days as 
500 mg po BID for 5 days.

24. What is dermasanding?
Dermasanding is the use of silicone/carbide sandpaper (found at your local hardware store) to abrade the patient’s 
skin. It can be used immediately after medium-depth chemical peels, when further resurfacing is needed. Examples 
include deeper wrinkles (on the lips, temple, and forehead), acne scars, thick epidermal lesions (seborrheic keratoses, 
cutaneous horns, actinic keratoses), and for blending.

25. What is microdermabrasion?
Microdermabrasion is an office-based mechanical resurfacing technique in which a pump generates a high-pressure 
stream of aluminium oxide or salt crystals that pass through a handpiece. The handpiece is passed over the patient’s 
skin (slower and multiple passes or increased pressure against the skin leads to more aggressive abrasion) and a 
vacuum removes the crystals and exfoliated skin. It can be used on the face, neck, chest, and hands. The endpoint of 
treatment is erythema, which resolves within a few hours of treatment. Other “crystal-free” techniques use a wand 
embedded with diamond chips. The skin is pulled to the wand by a vacuum system, and the skin is abraded as the wand 
passes over it. Wands with different-size diamond chips are available, and the vacuum pressure is adjustable, leading 
to a controlled and predictable abrasion of the superficial skin. It can be used safely around the eyes without the risk for 
corneal abrasion by errant crystals seen with standard dermabrasion.

26. What are the indications for microdermabrasion?
Indications for microdermabrasion include patients with superficial skin conditions, such as early photoaging, fine lines, 
and superficial scarring.

27. Compare the effects of microdermabrasion with those of dermabrasion and chemical 
peeling.
Microdermabrasion causes a superficial exfoliation involving only the epidermis. It is not effective for deep wrinkles, 
scars, or ice-pick acne because these lesions extend into the dermis. Pigmentary problems, such as melasma or 
postinflammatory hyperpigmentation, also arise from the dermis and therefore are unaffected by microdermabrasion. 
Patients with skin problems involving the dermis are best treated with dermabrasion or chemical peeling. The advantage 
of microdermabrasion is the very little down time, no need for anesthesia, and virtually no risk of scarring (only 
temporary erythema). However, the superficial nature of the exfoliation limits its effectiveness in deeper skin conditions. 
Microdermabrasion often requires multiple treatments over several weeks to be effective.

28. What histologic skin changes does microdermabrasion cause?
Microdermabrasion causes an increase in epidermal and dermal thickness as well as an increase in organized collagen 
within the dermis.
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Aesthetic LAser surgery

 1. What does the acronym LASER mean?
Light amplification by s timulated emission of radiation. The laser was first theorized by Albert Einstein in 1917. 
However, the technology was not developed until 1960, 43 years following Einstein’s mathematical theories.

 2. What was the predecessor of the laser?
The maser (microwave amplification by stimulated emission of radiation). The maser was born from the early radar 
systems from World War II and developed independently by Charles Townes and Nilolai Basov. However, the maser could 
not sustain the energy level possible for utilizing light emission, and the research faded.

 3. Who invented the laser?
Theodore Maiman is credited with producing the first laser, a ruby laser, in 1960.

 4. What is the visible spectrum of light?
Wavelength from 385 to 785 nm on the electromagnetic spectrum.

 5. How is laser light different from other forms of light?
Laser light is different from ordinary light (e.g., flashlight) in that it is much more organized, being monochromatic, 
collimated, and coherent. All light from a laser is monochromatic because it originates from a common source and 
exhibits the same wavelength or color. Additionally, the laser light travels in a nondivergent, parallel fashion called a 
collimated beam. Laser light is coherent in that it travels synchronously (space and time) in parallel for a great distance.

 6. What is power density and fluence?
Power density is the units of energy delivered to the tissue and is measured in watts per square centimeter (W/cm2). 
Fluence is the power density delivered over a specific period of time and is measured in joules per square centimeter 
(J/cm2).

 7. Define pulse width, wavelength, and spot size. What do these have in common?
All of these qualities of a laser affect the penetration of the laser into the skin. Pulse width is the duration of exposure 
of the tissue to the laser. The longer the pulse width of an ablative laser, the deeper the ablation. Wavelength is the 
distance between the peaks of the wave and is specific to the lased medium. The longer the wavelength the deeper, 
the penetration into the skin. Spot size is the area over which the focused laser is distributed and is reported in square 
centimeters (cm2). The larger the spot size, the greater the penetration because of less scatter of the beam.

 8. How does the laser interact with the skin?
Laser light can be reflected, transmitted, or absorbed. The specific targets or chromophores absorb the laser light and 
convert it into thermal energy, creating the desired clinical effect.

 9. What is selective photothermolysis and thermal relaxation time? Why are these 
concepts important in aesthetic laser surgery?
Selective photothermolysis is a concept that was introduced by Anderson in 1983 and is the selective heating of a 
chromophore that absorbs a specific wavelength of laser light. The selective heating destroys the cells containing the 
laser target without damaging surrounding cells, which do not contain the specific target of the laser. This is possible if 
the thermal relaxation time is longer than the duration of the laser pulse.

Thermal relaxation time is the time needed for the target tissue to cool by 50% of its peak temperature following laser 
pulse exposure. In other words, when you heat a cell and it cools quicker than the delivered pulse, the energy spills to 
surrounding cells and causes unwanted collateral damage. A longer thermal relaxation time decreases the chance of 
collateral damage.
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 10. What is the difference between an ablative and a nonablative laser?
An ablative laser causes epidermal vaporization to create its intended effect of collagen remodeling within the dermis. 
Carbon dioxide and erbium:yttrium-aluminum-garnet (YAG) are two examples of ablative lasers.

A nonablative laser selectively injures the dermis but protects the epidermis by cooling during treatment. A 
nonablative laser emits a coherent beam, like ablative lasers, in wavelengths from 1320 to 1550 nm. Although the 
thermally injured dermis produces neocollagen, the aesthetic results and predictability are generally less than 
with ablative lasers.

 11. What are the wavelengths of lasers commonly used in plastic surgery?
 • 585 nm: Pulsed dye
 • 694 nm: Q-switched ruby
 • 755 nm: Alexandrite
 • 1064/532 nm: Q-switched neodymium (Nd):YAG
 • 2940 nm: Erbium
 • 10,600 nm: Carbon dioxide

 12. What is the laser of choice for a port-wine stain?
The 585-nm pulsed-dye laser specifically targets oxyhemoglobin and is the laser of choice for this particular lesion.

 13. What is the mechanism of action of the Q-switched Nd:YAG laser?
The laser causes selective fragmentation of the intracellular targeted pigments, which then are cleared by 
phagocytosis.

 14. What does Q switched mean, and why is it important?
The “quality” (Q) switch allows the skin to be exposed to the laser for 20 to 50 nanoseconds. This short exposure time 
enables delivery of very high energy with a short pulse duration well below the thermal relaxation time minimizing 
collateral tissue damage.

 15. What is the Fitzpatrick classification, and why is it important in laser surgery?
Pigmentary changes following resurfacing is one of the most common complications after resurfacing in all Fitzgerald 
classes; however, it is more common in the darker skin types, Fitzpatrick types IV to VI (Table 84-1).

 16. How is the carbon dioxide laser used in aesthetic surgery?
The CO2 laser selectively targets intracellular water in the near-infrared region at 10,600 nm. The laser heats its 
target instantaneously to greater than 100°C causing vaporization of the target cell and denaturation of extracellular 
proteins. This ablative laser removes the entire epidermis and partial layers of the dermis, depending on the energy 
delivered. Heat-induced collagen shrinking produced by the laser results in smoother skin and ablation of unwanted 
fine rhytids.

Carbon dioxide resurfacing for facial rhytids has not been matched by other laser technology; however, the pigmentary 
changes, erythema, edema, and other complications create significant down time for the patient. These deficiencies 
have driven the development of alternative resurfacing modalities.

A new CO2 resurfacing modality called the CO2 Lyte ActiveFX peel has been introduced that obviates many of the 
deficiencies of traditional CO2 laser resurfacing. The new modified scanning device, called the computerized pattern 
generator (CPG), places the scanned laser pattern in a randomized pattern with individual skip areas, different from 
previous scanning patterns in which individual CO2 beams were placed adjacent to each other. As a result, with 

Table 84-1. Fitzpatrick Classification

TYPE SKIN COLOR REACTION TO FIRST YEARLY SUN EXPOSURE

I Very white or freckled Always burns, never tans

II White Usually burns, tans with difficulty

III White to olive Sometimes burns, usually tans

IV Brown Rarely burns, tans with ease

V Dark brown Very rarely burns, tans very easily

VI Black Never burns
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randomization of individual treatment zones and intermixed nontreated areas, thermal injury is reduced significantly. 
Recovery time is 3 to 5 days, and no erythema occurs after the 3- to 5-day recovery. Power of the laser is also reduced 
so that a 70-micron, fractionated skin injury is produced, allowing adjacent untreated skin to speed healing. Unlike the 
case with use of the Fraxel laser, microablation is produced, so physical removal of photodamaged superficial epidermis 
occurs as well as thermally induced collagen remodeling. Impressive wrinkle removal and skin tightening is seen after 
one to two treatments under topical anesthesia.

 17. What is the erbium:YAG laser?
The erbium:YAG laser is a 2940-nm ablative laser that targets intracellular water like the CO2 laser does; however, 
its affinity for intracellular water is 10 times greater than that of carbon dioxide laser. This greater affinity allows for 
a cleaner target cell ablation with less thermal collateral cell damage. Collagen shrinking is reduced with the erbium, 
resulting in decreased effect on rhytids. Yet the erythema and complications are greatly diminished compared with the 
CO2 laser due to the decreased collateral thermal necrosis.

The zone of thermal necrosis can be modified from 20-micron to 200-micron ablation based on the pulse width chosen. 
Even with variable pulse widths the side-effect profile and recovery period are still more favorable than with CO2 
resurfacing.

Care must be taken with the erbium laser because the cellular char that is present after CO2 resurfacing is not present 
with the erbium. The char layer can limit the depth of further dermal ablation due to the decreased water content in this 
layer. However, the erbium laser affinity for water is so great and the ablation so clean that deeper ablation is possible 
without the visible warning provided by the CO2 laser.

 18. A patient comes to your office 3 to 6 days after a 120-micron erbium laser facial 
resurfacing with a perioral, malodorous, pruritic, yellow crusting. The skin has a 
“beefy red” appearance. What is your diagnosis and treatment?
The diagnosis is a postoperative fungal infection, most commonly Candida. It should be treated with oral Diflucan  
100 mg twice daily for 7 days. Frequent postoperative visits are recommended to verify resolution and provide patient 
reassurances.

 19. What is a fractional photothermolysis?
First reported in 2005, the theory of fractional photothermolysis is use of a specifically designed nonablative laser 
array, targeting intracellular water, to create collimated dermal injury at varying depths between 0 to 550 microns. The 
columns of thermal damage created were elliptical in shape and 10 to 150 microns in diameter. These small areas of 
thermally injured dermis, termed microscopic treatment zones, are surrounded by uninjured dermal columns 125 to 500 
microns away.

The unaffected stratum corneum serves as a biologic dressing, and the treatment columns heal at 24 hours. Some 
believe that the failure of nonablative treatments to provide significant exfoliation is a limitation in the attempt 
to remove wrinkles and photodamaged epidermis, holding to the belief that epidermal surface irregularity is an 
important component of the wrinkle that must be removed for effective wrinkle reduction The Food and Drug 
Administration (FDA) has approved the Fraxel laser for treatment of pigmented lesions, melasma, skin resurfacing, 
and fine rhytids. The best clinical results have been seen in patients with melasma and fine acne scarring. To date, 
wrinkle removal has been disappointing. Prolonged postinflammatory hyperpigmentation is common in skin types 
IV to VI.

 20. How do lasers remove hair?
The laser selectively targets the melanin in the hair bulb, destroying the hair follicle at the root.

 21. Will laser hair removal remove all hair in one treatment?
No. Hair must be in the anagen (growth phase) for the laser to be effective. At any given time only approximately 85% of 
hair is in the anagen phase; the remaining 15% is in the telogen (resting) phase and is unaffected by the laser. Typically 
three to 10 treatments spaced 4 to 6 weeks apart are necessary.

 22. Why is laser hair removal most successful in the winter?
Optimal response to hair removal is seen in Fitzpatrick skin types I to III due to the greater melanin concentration 
in the hair bulb compared to the surrounding skin. In patients who tan during the summer, the increased melanin 
concentration in the surrounding skin decreases the ability to selectively destroy the hair follicle. Therefore winter 
treatment of Fitzpatrick I to III skin types may result in greater selective hair removal with diminished collateral 
damage.
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 23. What is intense pulsed light?
Intense pulsed light (IPL) differs from laser light in that it is a polychromatic, noncoherent light covering a broad 
spectrum from 510 to 1200 nm. It is used in the treatment of sun damage, telangiectasias, and rosacea and in hair 
reduction. It is considered a nonablative laser and typically takes four to six treatments to achieve optimal therapeutic 
effects. The most common side effect is redness, which usually lasts fewer than 4 days. Because of the large treatment 
spot size (2 to 3 cm2), advanced cooling methods, rapidity of treatment, and minimal collateral tissue injury (thus 
minimal down time), IPL has become the preferred treatment of rosacea, facial telangiectasias, and pigment on the 
face, chest, and hands. Whole face, chest, and hand treatments for the pigmentary and vascular photoaging changes 
on the face and chest are very effective with minimal down time and are called photofacial treatments. Results can be 
significantly enhanced by application of the photosensitizer Levulan.

 24. What perioperative precautions should be taken in a patient who is to undergo laser 
resurfacing and has a history of oral herpes infection?
All patients should receive Valtrex 500 mg twice daily beginning 1 day before laser treatment and for 7 days 
posttreatment. An active herpes infection is an absolute contraindication to facial laser resurfacing.

 25. What happens when patients are pretreated with botulinum toxin prior to laser 
resurfacing?
These modalities of nonoperative facial rejuvenation are often used in concert. The literature suggests that 
chemodenervation with botulinum toxin type A for 1 week prior to laser resurfacing on movement-associated 
rhytids may improve results. However, the inflammatory phase following resurfacing may hasten receptor 
recovery from the chemodenervated areas. Botox maintenance after resurfacing is recommended for optimal 
results.

 26. What medication can be applied before laser surgery to improve pain?
EMLA cream is an emulsion of the amide esters lidocaine 2.5% and prilocaine 2.5% in a 1:1 ratio. These mixtures 
provide analgesia to the epidermis and dermis. Duration of application and total surface area applied affect the systemic 
absorption of the drugs. EMLA should be placed under an occlusive dressing for approximately 1 hour to achieve 
adequate effect and should persist for 1 to 2 hours after removal.

For adults undergoing a facial procedure, the typical dose is 2 g applied over 10 cm2 for 1 to 2 hours. The maximum 
recommended dose is 20 g applied over 200 cm2 for a duration of 4 hours.

Complications of EMLA application can range from local erythema, blistering, and itching to anaphylactic reactions. 
Systemic signs include seizures, respiratory depression, and cardiac arrest.

 27. What are the contraindications to facial laser resurfacing?
The following are considered relative or absolute contraindications to facial laser resurfacing: active oral herpes infection 
or other facial infection, recent Accutane use, history of abnormal scarring, active smoker, excessive lower lid laxity, 
collagen disorders, or unrealistic patient expectations.

 28. How long before reepithelialization occurs after facial resurfacing?
Following resurfacing with either the CO2 or erbium:YAG laser, the epidermis is largely or completely removed, and, in 
some instances, the papillary dermis is removed. On average, reepithelialization following CO2 laser is 8.5 days and after 
erbium:YAG resurfacing is only 5.5 days.

 29. What are the side effects and complications following laser resurfacing?
Erythema following CO2 laser is most intense in the first month following resurfacing and can last up to 6 months. 
Erythema following erbium:YAG usually dissipates after the first 7 to 10 days. Makeup can be used to cover erythematic 
after 1 week.

Edema is common during the first 4 days following resurfacing and can be effectively controlled with head 
elevation and ice packs. Pruritus is another common sequela that can be treated with corticosteroids and 
antihistamines.

Acne flares are commonly caused by the occlusive dressings or ointments applied after the procedure. Patients with 
a significant history of severe acne are at higher risk for developing an acne flare following resurfacing. Treatment is 
conservative, and acne usually resolves once the ointment or dressing is discontinued.
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 30. What are common topical treatments recommended or prescribed prior to resurfacing?
All patients should use sunscreen at least 4 to 6 weeks prior to resurfacing and continue using sunscreen for at least 
6 weeks postoperative. Exposure to ultraviolet light increases stimulation of melanocytes and increases the chance of 
pigmentary changes following laser resurfacing. Limiting sun exposure and use of sunscreen can decrease the chance 
of hyperpigmentation and extend the results of laser resurfacing.

Some physicians pretreat patients with Retin-A and hydroquinone to reduce pigmentary alterations following laser 
treatment. Hydroquinone causes reversible depigmentation of the skin by inhibiting melanocyte metabolic activity. 
It should not be used during pregnancy. Retin-A or tretinoin is a retinoid that promotes exfoliation of the skin and 
neocollagen formation.

 31. Facial resurfacing should be avoided in patients taking what medication?
Accutane or isotretinoin destroys the adnexal structures, which are necessary to provide the epithelial cells for 
reepithelialization of the skin. Laser resurfacing should not be performed within 1 year of Accutane use.

 32. What postoperative dressing is available following laser resurfacing?
The two basic treatment modalities are the open technique and the closed technique. Each has potential benefits 
and drawbacks, and many surgeons now incorporate a combined modality in an attempt to capture the benefits of both 
techniques.

The open technique is generally more commonly used because it is simple, is inexpensive, and has decreased chance 
of postoperative infection. The first 3 to 4 days of this treatment involves continuous application of soaking with wet 
sponges dipped in a solution of 3 tablespoons of white vinegar per cup of distilled water. Laser wounds produce 
prodigious amounts of exudates, and the patient is instructed to wipe away the exudates every hour with a sponge. 
If crusts form during the first few days the chance of yeast or bacterial infection is greater. The wounds must be kept 
pink, clean, and free of exudates. Three to four times a day, a very fine layer of a healing ointment such as Aquaphor, 
Gentle Healing Ointment, BioBalm, or plain petroleum can be applied for comfort, especially when the patient begins 
to feel skin tightening. Additionally, frequent application of ice gauze or ice packs is necessary to reduce edema. The 
advantages of this technique are decreased rate of infection and the relative ease of monitoring the wound. However, 
the disadvantage is that the postoperative pain can be more intense with the open technique. This technique has 
become more popular with the increased use of the erbium:YAG laser, which inherently is associated with less pain and 
fewer infections than the CO

2 laser.

The closed technique uses semiocclusive biosynthetic dressings such as Biobrane and Flexan for approximately 5 
days postoperative. These dressings are applied immediately postoperative and generally remain in place until they 
are removed. This technique has the advantage of decreased pain and minimal patient responsibility, and it may speed 
reepithelialization. The disadvantages are its expense, the inability to monitor the wound, and the higher incidence of 
infection. Staphylococcus aureus, Pseudomonas aeruginosa, and Candida are the most common pathogens isolated.

 33. What are the safety issues related to the laser plume?
Thermal destruction of tissue creates a smoke plume that may contain toxic gases such as benzene, formaldehyde, and 
hydrogen cyanide. Additionally, cellular materials and viruses can be transported in the plume.

During any laser procedure, a laser protective mask (0.1 micron) should be used to prevent inhalation of particulate 
matter. Additionally, smoke evacuators should be used and maintained near the origin of the plume. Use of a high-
efficiency particulate air (HEPA) filter is recommended to trap gases and particulate matter.

 34. What precautions should be taken in the operating room where a laser procedure is 
being performed?
A sign should be displayed at all entrances indicating a laser procedure is in progress. Protective eyewear should be 
kept on the door in case entry by other personnel is required. Eye injury is the most common reported laser accident, 
representing almost 70% of injuries. Laser-specific eyewear with appropriate wavelength and optical density should be 
worn by all health care workers.

Fire is a dreaded but real entity and should be taken seriously by the operative team. Preventative measures include 
moist sponges, wet towels, laser-safe endotracheal tubing, and careful inventory of flammable or combustible agents.

 35. Summarize the types of lasers commonly used in plastic surgery.
See Table 84-2.
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LASER WAVELENGTH (nm) TARGET/MECHANISM USES/BENEFITS DRAWBACKS

Pulsed dye 595 Oxyhemoglobin
Red, yellow, orange pigments/
selective fragmentation and 
phagocytosis

Port-wine stains
Vascular lesions
Scars

Can be painful
Posttreatment bruising
Multiple treatments necessary for 
effect

Q-switched ruby 694 Melanin—rupture of cells
Black, blue, violet pigments/
selective fragmentation and 
phagocytosis

Very effective on dark pigments
Nevus of Ota
Road rash
Hair reduction
Minimal collateral thermal injury

Not effective on red or yellow 
pigments
May cause breaks in the skin

Q-switched Nd:YAG 
(neodymium:yttrium-
aluminum-garnet)

532 + 1064 Red, brown, orange pigments/
selective fragmentation and 
phagocytosis

Wider spectrum of uses
Pigmented lesions
Hair reduction
Superior red pigment removal (532)

Not effective on darker pigments

Alexandrite 755 Melanin
Green and black pigments

Tattoos
Hair reduction

Not effective on red pigments

Intense pulsed light (IPL) 510–1200 Sun damage (pigmented lesions)
Telangiectasias
Rosacea
Hair reduction
Simple and easy to use, no sedation 
necessary
Nonablative, minimal complications

Nonselective
Multiple treatments necessary for 
effect

Erbium 2940 Water Skin resurfacing
One pass yields 10–30 µm of 
ablation
Affinity for H2O is 10× that of CO2 
laser
Minimal collateral damage

No visual endpoint to ablation
No limit to ablative depth
Less collagen remodeling
Ablative

Carbon dioxide (CO2) 10,600 Water Skin resurfacing
One pass yields 150–200 µm of 
ablation
Immediate collagen tightening
Increased neocollagen formation
Visual color change highlights 
endpoint
Dermis devoid of H2O prevents 
further ablation

Increased collateral tissue damage
Increased pigmentary alterations
Increased postoperative erythema
Ablative
Sedation required

Table 84-2. Lasers in Plastic Surgery
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Endoscopic surgEry

 1. Who is credited with the birth of modern endoscopy?
Bozzini, in 1807, first used an apparatus to illuminate internal body cavities and redirect the light to his eye. He was 
censured by the Medical Faculty of Vienna for “undue curiosity” after reporting the use of his device to inspect the inside 
of a woman’s urethra.

 2. What technologic advances enabled the rapid proliferation of endoscopic techniques 
in surgery?
 • Creating an Optical Cavity: Techniques such as insufflating the abdominal cavity with nonflammable gas (e.g., CO2), 
filling synovial spaces with saline, and use of specialized retractors and sleeves for soft tissue endoscopy allow 
enlargement of the workspace for endoscopic procedures.

 • Electrocoagulation: The earlier uses of high-frequency currents produced destructive temperatures and were 
hazardous with insufflated oxygen in closed body cavities. The modern use of monopolar and bipolar electrocautery 
with nonflammable gases allows hemostasis with much lower temperatures.

 • Light Source: With the advent of fiberoptics and “cold light” (heat shield placed around the bulb) consisting of 
an incandescent tungsten element in iodine, halogen, or xenon vapor, abundant light with minimal heat can be 
transmitted to the surgical cavity.

 • Imaging: Coherent bundling of glass fibers, the Hopkins rod-lens system scope, solid-state chip sensor video 
cameras, of which the charged coupled device (CCD; Fig. 85-1) is the most common, and high-resolution video 
monitors allow mainstream use of endoscopy in surgery.

 3. What is the Hopkins rod endoscope?
Named for the British physicist who introduced it, the Hopkins rod greatly improved the optics of endoscopy by using a 
glass rod with interspersed air spaces rather than the traditional tube of air with interspersed glass lenses (Fig. 85-2).

 4. How is endoscopic surgery different in plastic surgery compared with other 
specialties?
Most endoscopic procedures in other specialties are performed in naturally occurring, readily accessible body cavities, such 
as the abdominal, thoracic, synovial, and sinus cavities, or in hollow organs, such as the gastrointestinal tract and urinary 
bladder. In plastic surgery, most endoscopic procedures are performed in surgically created soft tissue planes, which required 
the development of specialized instrumentation. Lack of natural cavities and incompatibility with existing instrumentation are 
the main reasons why endoscopic techniques for plastic surgery were developed much later than in other specialties.

 5. Which procedures in plastic surgery are commonly performed endoscopically?
The endoscopic forehead, or brow, lift has gained widespread popularity. It has been shown to be safe and effective 
over time. Endoscopic techniques for harvesting of certain flaps (muscle, jejunum, and omentum), removal of benign 

CCD Chip
Coupler

Image bit
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Figure 85-1. Charged coupled device (CCD).
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subcutaneous tumors, carpal tunnel release, placement of tissue expanders, and rejuvenation of the face and neck 
have become common. Breast procedures for augmentation, implant inspection, gynecomastia correction, mammary 
hypertrophy, and ptosis are performed endoscopically in select patients.

Less commonly performed procedures include reduction and fixation of facial fractures, tendon and nerve harvesting, 
and strip craniectomies and limited cranial vault expansion for craniosynostosis.

 6. What are the advantages and disadvantages of endoscopic transaxillary breast 
augmentation?
The advantages of using the endoscope for transaxillary breast augmentation are optimum visualization of the dissection 
pocket, which allows more precise implant placement, and identification of the medial branches of the intercostal 
nerves, which better preserves skin sensation. Avoidance of scars on the breast is the main advantage of the blunt or 
endoscopic transaxillary procedure. Disadvantages include possible injury to the sensory nerves of the arm and forearm, 
transient axillary bands, and difficulty with revisions due to the distant access point.

 7. Which muscles are responsible for forehead animation?
The frontalis, corrugator supercilii, depressor supercilii, procerus, and orbicularis oculi. Over time, repeated contractions 
of these muscles lead to prominent wrinkle lines perpendicular to the axis of the muscle. Transverse forehead creases 
are associated with activity of the frontalis, glabellar frown lines with the orbicularis, corrugator supercilii, and depressor 
supercilii, and horizontal creases at the root of the nose with the procerus.

 8. The locations of which nerves are important during an endoscopic forehead lift?
The frontal (or temporal) branch of the facial nerve is a motor nerve that innervates the frontalis and portions of the 
orbicularis oculi, corrugator supercilii, and procerus muscles. It traverses the superficial fat pad above the superficial 
temporal fascia toward the lateral brow.

The supraorbital and supratrochlear nerves are sensory branches of the ophthalmic division of the trigeminal nerve. The 
supraorbital nerve exits the superior orbit adjacent to the periosteum, travels superiorly penetrating the frontalis muscle, 
and continues at the subcutaneous level to provide sensory innervation to the forehead and scalp. The supratrochlear 
nerve exits the orbit medial to the supraorbital nerve and courses through the glabellar muscles to its subcutaneous 
location in the scalp.

 9. What are the important components of an endoscopic forehead lift?
Although there are numerous variations in technique, a few principles are fairly constant.
 • Dissection: Optical cavity is created with specialized instrumentation in the subgaleal or subperiosteal plane.
 • Soft Tissue Modification: Brow depressor muscles in the glabellar region are wholly or partially resected, and the 
periosteum is released near or just above the supraorbital rim (Fig. 85-3).

 • Fixation: Numerous techniques using both absorbable and permanent sutures, screws, and similar devices are used 
for both bony and soft tissue fixation of the mobilized brow.

 10. Who is the ideal candidate for endoscopic facial rejuvenation?
The ideal candidate is one in whom soft tissue repositioning is desired without the need for skin excision. As with 
the forehead lift, in cases with severe dermatochalasia requiring excision of excess skin, the open approach is indicated. 
With minimal to moderate dermatochalasia, endoscopic soft tissue repositioning is often complemented with dermal 
planing or a tightening procedure such as laser resurfacing, chemical peeling, or dermabrasion.

Air Glass

Figure 85-2. Hopkins rod endoscope (bottom) compared with the traditional glass rod endoscope (top).
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11. What are the advantages and disadvantages of endoscopic surgery versus the 
traditional or open approach?
Advantages: When there is no excess skin to excise, endoscopic techniques allow for small, remote incisions with 
magnification and illumination of the operative field. Patients often have a quicker recovery with less morbidity than with 
open techniques. Teaching is enhanced with the use of multiple high-resolution monitors that allow many to view the 
procedure simultaneously.

Disadvantages: Equipment costs and a learning curve are associated with developing proficient skills in endoscopic 
procedures. Critics cite the loss of stereoscopic viewing and tactile sensory information with endoscopic surgery.

BiBliography

Baker TJ, Gordon HL, Stuzin JM: Surgical Rejuvenation of the Face. St. Louis, Mosby, 1996, pp 531–541.
Core GB: 10-year experience with endoscopic breast augmentation: P67. Plast Reconstr Surg 116(Suppl):205–207, 2005.
Gardner PM: Endoscopic Breast Augmentation. McCullough Aesthetic Surgery Symposium. Birmingham, Alabama, May 1998.
Isse NG: Endoscopic facial rejuvenation and remodeling. In Greer SE, Benhaim P, Lorenz HP, Chang J, Hedrick MH (eds): Handbook of Plastic 

Surgery. New York, Marcel Dekker, 2004.
Potter JK, Janis JE, Clark CP III: Blepharoplasty and browlift. Select Read Plast Surg 10, 2005.
Price CI: Equipment and instrumentation. In Ramirez OM, Daniel RK (eds): Endoscopic Plastic Surgery. New York, Springer-Verlag, 1996, 

pp 10–15.
Ramirez OM, Eshbaugh WG: Endoscopic surgery. In Weinzweig J (ed): Plastic Surgery Secrets. Philadelphia, Hanley & Belfus, 1999, 

pp 329–331.
Rosenberg PH, Cooperman A: A chronology of endoscopic surgery and development of modern techniques and instrumentation. In Ramirez 

OM, Daniel RK (eds): Endoscopic Plastic Surgery. New York, Springer-Verlag, 1996, pp 3–15.
Young RV, Bindrup TR: Transaxillary submuscular breast augmentation and subcutaneous fibrous bands. Plast Reconstr Surg 99:257, 1997.

Supraorbital

Supratrochlear

Supraorbital Periosteal Release

Elevator
matches shape of

orbital rim

Figure 85-3. Release of the periosteum 
using specialized instruments.



Ch
ap

te
r

86

564

Michael J. Yaremchuk, MD, FACS

AugmentAtion of the fAciAl Skeleton

 1. Why is most augmentation of the facial skeleton done with alloplastic implants 
instead of autogenous bone?
Unlike alloplastic materials, autogenous bone has the potential to be revascularized and then assimilated into the facial 
skeleton. In time, it could be biologically indistinguishable from the adjacent native skeleton. These attributes make 
it ideal and the only material available to reliably reconstruct segmental load-bearing defects of the facial skeleton. 
However, when used as an onlay graft to augment the contours of the facial skeleton, revascularization provides access 
for osteoclastic activity, graft resorption, and hence unreliable augmentation. Use of autogenous bone also requires 
a donor site, which may be unsightly or painful. Finally, use of autogenous bone as an implant material is more time 
consuming and therefore more expensive. Alloplastic implants do not change their shape with time and do not require a 
donor site.

 2. How does an implant’s surface characteristics affect the host’s response to the 
implant?
The host responds to an alloplastic implant by forming a fibrous capsule around the implant. This is the body’s 
way of isolating the implant from the host. The implant’s surface characteristics impact the nature of this process. 
Smooth implants (e.g., solid silicone) result in the formation of thick, smooth-walled capsules. Porous implants (e.g., 
polytetrafluoroethylene [Gore-Tex], porous polyethylene [Medpor]) allow varying degrees of soft tissue ingrowth, which 
results in a less dense capsule.

Animal studies have demonstrated that implant pore sizes greater than 100 microns encourage tissue ingrowth. 
Pore sizes less than 100 microns limit tissue ingrowth, whereas materials with large pore sizes (>300 microns) have 
drawbacks associated with material breakdown. Clinical observation has shown that porous implants, as a result of 
fibrous tissue ingrowth, have less tendency to erode underlying bone, to migrate due to soft tissue mechanical forces, 
and, perhaps, to be less susceptible to infection when challenged with inoculums of bacteria.

 3. What alloplastic implant materials are most commonly used to augment  
the facial skeleton?
 • Silicone rubber, polytetrafluoroethylene
 • Porous polyethylene (Medpor, Porex, Fairborn, GA)
 • Polymethylmethacrylate (polyhydroxyethyl methacrylate HTR [hard tissue replacement], Walter Lorenz Surgical,  
Inc., Jacksonville, FL)

Silicone rubber is the material most commonly used. Silicone has the following advantages: it can be sterilized by 
steam or irradiation, it can be carved with either scissors or a scalpel, and it can be stabilized with a screw or a suture. 
Because it is smooth, it can be removed quite easily. Disadvantages include the tendency to cause resorption of bone 
underlying it, the potential to migrate if not fixed, and the potential for its fibrous capsule to be visible when placed 
under a thin soft tissue cover.

Polytetrafluoroethylene has a nonadherent surface that is very flexible. Implants are available for both subdermal and 
subperiosteal placement. Preformed implants are made with a pore size between 10 and 30 microns, which allows for 
some soft tissue ingrowth. However, it is smooth enough to be maneuvered easily through soft tissues. This material can 
be fixed to underlying structures with sutures or screws.

Medpor is firmer than polytetrafluoroethylene and has a porosity between 125 and 250 microns, which allows more 
extensive fibrous tissue ingrowth than does polytetrafluoroethylene. The advantages of porous polyethylene include 
its tendency to allow extensive soft tissue ingrowth, thereby lessening its tendency to migrate and to erode underlying 
bone. Its firm consistency allows it to be easily fixed with screws and contoured with a scalpel or power equipment 
without fragmenting. However, its porosity causes soft tissue to adhere to it, making placement more difficult and 
requiring larger pockets to be made than with smoother implants. The soft tissue ingrowth also makes implant removal 
more difficult than with smooth surface implants. HTR is porous, allowing some tissue ingrowth, but is inflexible.
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 4. What areas of the face are most often augmented with implants?
The chin and cheekbones are the most common sites for alloplastic skeletal augmentation. Chin implants are the most 
frequently used alloplastic implants in facial aesthetic surgery. Malar implants are the second most frequently used 
alloplastic implant. Implants are available to augment all areas of the facial skeleton, including the orbital rims, the 
pyriform aperture, and the mandible (Fig. 86-1).

 5. What surgical approaches are used for placement of malar implants?
Malar implants are placed through both extraoral and intraoral approaches. Extraoral approaches may use eyelid, 
preauricular, or transcoronal incisions. Eyelid approaches are used by some when malar augmentation is combined with 
lower lid blepharoplasty. This approach allows excellent visualization of the zygoma and precise implant placement. 
However, lid malposition is not an uncommon sequela due to lid scarring and implant-induced capsular contracture. 
The preauricular approach can be used when malar augmentation is combined with a face lift. Transcoronal placement 
of malar implants can be used when malar augmentation is combined with forehead lift or subperiosteal face lift.

The intraoral approach is preferred by most surgeons. Although this approach risks bacterial contamination of the 
implant by organisms from the mouth, infection rates are low. Advantages of the intraoral approach include excellent 
visualization, ease and rapidity of placement, and no visible scar.

 6. What is the most common complication after placement of a malar implant?
Malposition is the most common complication after malar implant surgery. This may result from inadequate exposure of 
the area to be augmented or failure to immobilize the implant. Sensory changes due to impingement of the implant on 
the infraorbital nerve are not uncommon.

 7. What are the advantages of wide subperiosteal exposure of the skeletal area to be 
augmented?
Alloplastic implants used to augment the contours of the facial skeleton are placed in the subperiosteal plane. Wide 
subperiosteal exposure of the area to be augmented has several advantages. It allows accurate identification of the area to be 
augmented; of important adjacent structures, such as the infraorbital nerve, thereby preventing their iatrogenic damage; and of 
landmarks for orientation and, hence, symmetric implant positioning. Wide exposure also allows easy access for immobilization 
of the implant by sutures or screws. The resultant soft tissue mobilization allows tension-free closure of the access 
incision. Implants placed in large subperiosteal pockets must be immobilized to prevent their postoperative movement.

Figure 86-1. Areas of the facial skeleton augmented with alloplastic implants.
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This technique differs significantly from the traditional approach in which dissection of only the area to be augmented 
was advocated. The resultant small pocket was intended to prevent postoperative implant migration. A limited dissection 
is possible for placement of smooth surfaced implants but is not possible for placement of porous implants to which soft 
tissues tend to adhere (e.g., Velcro), making placement difficult.

 8. Why should I consider fixing an implant to the skeleton with a screw?
Screw fixation of the implant to the skeleton provides both practical and theoretical advantages. Screw fixation 
prevents movement of the implant, which adds precision as well as early and late predictability to the result. 
Theoretically, elimination of implant motion should hasten fibrous incorporation while minimizing capsule formation 
and underlying bone resorption. By applying the implant to the skeleton, screw fixation eliminates any gaps between 
the implant and the recipient bed. Gaps are potential sites for hematoma or seroma accumulation. Gaps also result in 
an effective increase in augmentation. For example, a 2-mm gap between the posterior surface of a 5–mm implant 
would produce an augmentation equivalent to a 7-mm implant whose posterior surface was applied directly to the 
anterior surface of the skeleton. Screw immobilization of the implant allows in-place contouring of the implant at 
the recipient site. This final adjustment can be performed with a scalpel, rasp, or high-speed burr, depending on the 
material properties of the implant.

 9. What is considered an ideal chin projection relative to the lips?
Suggested ideal relationships between the chin and the lips based on normative cephalometric data by different 
authors are in consensus that the chin shoulder should rest slightly posterior to the lower lip and the lower lip posterior 
to the upper lip.

 10. How does the inclination of the labiomental angle impact chin augmentation?
The inclination of the labiomental angle must be evaluated when considering an increase in the sagittal projection of the 
chin. There is a considerable variability in this inclination. In general, the inclination is more acute in men (113° ± 21°) 
than it is in women (121° ± 14°). When the angle is already acute, chin augmentation will make it more acute, thereby 
deepening the labiomental angle. Such deepening usually is dysesthetic. In certain patients with retrognathia the upper 
central incisors abut on the lower lip, thrusting it forward and creating a deep sulcus. These patients are better served 
with repositioning of the entire mandible by sagittal split osteotomy.

 11. What is the soft tissue response to augmentation of the chin?
Objective analyses showed that the soft tissue to hard tissue changes in patients undergoing alloplastic 
augmentation of the chin averaged between 77.7% and 90%. Variations in the soft tissue response would be 
anticipated because of the variability in the thickness of the chin soft tissue envelope. The thicker the overlying soft 
tissue envelope, the less its surface response to the underlying skeletal augmentation. The thickness in the soft 
tissue envelope overlying the chin varies within the individual and between individuals for any given area, and it 
usually is thicker in males than in females.

 12. What muscle is most frequently injured during chin implant surgery?
The mentalis is the most frequently damaged muscle during chin surgery, usually associated with the intraoral approach 
for implant placement. The mentalis muscle is an elevator of the central lower lip. It arises from the mandible at the level 
of the root of the lower lateral incisor and therefore defines the inferior limits of the sulcus intraorally. It fans inferiorly 
as a truncated cone whose base inserts on the skin and therefore dimples the skin when elevating and protruding the 
lower lip. If it is divided and improperly reapproximated or stripped from its origin and allowed to descend to a more 
inferior position, the result is inferior malposition of the lower lip with increased lower incisor show and deepening of 
the sulcus as well as inferior displacement of the chin pad. Use of a submental approach usually avoids injury to the 
mentalis muscle.

 13. How would you treat a patient who complains that the silicone chin implant placed 
several years ago is too large and asymmetric?
Revision surgery requires implant removal and replacement with an appropriately sized, shaped, and positioned implant. 
An advancement sliding genioplasty is an alternative approach to limit capsule-related soft tissue distortion. Removal 
of a smooth surfaced implant often reveals a distorted soft tissue envelope. The distortion will worsen with time due 
to ongoing soft tissue contraction forces. This distortion can be lessened if the soft tissue envelope is redraped over 
another implant or advanced skeletal segment.

 14. Can fat grafts substitute for alloplastic implants to augment the facial skeleton?
Because the ultimate expression of skeletal or soft tissue structure is reflected on the skin’s surface, some surgeons 
have used this as a justification for the equivalence and interchangeability of soft and hard tissue augmentation. For 
example, malar skeletal implants are used to restore cheek fullness, whereas fat grafts are used to create malar 
prominence. Up to a millimeter or so, the visual effect of either augmentation modality may be equivalent depending 
on the thickness of the overlying soft tissue envelope. However, beyond a minimal augmentation, the visual effects of 
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these modalities are markedly different. This is easily conceptualized when envisioning large augmentations. A large 
implant placed on the malar bone will make the cheek project more, making the face appear more defined, angular, and, 
therefore, thinner and more skeletal. Implanting fat into the cheeks will also make the cheek project more; however, the 
face will appear increasingly round and, therefore, less defined and less angular.

 15. A patient has a large nose and weak chin. In what order should rhinoplasty and chin 
augmentation with an implant be performed?
Facial balance and harmony are important concepts in aesthetic surgery. Underdeveloped areas may exaggerate other 
areas of disproportion (e.g., a small chin makes the nose appear larger). Bringing this area of underdevelopment to 
normal dimensions with an implant changes the balance of the face and makes the nose appear smaller. For this 
reason, chin augmentation should be performed before rhinoplasty. After chin augmentation, less extensive nasal 
reduction is required to create facial balance and harmony.

 16. What are common complications after placement of alloplastic facial implants?
The most common complications are implant malposition and sensory nerve disturbance. Hematoma, infection, 
extrusion, and facial muscle weakness occur less commonly. Most complications are related to postoperative hematoma 
that causes wound healing problems and infection. The incidence of infection, extrusion, or hematoma has been found 
to be less than 1% in several series.
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Aesthetic OrthOgnAthic surgery

 1. What is orthognathic surgery?
Orthognathic surgery is the term used to describe surgical movement of the tooth-bearing segments of the jaws 
as well as the maxilla and mandible. It can be used to correct problems related to developmental anomalies, 
posttraumatic deformities, and sleep apnea. The goal of orthognathic surgery is to establish ideal dental occlusion with 
the jaws in a position that optimizes facial aesthetics.

 2. What is dental compensation?
The term dental compensation is used to describe the tendency of teeth to tilt in a direction that minimizes the dental 
malocclusion. For example, in a patient with an overbite (class II malocclusion), the upper incisors will retrocline while 
the lower incisors will procline. The opposite occurs in a patient who has dental compensation for an underbite (class III 
malocclusion). Thus dental compensation will mask the true degree of skeletal discrepancy. Typically, the true skeletal 
discrepancy is worse than what appears on intraoral examination due to dental compensation.

 3. Why is it important to discuss orthodontic camouflage versus surgical treatment 
prior to initiating orthodontic therapy?
In an attempt to correct an overbite with orthodontics alone, an orthodontist will retrocline the upper incisors in an 
attempt to normalize overjet. This will reduce upper lip support, which will make the nose look more prominent. Many 
patients who had moderate to severe class II malocclusions corrected with orthodontics alone present for rhinoplasty, 
complaining of an overprojecting and large nose. In actuality, the nasal dimensions often are normal. It is the jaw 
relationship that requires correction. It is important to meet with patients before they decide whether to proceed with 
surgical or nonsurgical orthodontic correction. If the patient elects surgical treatment, the teeth are moved in the 
opposite direction rather than if nonsurgical orthodontic correction was selected. Therefore it is imperative for this 
consultation to take place prior to initiation of treatment.

 4. What is orthodontic decompensation?
Prior to orthognathic surgery, the orthodontist will decompensate the occlusion by removing the degree of dental 
compensation produced by the skeletal discrepancy. Preoperative orthodontic decompensation allows the surgeon to 
take advantage of the maximal amount of skeletal advancement possible.

 5. What is the ideal vertical position of the maxilla?
The vertical position of the maxilla is determined by the amount of the incisors that is visible with the lips in repose. 
A man should show at least 2 to 3 mm, whereas as much as 5 to 6 mm is considered attractive in a woman. If the 
patient shows the correct degree of incisor in repose but shows excessive gingiva in full smile, the maxilla must 
not be impacted. The correct degree of incisor in repose is more important than is visible gingiva in full smile. It is 
undesirable to bury the incisors in repose just to reduce the degree of gingiva in a full smile. If the patient exhibits 
a long lower face with proper incisal show, the chin may be reduced to reestablish the aesthetic height of the lower 
facial third (Fig. 87-1).

 6. How does the clinician determine the anteroposterior position of the jaws?
The profile evaluation focuses on the projection of the upper and lower jaws relative to fixed structures such as the 
forehead, orbits, and malar regions. The clinician usually can determine whether the deformity is due to the maxilla, 
mandible, or both just by looking at the patient. The details of the millimeter movements are determined on the 
cephalometric tracings (Fig. 87-2).

 7. What is skeletal expansion and why is it important?
Movements that result in a net skeletal expansion (anterior or inferior repositioning of the jaws) will attenuate the 
creases and folds, whereas skeletal contraction (posterior or superior movements of the jaws) will accentuate these 
problems. A prematurely aged appearance is an unfavorable result from jaw movements that result in net skeletal 
contraction. It is important that the surgeon develop a treatment plan that will expand or maintain the preoperative 
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volume of the face. If a superior or posterior (contraction) movement of one of the jaws is planned, an attempt should be 
made to neutralize the skeletal contraction with an advancement or inferior movement of the other jaw or the chin. It is 
important to avoid a net contraction of the facial skeleton because this may result in a prematurely aged appearance.

 8. How is a lateral cephalometric radiograph obtained?
A lateral cephalometric radiograph is performed under reproducible conditions so that serial images can be compared. 
This film usually is done at the orthodontist’s office using a cephalostat, an apparatus specifically designed to maintain 
consistent head position. The surgeon must be able to visualize bony as well as soft tissue features on the image to 
facilitate tracing of all landmarks. A piece of transparent acetate tracing paper is secured with tape over the radiograph 
and the following landmarks are traced: sella, inferior orbital rim, nasion, frontal bone, nasal bones, maxilla, maxillary 
first molar and central incisor, external auditory meatus, condylar head and mandible, and mandibular first molar and 
incisor. The soft tissue of the forehead, nose, lips, and chin also are traced. Once the normal structures are traced, 
several planes and angles are determined (see Chapter 27, Questions 2 and 21).

 9. What is the difference between an absolute and relative crossbite?
Dental casts allow the clinician to distinguish between absolute and relative transverse maxillary deficiency. Absolute 
transverse maxillary deficiency presents as a posterior crossbite with the jaws in a class I relationship. A relative 
maxillary transverse deficiency is commonly seen in a patient with a class III malocclusion. A posterior crossbite is 
observed in this type of patient, leading the surgeon to suspect inadequate maxillary width. However, as the maxilla is 
advanced or the mandible retruded, the crossbite is eliminated. Articulation of the casts into a class I occlusion allows 
the surgeon to easily distinguish between relative and absolute maxillary constriction.
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Figure 87-1. Soft tissue 
cephalometric measurements. Left, 
Vertical perpendicular dropped 
from glabella (G), the horizontal 
distance from which is measured 
at the subnasale (Sn) and pogonion 
(Pg). Normal values are 6 ± 3 mm 
and 0 ± 4 mm, respectively. Right, 
Normal vertical facial proportions: 
Glabella to subnasale is equal to 
subnasale to menton (Me). (From 
Rosen H: Aesthetic Perspectives in 
Jaw Surgery. New York, Springer-
Verlag, 1999.)
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Figure 87-2. Skeletal 
cephalometric measurements 
describing sagittal positions of 
the jaws. Left, SNA and SNB 
measurements relate the maxilla 
and the mandible to the cranial base. 
Normal values are 82° ± 4° and 79° 
± 3°, respectively. Right, Maxillary 
depth and facial depth angles relate 
the maxilla and the mandible to 
the Frankfort horizontal. Normal 
values are 90° ± 3° and 89° ± 3°, 
respectively. (From Rosen H: Aesthetic 
Perspectives in Jaw Surgery. New 
York, Springer-Verlag, 1999.)
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 10. Is facial disproportion ever acceptable in facial aesthetics?
It has been shown that skeletal expansion is aesthetically pleasing even if facial disproportion is necessary to achieve the 
expansion. Fashion models often exhibit slight degrees of facial disproportion and are considered beautiful. The aesthetic 
benefits the patient receives by expanding the facial envelope frequently justify the small degree of disproportion 
necessary to achieve them. Even in young adolescent patients who do not show signs of aging, one must not ignore these 
principles. A successful surgeon will incorporate these principles into the treatment plan of every patient so that as the 
patient ages, the signs of aging will be minimized and a youthful appearance will be maintained as long as possible.

 11. Why is a final splint necessary?
The occlusion desired may not be the same as maximum intercuspal position. The splint is useful in maintaining the 
occlusion in the desired location when it does not correspond to maximal intercuspal position. It is easy for the orthodontist to 
close a posterior openbite, but it is very difficult to close an anterior openbite with orthodontics alone. At the end of the case it 
is important to have the anterior teeth and the canines in a class I relationship without an openbite. If the desired occlusion is 
the same as that produced when the models are placed into maximal intercuspal position, a final splint is not necessary.

 12. What is the least stable movement?
The least stable movement is transverse expansion of the maxilla. Stable movements include mandibular advancement 
and superior positioning of the maxilla. Movements with intermediate stability include maxillary impaction combined 
with mandibular advancement, maxillary advancement combined with mandibular setback, and correction of mandibular 
asymmetry. The unstable movements include posterior positioning of the mandible and inferior positioning of the maxilla.

 13. What are the causes of malocclusion after skeletal fixation?
Improper positioning of the jaws is noted by poor occlusion or an obvious unaesthetic result. If this complication results 
from improper condyle position during fixation or improper indexing of the splint, fixation must be removed and reapplied. It 
is wise to verify splint fit prior to surgery. Meticulous treatment planning prior to surgery minimizes splint-related problems.

 14. How is lip length affected by closure of the circumvestibular incision?
A linear closure of a circumvestibular incision will shorten lip length and cause thinning of the lip. According to Rosen, 
the lip shortens by 20% to 50% of the amount of vertical maxillary reduction. The best way to minimize this shortening 
is to do a V-Y closure at the midline of the incision. A skin hook can be placed at the midline and used to pull the incision 
up while the vertical limb of the V-Y closure is performed. This limb typically is approximately 1 to 1.5 cm but can be 
modified in specific indications (Fig. 87-3).

Figure 87-3. V-Y closure at the anteriormost portion of 
the maxillary buccal incision minimizes lip shortening.  
A skin hook is placed in the mucosa superior to the 
incision at the midline. The vertical limb is closed for 1 cm 
with a running suture. Each lateral incision is closed with 
a continuous locking 4-0 chromic suture. (From Booth PW, 
Schendel S, Hausamen JE [eds]: Maxillofacial Surgery,  
Vol 2, 2nd ed. New York, Churchill Livingstone, 2006.)
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 15. What is the role of alloplastic augmentation in orthognathic surgery?
Alloplastic augmentation can be a useful tool in achieving aesthetic augmentation with minimal morbidity and 
recovery in a patient who may benefit from the skeletal augmentation but has no occlusal problems that require 
an osteotomy. Mandibular angle implants will enhance mandibular definition and soft tissue support in the patient 
with short rami and a steep mandibular plane. In facial rejuvenation patients, this skeletal augmentation can greatly 
enhance the aesthetic result and provide much better soft tissue support than can be achieved with soft tissue 
repositioning alone. Piriform and malar implants can provide soft tissue support that enhances facial aesthetics 
as well as in patients who have a class I occlusion but suffer from lack of adequate midfacial skeletal projection 
(Figs. 87-4 and 87-5).

 16. When should the nose be addressed in the orthognathic patient?
Because Le Fort I osteotomy will alter the dimensions of the nose, definitive rhinoplasty should be deferred until after 
the patient recovers from the maxillary osteotomy. The Le Fort procedure requires dissection and release of tissues 
from the anterior nasal spine. The effects of these maneuvers will cause nasal tip rotation. Even in isolated mandibular 
osteotomies, the surgeon must remember that nasal intubation is required to place the patient in maxillomandibular 
fixation prior to application of rigid fixation. If rhinoplasty is to be performed at this time, the patient must be 
reintubated orally after the mandibular procedure is completed. It is acceptable to perform rhinoplasty in conjunction 
with mandibular osteotomies, but we recommend doing rhinoplasties at least 6 months after maxillary procedures.

 17. What nasal changes are seen after orthognathic surgery?
If the maxilla is moved anteriorly, the nasal tip moves anterior and the dorsum may appear too low for the new 
position of the nasal tip. If the maxilla is moved posteriorly, the nasal tip will decrease its projection and the 
dorsum of the nose may appear too high relative to the new position of the nasal tip. The nasal length may 
decrease with maxillary movement and the nasolabial angle will increase. Maxillary osteotomies will result in 
increased alar width.

 18. How can alar widening be reduced in maxillary surgery?
The alar cinch is a procedure that places a suture from an intraoral incision that takes a bite from each transversalis 
nasi muscle and pulls them together to normalize ideal alar width. Weir excisions also can be useful in restoring ideal 
alar aesthetics after maxillary osteotomies (Fig. 87-6).

 19. What are the soft tissue changes in the upper lip that occur after Le Fort I osteotomy?
The upper lip will thin approximately 2 mm from its preoperative thickness after a Le Fort I sulcus incision has been 
closed. Flattening of the lip also occurs, and downturning of the lateral commissures can be seen. It is important to 
counsel patients about these changes prior to surgery. Fat grafting or Restylane may be useful in restoring lip volume. 
These soft tissue fillers also are useful for nonsurgical modification of incisal show if postoperative modifications are 
necessary.
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Figure 87-4. A, Soft tissue contour and skeletal configuration of patient with mandibular deficiency and class II malocclusion. 
B, Configuration and dimensions of mandibular body implant used to augment the deficient mandible. Because it extends beyond 
the posterior border of the ramus and inferior edge of the ramus and body, it closes the mandibular angle and lessens the plane 
of the mandibular border. Screw fixation guarantees position and ensures application of implant to skeleton. (From Yaremchuk MJ: 
Mandibular augmentation. Plast Reconstr Surg 106:697, 2000.)
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 20. What is the role of genioplasty in orthognathic surgery?
A genioplasty is commonly required in orthognathic surgery to optimize chin position after the jaws have been 
moved into the desired location. When the mandible is moved either anteriorly or posteriorly the chin will move with 
the mandible. If the final position of the chin is not ideal, it should be moved into the optimal location based on the 
anticipated facial changes that will occur from the orthognathic procedure. These anticipated postoperative facial 
changes and the new desired position of the chin are based on the postoperative cephalometric tracings that are 
performed as part of the treatment planning phase of the procedure.

 21. What is the role of fat grafting?
Autogenous fat grafting can be a useful adjunct procedure in the adult orthognathic patient. Many patients desire 
cosmetic as well as functional improvements, and fat grafting is a relatively benign method for augmenting any 
remaining deficiencies in the soft tissue envelope after skeletal expansion. Fat can be easily harvested using either 
Coleman or Tulip syringes and injected into the desired areas to fill depressions that can persist in the nasolabial crease, 
paramandibular, or piriform regions. As our understanding of adipocyte biology as well as the effects on the adipocytes 
from harvesting, processing, and injection improves, fat grafting will be used more commonly to achieve an optimal 
aesthetic result for the orthognathic surgical patient.
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Submalar implant

Tear trough implant

Figure 87-5. Three implants used primarily to fill out 
involutional soft tissue deficiencies that occur with aging. 
Depicted are the tear trough, the submalar implant, and the 
prejowl implant. (From Mathes S [ed]: Plastic Surgery, 2nd ed. 
Philadelphia, Saunders, 2006.)
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Figure 87-6. Alar cinch stitch is designed to prevent alar widening 
after Le Fort I osteotomy and allow the surgeon to control the width 
of the nose. 2-0 Prolene suture is used to grasp the transversalis 
nasi muscle on each side of the nose. The suture is tightened to the 
point that normal alar width is restored. (From Booth PW, Schendel 
S, Hausamen JE [eds]: Maxillofacial Surgery, Vol 2, 2nd ed. New York, 
Churchill Livingstone, 2006.)
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Genioplasty

 1. What is a genioplasty?
Genioplasty is an operation on the chin that uses either an osteotomy or an implant to change the position of the chin.

 2. How do you determine the relationship of the nose to the chin?
The ratio of nasal projection to nasal length should be 2:3. Assuming nasal projection and nasal length are correct, the 
aesthetic balance between the nose and chin can be clinically assessed. If the chin appears too far anterior or posterior 
to the nose, the occlusion should be evaluated. Orthognathic surgery can be done to correct skeletal malocclusions. 
If the patient does not desire orthognathic surgery or if the occlusal discrepancies are minimal, a genioplasty can be 
performed to minimize the chin deformity.

 3. What factors determine sagittal projection of the chin?
The lower lip and the nose play an important role in chin aesthetics. Several tools can be used to assess chin projection. 
If nasal length is ideal, a line can be dropped from the middorsum of the nose inferior and tangential to the upper lip. 
According to Byrd, the chin should be approximately 3 mm posterior to this line. Another method is to drop a line inferior 
and perpendicular to Frankfurt horizontal that is tangential to the lower lip. The chin should be just posterior to this 
line in females and at, or slightly anterior to, this line in males. A final analysis is Riedel’s line. This line connects the 
most prominent points of the upper and lower lips. The most prominent point of the chin should be the third point on 
this line. These references are general guidelines. Each patient’s particular facial shape, skeletal form, and soft tissue 
characteristics should be taken into account. For instance, in a patient with a mandibular retrognathia whose occlusion 
has been compensated, it would be inadvisable to move the chin as far forward to the ideal position because of adverse 
changes in the labiomental crease. An undercorrection in this case may give an improvement that is more aesthetically 
pleasing than moving the chin into the “ideal” position.

 4. What is the relationship of the soft tissue to hard tissue when the chin is moved?
The response of the soft tissue to a genioplasty is better than is the soft tissue response to an implant. Because the 
mentalis attaches the skin to the bone of the anterior chin, the skin will move in a 1:1 relationship with the bone in a 
genioplasty. When an implant is used, the soft tissue to implant response is 0.8:1. This is a useful guide when doing 
prediction tracings of the anticipated chin position and its relationship to the nose.

 5. What factors determine the vertical position of the chin?
The vertical height of the face can be divided into thirds. The trichion to the glabella is the upper third, the glabella to 
subnasale is the middle third, and subnasale to menton is the lower third. The vertical height of the chin should be set 
so that the lower third of the face is approximately equal to the upper and middle thirds. Another factor that affects 
the aesthetics of the vertical height of the chin is the depth of the labiomental crease. The crease should not exhibit 
effacement nor should it be deep. Moving the chin forward or superior will deepen the crease. Moving the chin inferiorly 
or posteriorly will efface the crease. These anticipated changes should be taken into account when developing a 
treatment plan to change the vertical height of the chin. In an advancement genioplasty, the surgeon must be careful 
to ensure that the osteotomy is parallel to Frankfurt horizontal. If the osteotomy is angled superiorly from anterior to 
posterior, the chin will become elongated as it is advanced (see Pharaoh deformity, Question 12).

 6. What factors determine the transverse position of the chin?
The clinical evaluation often reveals whether the midline discrepancy is due to osseous tissue, soft tissue, or a 
combination of both. When examining the facial midline, it is useful to mark several points (glabella, nose, dental 
midlines, vermillion, chin) to see if all are congruent. Occasionally, these points are not aligned, and the surgeon needs 
to point this out to the patient preoperatively to explain the limitations of surgery. Ideally, the center of the chin is 
congruent with the mandibular skeletal and dental midlines. If the chin is not centered, a simple centering genioplasty is 
indicated. If the chin as well as the mandibular midline is not centered, a mandibular osteotomy is necessary to correct 
the asymmetry. Occasionally, the mandible and the chin both require independent movements to achieve the best result. 
When the chin is moved, a 1:1 ratio of bone to soft tissue movement is anticipated when planning the final position.
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 7. What imaging is necessary prior to osseous genioplasty?
A panoramic radiograph (Panorex) should be obtained prior to performing an osseous genioplasty to rule out the 
presence of periapical or other bony pathology. This image helps differentiate any osseous component of chin 
asymmetry from that related to soft tissue. Important diagnostic information regarding the deformity also can be 
assessed, such as asymmetry, vertical height, proximity of tooth roots to proposed osteotomy, and location of the mental 
foramen. A lateral cephalometric radiograph is helpful for predicting the degree of movement required to obtain the 
desired result.

 8. How does the concept of skeletal expansion apply to the chin?
Moving the chin anteriorly or superiorly deepens the labiomental crease. In contrast, inferior or posterior movements 
soften the labiomental crease. In the patient with a normal crease, an anterior movement will create a deep crease. 
This effect can be negated by moving the chin inferiorly if the patient’s facial shape can tolerate the change. 
Otherwise, it is advisable to reduce the degree of anterior advancement. If a patient with an effaced crease requires 
an inferior movement, the surgeon should also move the chin forward, if possible, to normalize the crease. Frequently, 
compromises are required, and it is up to the surgeon to plan the ideal movements based on each patient’s preoperative 
facial dimensions.

 9. When is an osseous genioplasty preferable to a chin implant?
A chin implant is only capable of increasing chin projection. A chin implant cannot change the vertical dimension of the 
chin nor can it correct transverse asymmetry. An osseous genioplasty is the only method for manipulating the chin in 
all three dimensions. Additionally, an osseous genioplasty will advance the genial tubercles and thus the suprahyoid 
musculature. This advancement produces an improvement in the neck–chin contour that is not as pronounced as the 
neck tightening seen with implants.

 10. What are the advantages of alloplastic chin augmentation?
An implant can add volume to the lateral mandible, which can increase lower facial width; often this is useful in patients 
with small pointed chins. There is less risk to the mental nerve with the submental incision and dissection used to place 
a chin implant. If the patient does not like the implant, it can be removed. However, if the implant is removed, a slight 
soft tissue droop due to compromise of the attachment of the mentalis to the bone may be noted.

 11. Where should the incision be placed for a chin implant?
A submental incision is the best choice for inserting a chin implant. This reduces the chance of the implant migrating in 
a superior direction. Because the mentalis is not violated, the risk of witch’s chin deformity is reduced. This incision is 
easy to make under local anesthesia with or without sedation, making insertion of a chin implant an easy procedure to 
perform in the office.

 12. What potential adverse aesthetic effects are associated with advancement 
genioplasty? What is a Pharaoh deformity?
When an osseous genioplasty is advanced more than 5 to 6 mm, a notch can occur at the junction of the segments. 
Typically, this resolves as the bone resorbs, but if it persists beyond 6 months, a bone graft or implant can be placed to 
minimize the notch and smooth the mandibular contour in this region. An overadvanced chin also can cause excessive 
deepening of the labiomental crease, creating a prematurely aged appearance. The labiomental crease should never 
be more than 4 mm in women and no more than 6 mm in men. Additionally, excessive vertical elongation can occur 
as the chin is advanced. This can elongate the lower facial third and create a very unaesthetic appearance, especially 
in a patient who exhibits a long lower face preoperatively. This elongation leads to a “Pharaoh deformity,” which is an 
elongated narrow chin (Fig. 88-1).

 13. What potential adverse esthetic effects are associated with setback genioplasty?
Only an osseous genioplasty can be done to reduce the projection of the chin. You must be careful not to posteriorly 
position the chin excessively because of the potential to create soft tissue redundancy in the submental region. Also, 
as the symphysis of the chin is posteriorly positioned, a boxy appearance can be created as the facial shape becomes 
more square and loses the ideal oval shape. For these reasons, posterior movements of the chin should not be more 
than 3 to 4 mm in most cases. Patients should be warned preoperatively that they will have a palpable step where the 
edge of the posteriorly placed chin is wider than the mandible. Typically this irregularity resolves over several months as 
the bone resorbs, but if this step-off is noted to be excessive at the time of genioplasty, it can be reduced with the burr 
at the time of surgery.

 14. How much subperiosteal dissection is recommended to perform an osseous genioplasty?
As little subperiosteal reflection as possible is done to visualize the mental nerves and apply fixation. Limiting the 
dissection will minimize chin ptosis (witch’s chin) and maintain a 1:1 ratio of osseous to soft tissue during the 
movements. Retractors are used to visualize the nerve and retract it away from the saw during the osteotomy.
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15. Where are the osteotomy cuts made?
The cuts should be made 5 mm below the mental foramen and should extend posteriorly to the molar region. 
This posterior extension keeps the osteotomy transition under the thicker soft tissues of the mandibular angle. 
The posterior extension also minimizes the hourglass deformity, which can occur when the cuts are made too far 
anteriorly (Fig. 88-2).

16. What are the various types of genioplasties?
 • Sliding Genioplasty: This osteotomy is performed as a single cut through the chin at least 5 mm inferior to the apices 
of the mandibular teeth. It allows the chin segment to be moved anteriorly or posteriorly while maintaining contact 
between the two bone segments. Prefabricated chin plates can be used to easily secure the segments when in the 
desired position (Fig. 88-3).

 • Jumping Genioplasty: The jumping genioplasty is performed by making an osteotomy cut through the inferior 
mandible and then bringing the segment forward and superior so that the posterior edge of the chin segment rests 
against the anterior portion of the inferior mandible.

 • Reduction Genioplasty: This is done when the vertical height of the chin is excessive and the maxillary vertical 
position is normal. Two parallel cuts are made, with the distance between the cuts corresponding to the degree of 
vertical reduction desired. It is useful to make the inferior osteotomy cut first so that the second cut is still on stable 
bone as opposed to making the second cut on a mobile chin segment (Fig. 88-4).

 • Double Step Genioplasty: This osteotomy is indicated in cases of severe deficiency. A double cut is made (inferior 
portion first). The upper osteotomized portion is advanced and secured to the intact mandible. The inferior 
segment is moved anteriorly and secured to the middle segment while maintaining bony overlap at each area of 
advancement (Fig. 88-5).

 • Vertical Elongating Genioplasty: The osteotomy is performed, and a bone graft or piece of block hydroxyapatite 
is placed interpositionally to maintain the gap between the segments as the lower portion of the chin is inferiorly 
displaced (Fig. 88-6).

 • Widening Genioplasty: A narrow chin can be widened by doing a horizontal osteotomy cut and then dividing the 
inferior portion of the chin at the midline with a vertical osteotomy. The inferior pieces can be widened using a bone 
graft or block hydroxyapatite as a midline spacer for stability.

17. What are the potential complications of an osseous genioplasty?
Potential complications of an osseous genioplasty include asymmetry, wound dehiscence, overadvancement or 
underadvancement, chin ptosis, and lip paresthesia. Despite the multitude of potential complications, their frequency is 
rare (<5%).

Figure 88-1. The Pharaoh deformity.
Figure 88-2. Calipers are used to make measurements and verify 
chin position. Vertical drill lines are used to maintain orientation after 
the chin has been osteotomized. (From Bell WH [ed]: Modern Practice 
in Orthognathic and Reconstructive Surgery, Vol 3. Philadelphia, WB 
Saunders, 1992, p 2448.)
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A

BC

Figure 88-3. Horizontal osteotomy with setback.  
A, Sliding genioplasty osteotomy requires special attention 
laterally at the inferior border (B, C) to ensure a smooth 
transition between the mobilized segment and mandible. 
(From Fonseca RJ [ed]: Oral and Maxillofacial Surgery, 
Vol 2, Orthognathic Surgery, Betts NJ, Turvey TA [eds]. 
Philadelphia, WB Saunders, 2000, p 409.)

Figure 88-4. Reduction genioplasty. Narrowing of the inferior chin can be achieved by removing a central block of bone and moving 
the lateral segments to the midline. Rigid fixation is used to maintain the position of the segments. (From Bell WH [ed]: Modern 
Practice in Orthognathic and Reconstructive Surgery, Vol 3, Philadelphia, WB Saunders, 1992, p 2470.)
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18. What are the potential complications of a chin implant?
The potential complications of chin implantation include selection of the wrong size or shape implant, infection, 
extrusion, malposition, capsular contracture, and chin ptosis. For chin implantation, the risk of a complication is low but 
is slightly higher than that of osseous genioplasty.

19. What is a witch’s chin deformity?
The “witch’s chin deformity” results from a transection of the mentalis muscle that is not properly reapproximated. It 
is characterized by a clockwise rotation of the soft tissue in the chin causing it to droop over the osseous menton. At 
closure of the intraoral incision, the mentalis should be closed with several interrupted resorbable sutures to prevent 
this. Care must be taken to prevent dimpling of the skin that results from excessively deep bites (Fig. 88-7).

A C

B D

Figure 88-5. Double sliding genioplasty. A, This osteotomy can be used in cases of severe deficiency. B–D, Often, it is necessary 
to provide grafts over the step defects to ensure a predictable contour. (From Fonseca RJ [ed]: Oral and Maxillofacial Surgery, Vol 2, 
Orthognathic Surgery, Betts NJ, Turvey TA [eds]. Philadelphia, WB Saunders, 2000, p 410.)

A B

Figure 88-6. Wedge vertical 
reduction osteotomy. This osteotomy 
allows for (A) anteroposterior 
repositioning in addition to (B) 
vertical shortening. (From Fonseca RJ 
[ed]: Oral and Maxillofacial Surgery, 
Vol 2, Orthognathic Surgery, Betts 
NJ, Turvey TA [eds]. Philadelphia, WB 
Saunders, 2000, p 410.)
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NoN-Surgical rejuveNatioN 
of the agiNg face

 1. According to the American Society of Aesthetic Plastic Surgeons, how many 
nonsurgical cosmetic procedures were performed in the United States in 2005?
In 2005, more than nine million nonsurgical cosmetic procedures were performed in the United States. This number 
drastically contrasts with the two million surgical procedures performed in the same year.

The top four nonsurgical procedures in 2005 were Botox (3.3 million), laser hair removal (1.6 million), hyaluronic acid 
injection (1.2 million), and microdermabrasion (1 million).

As direct consumer marketing and external pressure from non–plastic surgeons increases, mastery of nonoperative 
techniques will be paramount to success.

 2. What are the clinical and histopathologic manifestations of photodamage  
to the skin?
Photodamage to the skin is characterized by repeated exposure to the ultraviolet radiation from sunlight, which causes 
cumulative damage. This damage can be seen clinically with increased roughness of the skin, fine wrinkles, pigment 
discrepancies, and lentigines. Microscopically the skin will demonstrate alterations in the dermal extracellular matrix 
with disorganized and degraded collagen.

 3. What is tretinoin, and how can it be used for facial rejuvenation?
Tretinoin is a vitamin A derivative that has been used for many years and has proved to be quite safe and effective for 
reduction of dyschromia and fine wrinkles. Histologically this can be confirmed after 6 months of use by increased 
epidermal thickening, increased granular layer thickness, decreased melanin content, and stratum corneum compaction.

 4. What is the dosing, application, and safe duration of use of tretinoin?
Tretinoin is dispensed in an emollient cream at strengths of 0.01%, 0.025%, and 0.5%. The 0.5% cream is the most 
commonly used and can be applied once daily on the facial skin following exfoliation. Multiple studies with follow-up of 
4 years have shown no adverse long-term effects of tretinoin use.

 5. What are the side effects, complications, or warnings about tretinoin you should tell 
your patients?
The most common side effects that occur with tretinoin use are erythema, burning sensation, and skin irritation. All of 
these side effects are more common following the initiation of therapy and usually subside after a few weeks. Typically 
they can be alleviated with moisturizer application. It is important for the patient to avoid excessive sun exposure 
because of increased susceptibility to sunburn and further irritation. Encourage the use of sunscreens that contain 
moisturizer for patients who are exposed to the outdoors while using tretinoin.

Because tretinoin use during pregnancy has not been studied, female patients should cease tretinoin use if pregnant. 
Tretinoin has been shown to cause delayed bone development in animal studies.

 6. What is ascorbic acid, and how is it used for facial rejuvenation?
l-Ascorbic acid, also known as vitamin C, has been shown to regulate collagen production and stimulate procollagen 
synthesis. Topical 5% vitamin C cream has been shown to clinically and topographically improve fine facial wrinkles and 
dyschromia when applied daily over 6 months.

 7. What is Botox?
Botulinum toxin type A is a purified toxin produced from the fermentation of the Hall strain of the bacteria Clostridium 
botulinum.
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 8. How does Botox work?
Botox chemically denervates muscle by irreversibly binding to the SNAP-25 protein, which prevents release of 
acetylcholine from motor or sympathetic nerve terminals. There is reduction in motor activity and partial muscle atrophy 
that is slowly reversed by reinnervation of muscle and development of extrajunctional acetylcholine receptors.

 9. How was the Botox unit calculated?
One unit of Botox is the median intraperitoneal lethal dose (LD50) in mice. Each vial contains 100 units of Botox, 0.5 mg 
of human albumin, and 0.9 mg of saline that is vacuum dried without a preservative.

 10. How is Botox reconstituted?
Botox comes vacuum dried in a vial containing 100 units. Each vial should be reconstituted with 2.5 mL of 0.9% 
nonpreserved saline for a final concentration of 4 units per 0.1 mL. Some data suggest that preserved saline actually 
decreases pain experienced by the patient on injection. The Botox Consensus Group states that preserved saline 
is preferable to nonpreserved saline as a dilutant for Botox based on the improved patient comfort during injection 
reported by Alam.

 11. How long can Botox be used after it has been reconstituted, and how should it be 
stored?
The prescribing information states that Botox should be used within 4 hours of reconstitution. However, according to the 
Botox Consensus Group, Botox can be stored safely at 4°C for up to 6 weeks prior to use. Prior to reconstitution, Botox 
can be stored at 2°C to 8°C for up to 24 months.

 12. What are the contraindications to Botox use?
There are many contraindications to use of this medication for cosmetic purposes in patients. A thorough history of prior 
medical conditions, medications, and allergic reactions should be undertaken before Botox is administered.

Botox should not be used in a patient who is pregnant or lactating. Additionally, any patient with a neuromuscular 
disorder, such as myasthenia gravis or amyotrophic lateral sclerosis, should not receive Botox because even low 
doses might cause a neuromuscular crisis. Aminoglycoside antibiotics have the potential to interfere with the 
metabolism of Botox and may prolong the half-life of the drug. Patients using warfarin or other anticoagulants should 
not receive Botox.

 13. What is the most common side effect and complication of Botox injection?
The most common side effect of Botox is mild headache following injection. However, data suggest that this may be due 
to the injection itself and not necessarily the Botox.

The most common reported complication following Botox injection is hematoma at the site of injection. Patients should 
be counseled to discontinue aspirin and other antiplatelet drugs prior to injection. Coumadin (warfarin) anticoagulation is 
a contraindication to Botox injection because of possible drug interactions and high risk for hematoma.

 14. What type of syringe and anesthetic can be used for Botox injection?
A 1-cc tuberculin or insulin syringe with a small-bore needle (e.g., 30 or 32 gauge) is optimal for injection.

Topical anesthetic such as EMLA cream, injectable anesthetic such as lidocaine, or a simple ice pack all can be used to 
improve patient comfort during injection.

 15. What are the postinjection instructions to the patient?
The patient should not massage the injected area, should limit laborious activity, and should avoid bending over for  
24 hours to prevent unwanted diffusion of the product. Additionally, patients may be instructed to contract the injected 
area for approximately 2 hours, which may speed uptake. Ice to the injection area will help reduce local bruising and 
edema.

 16. What is the glabellar complex, and what are the recommended Botox dosages to 
treat this area?
The glabellar complex is composed of the corrugator supercilii, procerus, and depressor supercilii (medial orbicularis 
oculi) muscles. These muscles function to adduct and depress the brow, resulting in a vertically oriented wrinkle.

Five to seven injection sites are recommended in a V formation along the medial brows. The median dose for this area 
reported in the literature is 20 units (range 10 to 80 units) divided across the glabellar complex.
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17. A new physician asks you to teach a medical student how to inject Botox into the 
crow’s feet of a patient. What pearls would you give the student to optimize the 
outcome of the injection technique? What are the dosage and the injection pattern of 
the lateral orbit?
 • Appropriate lighting and loupe magnification can help identify small periorbital veins that can lead to postinjection 
hematoma or bruising. Ice compress following injection may lessen bruising.

 • A positive snap test may identify a patient with potential for postinjection ectropion.
 • Start with low doses of Botox and stay at least 1 cm lateral to the orbital rim to avoid ptosis.
 • Ask the patient to animate the area while you are injecting. This will help guide the injections into specific muscular 
targets. Remember to keep the injection superficial in the deep dermis or superficial subdermis and to keep the 
needle angled away from the orbit.

Typically women require 8 to 12 units per side and men 12 to 16 units per side divided among four vertically oriented 
injection sites.

 18. A patient calls your office 24 hours after Botox injection and states that she wants 
her money back because she sees no effect from the treatment. What do you tell 
her? How long do you tell her the effects will last?
Explain to the patient that the onset of action is not for 2 to 3 days after injection and the peak effect usually is not seen 
for 2 to 3 weeks. The effects are variable; however, they generally last 3 to 4 months.

 19. What is hyaluronic acid?
It is a glycosaminoglycan that consists of regularly repeating nonsulfated disaccharide units of glucuronic acid and 
N-acetylglucosamine. It is essentially a component of the extracellular matrix. It is quite hydrophilic, and the water that surrounds 
it is able to occupy a larger volume relative to its mass. It is biocompatible and lacks immunogenicity, making it a good dermal 
filler. No skin testing is required prior to injection, giving it a significant advantage over bovine collagen fillers (Table 89-1).

 20. What are four commonly used Food and Drug Administration–approved hyaluronic 
acid formulas available in the United States?
Restylane, Captique, Hylaform, and Hylaform Plus are four Food and Drug Administration (FDA)–approved hyaluronic 
acid fillers used in the United States. They all are approved for mid to deep dermal implantation for correction of facial 
wrinkles and folds. Restylane is made from bacterial (streptococcus) fermentation, cross-linked with 1,4-butanediol 
diglycidyl ether, with a hyaluronic acid concentration of 20 mg/mL and a particle size of 400 microns. It remains the 
most popular in use.

 21. Why is periorbital injection of soft tissue fillers problematic?
The anatomy of the periorbital region is complex and the area difficult to augment because the skin is very thin and will 
easily show contour irregularities, color discrepancies, and inflammation from poorly placed filler. In addition, patients 
may be at higher risk for visible bruising from the procedure and for the remote severe complication of vision loss.

 22. In which layer is periorbital tissue filler placed?
If the filler is placed too shallow, then surface and color irregularities may be seen; therefore a suborbicularis plane is 
optimal. Using a 30-gauge needle, a fan-shaped area can be injected with 0.3 to 1cc of Restylane to augment periorbital 
hollows. Periorbital injection of filler should be performed only by those very experienced with the subtle technical 
aspects of precise filler deposition.

 23. What are technical considerations for filler injection?
There are many subtle technical considerations to allow for optimal placement of fillers throughout the face. It is 
preferable to use ice and EMLA cream instead of local anesthetic, which may distort the intended injection anatomy 
secondary to volume displacement.

A steady, gentle pressure should be applied to the plunger of the syringe so that a constant and symmetric flow of 
filler is ejected as you withdraw the needle. Variable pressure and speed of withdrawal can alter the amount of product 
deposited under the superficial defect, creating a visible lump.

Pattern of filler deposition is important in creating a three-dimensional construct augmenting the desired area. The most 
common methods for developing this pattern construct are fanning, linear threading, and serial puncture. It is important 
to pick a surface reference point on which to build the pattern. Deposition of filler in an unintended overlapping nature 
may produce unwanted augmentation.

 24. Can Restylane be used in conjunction with other cosmetic procedures?
Yes. According to the Restylane Consensus Group, based on current data it is safe to use Restylane in conjunction with 
surgery (e.g., facelift) as well as energy-based treatments (e.g., Thermage, laser resurfacing). However, it is recommended 
to perform the energy treatment prior to placement of Restylane so as not to displace or disrupt the substance.
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 25. Shortly after Restylane is injected into the nasolabial fold of a 36-year-old healthy 
woman, her right ala turns blue. Twenty-four hours later a small, painful ulcer 
develops. What has happened, and how can it be prevented?
The product was injected intraarterially, likely into the dorsal nasal artery. Intracerebral embolization is theoretically 
possible given the possible anastomosis between the angular artery and the dorsal nasal artery. Intraarterial injection of 
bovine collagen has been reported to occur at a rate of 0.09%.

Simple aspiration before injection of fillers reduces the chance of intraarterial injection and potential complications.

Table 89-1. Types of Filler

FILLER COMPOSITION INJECTION SITE LONGEVITY SKIN TEST

Bovine Collagen

Zyderm I
Zyderm II
Zyplast

Artecoll

Endoplast 50

3.5% BC
6.5% BC
3.5% BC + glutaraldehyde 

cross-links
3.5% BC + 

polymethylmethacrylate 
microspheres

BC + solubilized elastin 
peptides

Perioral wrinkles
Coarse rhytids
Coarse rhytids

Glabella, nasolabial, 
perioral, deeper 
defects

Coarse rhytids

2–4 months
2–4 months
6–8 months

Years

12 months

Yes
Yes
Yes

Yes

Yes

Human Collagen

Isolagen

Alloderm

Cymetra

CosmoDerm
CosmoPlast

Cultured human fibroblasts 
from patient

Cadaveric collagen in sheet 
form

Cadaveric collagen 
micronized/gel

Purified HC
Purified HC cross-linked with 

glutaraldehyde

Moderate wrinkles 

Deep wrinkles/lip 
augmentation/
nasolabial fold

Moderate to deep 
wrinkles/lip 
augmentation

Periorbital wrinkles
Periorbital wrinkles

4–6 months 

9–12 months

3–6 months

2–4 months
3–6 months

No

No

No

No
No

Hyaluronic Acid (Avian Derived)

Hylaform

Hylaform 
Plus

HA (nongender chicken combs) 
divinyl sulfone X links

HA (nongender chicken combs) 
divinyl sulfone X links

Moderate to severe 
wrinkles

Moderate to severe 
wrinkles

3–4 months

4 months

No

No

Hyaluronic Acid (Bacteria Derived)

Restylane

Restylane 
Perlane

Restylane 
Touch

Restylane 
SubQ

Captique

Juvéderm

HA (Streptococcus) 
1,4-butanediol diglycidyl 
ether X links

HA (Streptococcus)

HA (Streptococcus)

HA (Streptococcus)

HA divinyl sulfone X links

HA (Streptococcus equi) 
1,4-butanediol diglycidyl 
ether X links

Moderate wrinkles, lip 
volume

Deeper wrinkles, lips

Fine lines around 
eyes/mouth

Deepest wrinkles/
facial augmentation/
HIV lipodystrophy

Moderate to severe 
facial wrinkles

Fine to deep wrinkles

6–8 months

6–8 months

6–8 months

9–12 months

5–6 months

6–9 months

No

No

No

No

No

No

Other

Radiesse

Sculptra

Calcium hydroxylapatite + 
carboxymethylcellulose + 
glycerin

Poly-l-lactic acid

Moderate to deep 
wrinkles

Deep wrinkles/facial 
lipoatrophy

1–2 years

1–2 years

No

BC, Bovine collagen, HA, hyaluronic acid, HC, human collagen.
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 26. A palpable and visible lump of recently injected hyaluronic acid has been identified 
by one of your patients. What is one chemical that you could use to alleviate the 
problem?
Hyaluronidase has been used successfully in a number of cases as a management avenue for filler placement 
aberrations. Data concerning its further utilization are eminent, but until the data are reported, one remedy is gentle 
massage over the lump, which can help to distribute the uneven placement.

 27. What is the Tyndall effect, and how is it important in filler placement?
The Tyndall effect is the way in which light is reflected by the subcutaneous substances it encounters. Physicists refer 
to the effect as Raleigh scattering, named after Sir Walter Raleigh who showed that the amount of light scattered is 
inversely proportional to the fourth power of wavelength for sufficiently small particles. Particles of approximately 400 
microns in the skin tend to reflect blue light while allowing other light to pass. This effect is demonstrated in the blue 
color of veins that lie under the skin and carry red blood. If fillers are placed too superficially in the skin, then a Tyndall 
effect may create a noticeable blue discoloration.

 28. What is a percutaneous suture meloplication?
Contour threads, Aptos sutures, and Isse facelift sutures are permanent monofilament sutures with mechanically created 
barbs used to elevate and tighten soft tissues of the face. These sutures are FDA approved for use in the brow, midface, 
and neck. They are placed percutaneously and are anchored to the temporal fascia along various vectors that elevate 
skin in the desired direction.

 29. Who are ideal candidates for barbed suture placement?
Those with mild to moderate laxity, moderately deep nasolabial folds or jowl formation, limited skin wrinkling, and 
thicker subcutaneous skin who do not want surgical correction.

 30. What are the long-term effects and complications associated with barbed suture 
lifting of the face?
Currently no data document the long-term efficacy of suture lifting of the face; however, many practitioners state effects 
can last up to 1 year. One report suggests that up to 20% of patients will not have a noticeable difference 1 year after 
the procedure. Reported complications include thread disruption, hemorrhage, skin dimpling, asymmetry, visible threads, 
and difficult suture removal due to the fibrous shell surrounding the suture.

 31. What is microdermabrasion, and how is it used in facial rejuvenation?
Microdermabrasion has become one of the more common instruments of facial rejuvenation used in the plastic 
surgeon’s practice. It is a device in which inert crystals, typically aluminum oxide crystals, are projected against the skin 
at high velocity and then vacuumed away in a closed circuit. These crystals are chosen for their hardness and serve to 
mechanically ablate approximately 8 microns of the epithelium. Dermal matrix remodeling is induced by up-regulation 
of epidermal signal transduction pathways induced by the microdermabrasion.

 32. What influences the degree of tissue ablation achieved during microdermabrasion?
The particle flow rate and amount of vacuum pressure affect the number of particles impacting the skin. In addition, 
the angle of particle impaction and the number of wand passes over the skin are important in determining the extent of 
ablation.

 33. What are the histologic changes following microdermabrasion?
On average the thickness of the epidermis can increase by 20 microns and the dermis by 30 microns after six 
treatments. Rete pegs flatten and become more widely spaced throughout the epidermis. A greater amount of activity 
occurs in the dermis, with increased quantity and organization of collagen bundles, increased elastin content, and 
increased myofibroblast migration.

 34. What is the frequency of microdermabrasion treatments, and what do you tell your 
patients to expect?
The typical treatment regimen consists of four passes of the handpiece, once weekly for 5 to 6 weeks. Patients typically 
have facial erythema and mild edema for 2 to 3 days.
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Chest Wall ReConstRuCtion 90

 1. When do the skeletal components of the chest wall form embryologically?
The ribs, costal cartilages, and sternum form during the sixth week of gestation. The primitive sternum arises from 
two lateral mesenchymal bands that fuse by the ninth week of gestation. During this period the thoracic ribs, costal 
cartilages, and intervening musculature develop independently of the sternum. By the ninth week, the ribs have matured 
and cartilages 1 to 7 have joined the sternum. Cartilages 8 to 10 are incorporated shortly afterward. Congenital chest 
wall anomalies arise from developmental disturbances during this period.

 2. What are the muscular layers of the chest wall?
Between the overlying skin and underlying rib cage are a number of muscles that can be divided into two main groups: 
inspiratory and expiratory muscles. The inspiratory muscles serve as elevators of the superior aperture of the rib cage 
and assist with expanding the chest volume. They include the sternocleidomastoid and scalene muscles, which insert 
onto the clavicle and the first and second ribs. Major resections of the upper sternum and ribs result in a partial collapse 
of the ribs inferiorly and a measurable functional loss in ventilation. The expiratory muscles attach to the much larger 
inferior aperture of the rib cage and constrict the skeletal structure downward, forcing the abdominal contents upward 
against the diaphragm to assist with expiration, coughing, and sneezing. They include the rectus abdominis, internal 
oblique, and external oblique muscles (Fig. 90-1). Muscles attached to the clavicle, scapula, and humerus, such as the 
pectoralis major, trapezius, and latissimus dorsi, are primarily involved in movement of the shoulder and arm.

A B

Figure 90-1. A, Forced inspiration depends on the “bucket-handle” motion of the ribs and the “pump-handle” motion of the sternum. 
This energy-consuming effort is mediated through the accessory muscles of respiration and occurs when metabolic demand outstrips 
ventilatory capabilities at rest. Excessive removal of the chest wall in the wrong patient can activate this response and lead to exhaustion. 
B, The accessory muscles of inspiration include the sternocleidomastoids, the scalene muscles, the external intercostals, and the 
parasternal intercartilaginous muscles.These activate the bucket-handle and pump-handle mechanisms. (From Seyfer A, Graeber G, Wind G 
[eds]: Atlas of Chest Wall Reconstruction. Rockville, MD, Aspen Publications, 1986, p 28.)
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 3. What are the functions of the chest wall?
The chest wall has both structural and functional roles:

 • It provides a bony shell for protection of vital visceral organs, including the heart, lungs, liver, spleen, pancreas, and 
kidneys.

 • It provides a flexible frame for respiratory movements.
 • Muscular components actively contribute to inspiration and expiration.
 • Chest wall muscles attached to the clavicle, scapula, and humerus contribute to movement of the shoulder 
and arm.

 • Overall expansion of the rib cage is crucial to creating negative pressure necessary for lung expansion during 
inspiration; loss of rigid support over a large area of the rib cage results in an inward motion of the chest 
wall—paradoxical movement.

 4. What are the most common indications for chest wall reconstruction?
Defects of the chest wall requiring reconstruction most often result from (1) trauma, (2) tumor resection, (3) infection, 
(4) radiation ulcers, and (5) congenital defects. These defects may be superficial, involving only the soft tissue of the 
chest wall, or complex, involving the skeletal framework, thoracic cavity, or mediastinum.

 5. What are the principles of chest wall reconstruction?
 • Adequate débridement and resection of all tumor, osteoradionecrotic tissue, or infection
 • Obliteration of intrathoracic dead space
 • Skeletal stabilization if more than four ribs or greater than 5 cm of chest wall is resected en bloc
 • Adequate soft tissue coverage
 • Aesthetic consideration

 6. What type of tissue is most often used for reconstruction?
Muscle and musculocutaneous flaps are the tissues of choice for chest wall reconstruction. Local skin flaps, regional 
pedicle flaps, and thoracoabdominal tube flaps were used until the popularization of muscle and musculocutaneous 
flaps in the mid 1970s. The pectoralis major, latissimus dorsi, serratus anterior, and rectus abdominis muscles are most 
frequently used.

 7. What are the indications for free tissue transfer?
Free tissue transfer for chest wall reconstruction is performed infrequently. It is reserved for cases in which regional 
flaps are unavailable or have already been used. Microvascular anastomoses can be performed using the thoracodorsal, 
subscapular, or internal mammary arteries as recipient vessels.

 8. What options are available for skeletal stabilization?
Stabilization of the sternum for defects encompassing more than four contiguous rib segments is necessary for 
restoration of normal protective and respiratory function of the chest wall. Various materials can be used in this capacity, 
including autogenous tissue (rib grafts, fascia, large muscle flaps), synthetic compounds (Teflon, Prolene mesh, 
Gore-Tex), and composite mesh (Marlex–methylmethacrylate composite). Muscle flaps can also stabilize large chest 
wall defects without resulting in flail segments, especially in the radiated chest wall, in which local tissues have 
stiffened secondary to chronic inflammation from radiation exposure.

 9. What is the incidence of median sternotomy infection?
Median sternotomy infection occurs in 0.4% to 5.0% of cardiac procedures.

 10. What is the significance of sternal wound infections?
Postcardiotomy sternal wound infection is a life-threatening complication. Mortality rates range from 5% to 50%. 
Infection may extend into the mediastinum, affecting prosthetic valves, bypass grafts, and suture lines.

 11. Should serial débridement be performed after sternal wound dehiscence?
Not necessarily. Nahai et al. reported a series of 211 consecutive cases of sternal wound coverage. The pectoralis major 
muscle flap was used in 56% and the rectus abdominis muscle in 38%. Single-stage débridement with muscle flap 
coverage immediately on diagnosis of sternal dehiscence was successful in 95% of cases.

 12. Is there a correlation between use of the internal mammary artery for bypass 
grafting and the incidence of sternal wound infections?
Yes. Perforators of the internal mammary artery (IMA) are the main blood supply to the sternum. Therefore use of the 
IMA for bypass grafting may compromise the vascular supply of the sternum, delaying wound healing and increasing 
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the risk of infection. Cosgrove et al. demonstrated no sternal wound complications in patients in whom saphenous 
vein grafts were used for bypass, a 0.3% incidence in patients in whom unilateral IMA grafts were used, and a 2.4% 
incidence in patients in whom bilateral IMA grafts were used.

 13. How are sternotomy wound infections classified?
Pairolero classified infected sternotomy wounds into three types:

Type I infected sternotomy wounds occur in the first 1 to 3 days postoperatively and consist of serosanguinous drainage 
with negative wound cultures without cellulitis, costochondritis, or osteomyelitis. Wounds require reexploration, 
minimal débridement, and rewiring of the sternum.

Type II infected sternotomy wounds occur in the first 2 to 3 weeks postoperatively and consist of purulent mediastinitis 
with positive wound cultures, cellulitis, costochondritis, and osteomyelitis.

Type III infected sternotomy wounds present months to years after cardiac procedures. Draining sinus tracts result from 
chronic costochondritis and osteomyelitis. Type II and type III wounds require thorough débridement and reconstruction.

 14. How are median sternotomy wounds reconstructed?
Because of its location on the chest wall, its size, and its arc of rotation, the pectoralis major muscle is the flap 
of choice for reconstruction of median sternotomy wounds (Fig. 90-2). This muscle originates on the clavicle, 
sternum, six upper ribs, and aponeurosis of the external oblique muscle and occupies the anterior chest wall.  
It inserts on the intertubercular sulcus of the humerus, forming the anterior wall and fold of the axilla.  
The pectoralis major muscle is a type V muscle supplied by the thoracoacromial artery, its dominant pedicle,  
and segmental perforators from the IMA.

The muscle is harvested through the sternotomy wound. Wide undermining at the level of the pectoralis fascia is 
performed, and the muscle is detached from the ribs and sternum. Dissection proceeds laterally after identification of 
the thoracoacromial pedicle on the undersurface of the muscle, and the humeral attachment is divided. The muscle is 
dissected from the clavicle and advanced medially to cover the defect. Coverage of large defects with exposed heart and 
great vessels can often be accomplished with bilateral pectoralis major muscle flaps.

 15. How can the pectoralis major muscle be used as a “turnover” flap?
The pectoralis major muscle can be based medially on the perforating branches of the IMA if it is intact. After the 
anterior surface of the muscle is exposed, dissection of the muscle from the chest wall is performed from lateral to 
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Figure 90-2. Pedicle flap donor sites for chest wall reconstruction: (A) Pectoralis major muscle flap, (B) latissimus dorsi muscle flap, 
(C) serratus anterior muscle flap, (D) greater omentum flap, (E) rectus abdominis muscle flap. (From Cohen M: Reconstruction of the chest wall. 
In Cohen M [ed]: Mastery of Plastic and Reconstructive Surgery. Boston, Little, Brown, 1994, p 1250, with permission.)
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medial to avoid injury to the IMA perforators. The thoracoacromial pedicle is identified and ligated, and dissection is 
continued up to 2 to 3 cm lateral to the midline—again, to protect the perforators (Fig. 90-3). The muscular attachment 
to the humerus is divided, and the muscle is turned over like a page in a book to cover the defect. When possible, 
preservation of a partial attachment of the superior portion of the muscle to the humerus provides a better aesthetic 
result by preserving the anterior axillary fold.

16. When is the rectus abdominis muscle used?
The rectus abdominis muscle can be used to supplement a pectoralis major muscle flap when additional bulk is needed 
or when the pectoralis major muscle is not available. Based superiorly on the deep superior epigastric artery, a terminal 
branch of the IMA, this type III muscle can be turned on itself to fill a defect of the chest wall or mediastinum. The rectus 
abdominis muscle is harvested through a midline or paramedian skin incision. The anterior rectus sheath is incised, 
and the muscle is divided at the necessary level inferiorly and elevated from the posterior rectus sheath in a caudad to 
cephalad fashion. The muscle is mobilized on its superior pedicle and transposed into the defect.

17. Can the rectus abdominis muscle be used when the ipsilateral IMA has been 
harvested for bypass grafting?
Yes. The rectus muscle can be harvested based on the eighth intercostal vessel. However, the distal third of the rectus 
muscle often has tenuous vascularity.

18. What role does the greater omentum play?
Weinzweig and Yetman reported the largest series of omental transposition flaps for coverage of infected sternal 
wounds. In their series of 25 patients, the greater omentum, either alone or in combination with muscle flaps, 
provided reliable coverage after radical sternectomy for deep infections, including osteomyelitis, chronic chondritis, 
and mediastinitis, as well as for extensive and lower third sternal wounds (Fig. 90-4). Ninety-five percent of wounds 
ultimately healed without intraabdominal problems or chest wall instability.

19. What is a sternal cleft?
Sternal clefts, described as early as 1772 by Sandifort, are rare deformities in which a grotesque depression in the 
middle of the chest may reveal the pulsating heart through the overlying skin. Interruption of sternal fusion may result in 
these impressive anomalies. A superior sternal cleft occurs secondary to a deficiency in cephalad fusion; a distal sternal 
cleft results from a premature cessation of fusion.

20. Which congenital anomalies are associated with developmental abnormalities  
of the ribs?
Developmental abnormalities of the ribs may result in supernumerary ribs or hypoplasia of the costal cartilages, which 
may be associated with Poland’s syndrome. Anomalous rib development also may result in pectus excavatum and 
pectus carinatum.

Figure 90-3. Pectoralis major 
turnover flap. The pectoralis major 
turnover flap is based on the minor 
segmental pedicles and is used 
predominantly for coverage of the 
sternum and mediastinum. This 
modified flap will preserve the anterior 
axillary fold. Arc to sternum and 
anterior mediastinum. (From Mathes 
SJ, Nahai F: Reconstructive Surgery: 
Principles, Anatomy, and Technique. 
New York, Churchill Livingstone, 1997, 
pp 450–453.)
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21. Which congenital chest wall anomaly is associated with ipsilateral hand deformities?
Poland’s syndrome.

22. What is Poland’s syndrome?
Described by Alfred Poland in 1841, this congenital anomaly is characterized by partial or complete absence of the 
pectoralis major muscle and hypoplastic or absent adjacent musculoskeletal components. The deformity consists of a 
number of unilateral findings, including partial agenesis of the ribs and sternum, brachysyndactyly, mammary aplasia, 
and absence of the latissimus dorsi, serratus anterior, and pectoralis major muscles in the severe form. In the mildest 
form of Poland’s syndrome, mild hypoplasia of the breast and lateral nipple displacement may be the only findings.

23. Do the reconstructive goals differ in females and males with Poland’s syndrome?
Yes. Although the goal in both cases is restoration of a natural contour to the anterior chest wall, reconstruction of a 
symmetric breast mound, a normal-appearing nipple–areolar complex, and subclavicular fullness are necessary in 
female patients. In both male and female patients, the best aesthetic result usually is accomplished by a latissimus dorsi 
muscle transfer to the anterior chest wall. In women, simultaneous insertion of a submuscular mammary prosthesis 
usually is performed. Depending on the severity of the anomaly, a muscle flap may be performed without the need for a 
mammary implant. Similarly, reconstruction of mild forms of the syndrome may require use of a prosthesis alone.

24. What is pectus excavatum?
Pectus (chest) deformities occur as commonly as 1:300 live births. Pectus excavatum (funnel chest) is the most 
common chest wall deformity. The depression of the anterior chest wall usually begins at the sternal angle (angle of 
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Figure 90-4. Closure of a chest wall defect with greater omentum. A, Main arterial supply of the greater omentum. B, C, The 
greater omentum can be pedicled on the right or left gastroepiploic arery, depending on the site of the defect to be closed. The 
omental flap is freed from the stomach at the muscularis layer to maintain the integrity of the vascular gastroepiploic arch. 
D, The greater omentum is transferred to the thoracic defect through the superior portion of the abdominal wall incision or through 
a separate stab wound. A subcutaneous tunnel can be used to pass the omentum to the defect. (After Dupont C, Menard Y: 
Transposition of the greater omentum for reconstruction of the chest wall. Plast Reconstr Surg 49:263–267, 1972.)
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Figure 90-5 Ravitch technique for correction of chondrogladiolar type of pectus carinatum. A, B, Transverse curvilinear incision is used 
to elevate flaps down to and including the pectoralis muscles. The rectus muscle attachments are divided. Cartilaginous irregularities and 
knobby projections of the chondrosternal articulations are sharply smoothed out. C, D, The posteriorly curved, deformed cartilage is resected 
subperichondrially. The redundant perichondrium is tightened by mattress silk reefing sutures so that the new cartilage will grow in a straight 
line from the ribs to the sternum. E, Pectoralis muscles and recti are reattached to the sternum. (After Ravitch MM: General Thoracic Surgery. 
Philadelphia, Lea & Febiger, 1972.)
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Louis) and reaches its deepest point at the level of the xiphoid. The concave deformity occasionally is so severe that 
the sternum contacts the vertebral bodies or passes to one side of the vertebral bodies into the paravertebral gutter, 
accounting for the associated cardiopulmonary and physiologic abnormalities. This anomaly is believed to result from 
overgrowth of the costal cartilages, which forces the sternum posteriorly in the case of pectus excavatum and anteriorly 
in the case of pectus carinatum (see Question 26).

25. How is pectus excavatum treated?
The Ravitch technique for reconstruction involves elevation of perichondrial flaps and resection of the involved costal 
cartilages (usually four or five on each side) with preservation of the costochondral junction when possible. The xiphoid 
process is divided to permit elevation of the sternum. A posterior transverse osteotomy of the sternum is performed 
superiorly, and the sternum is fractured forward. A bone wedge is used to stabilize the sternum at the osteotomy site 
posteriorly. An anterior transverse osteotomy is performed inferiorly and stabilized with a bone wedge anteriorly. The 
sternum is stabilized with wires to adjacent ribs and bilateral pectoralis flaps are sutured to the sternum in the midline.

The sternum turnover procedure involves transection of the ribs and intercostal muscles bilaterally at the costal arches 
along the margin of the deformity. The sternum is transected above the level of the deformity, removed en bloc, and 
turned over. The convex side is flattened by wedge resections and trimmed to fit the chest wall defect. The sternum is 
sutured in place with wires, and each costal cartilage or rib is sutured with heavy silk.

26. What is pectus carinatum? How is it related to pectus excavatum?
Pectus carinatum (pigeon breast) is a protrusion deformity of the anterior chest wall and is considered the opposite of 
the pectus excavatum deformity. This condition occurs much less commonly than the excavatum anomaly. Surgical 
reconstruction for pectus carinatum is similar to that used to correct pectus excavatum. In both cases, the Ravitch 
technique can be used. The abnormal costal cartilages are resected through a subperichondrial approach, and the 
sternum is repositioned to restore the anterior chest wall contour. A substernal metallic strut is used to support the 
repositioned sternum. Wires are used to secure the strut to the sternum and surrounding ribs (Fig. 90-5).
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AbdominAl WAll ReconstRuction

 1. What is the functional role of the abdominal wall?
The abdominal wall consists of vertically, obliquely, and transversely oriented muscles that play a key role in posture 
maintenance, standing, walking, bending, and lifting. The abdominal wall muscles also protect the abdominal viscera 
and increase intraabdominal pressure to aid in coughing, vomiting, defecation, micturition, and parturition. The muscles 
also serve an important role in respiration.

 2. What are the layers of the abdominal wall?
 • Skin
 • Superficial fascia: Superficial fatty layer, Camper’s fascia, Scarpa’s fascia
 • Muscles and their aponeuroses: External oblique, internal oblique, transversus abdominis, rectus abdominis, and 
pyramidalis

 • Properitoneal fat
 • Peritoneum

 3. What are the origins and insertions of the abdominal wall muscles?
The external oblique muscle is the most superficial and largest of the three muscles in the lateral aspect of the 
abdominal wall. It arises from the lower eight ribs and interdigitates with the serratus anterior and latissimus 
dorsi muscles. It inserts on the anterior half of the iliac crest; inferiorly its aponeurosis forms the inguinal ligament 
(Poupart’s ligament), which extends from the anterosuperior iliac spine to the pubic spine. Its fascicles are directed in a 
superolateral to inferomedial direction. Its aponeurosis passes anterior to the rectus abdominis muscle.

The internal oblique muscle lies beneath the external oblique and its fibers course in an opposite direction. Originates 
from lumbodorsal fascia, anterior two thirds of iliac crest, and lateral two thirds of the inguinal ligament. The lower fibers 
join those of the transverses abdominis muscle to form the conjoined tendon, which inserts on the pubic crest and spine 
and on the iliopectineal line. The superior fibers insert as a broad aponeurosis into the linea alba and cartilages of the 
seventh to ninth ribs. Its aponeurosis splits above the arcuate line to envelope the rectus abdominis. Below the arcuate 
line it passes anterior to the rectus abdominis.

The transversus abdominis muscle is located deep to the internal oblique muscle. It is the deepest and smallest of the 
muscles of the lateral abdominal wall. It originates from the lower six ribs, lumbodorsal fascia, anterior two thirds of the 
iliac crest, and lateral third of the inguinal ligament. It inserts on the linea alba and contributes to the conjoined tendon 
that inserts on the pubic spine and iliopectineal line.

The rectus abdominis muscle is a longitudinal muscle located in the medial aspect of the abdominal wall. It arises from the 
front of the symphysis and pubic crest and inserts on the xiphoid process and cartilages of the fifth through seventh ribs.

The pyramidalis muscle is present in 80% to 90% of patients. It is a small triangular muscle that lies superficial to the rectus 
muscle. It arises from the front of the pubis and inserts on the linea alba halfway between the symphysis and umbilicus.

 4. What are the functions of the abdominal wall muscles?
The rectus muscles flex the body anteriorly and are important in climbing into and out of bed. The external and internal 
oblique muscles are important in rotating the upper body against the lower body. Trunk rotation results from the 
joint contraction of one external oblique and the contralateral internal oblique. The vertical component of the oblique 
musculature can substitute for the rectus muscles if they are absent.

 5. What fascial layer lines the entire abdominal wall?
The transversalis fascia is an internal investing fascia that lines the entire abdominal wall. It exists on the deep surface 
of the transversus abdominis fascia and is continuous from side to side deep to the linea alba. It extends into the thigh to 
form the femoral sheath. In the inguinal canal it forms the internal spermatic fascia. Internal to this layer is the peritoneum.
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 6. What is the arterial supply to the abdominal wall?
 • Superior Epigastric Artery: Terminal branch of the internal mammary artery that supplies the upper central abdominal 
skin through the upper rectus muscle

 • Thoracic and Lumbar Intercostal Arteries: Travel between the external and internal oblique muscles with direct lateral 
skin perforators

 • Deep Inferior Epigastric Artery: Branch of the external iliac artery that enters the lower rectus muscle and supplies it 
and the accompanying vertical or transverse skin paddle

 • Deep Circumflex Iliac Artery: Branch of the external iliac artery supplying the inner aspect of the ileum and skin over 
the iliac crest

 • Superficial Inferior Epigastric Artery: Branch of the femoral artery that supplies the skin and subcutaneous tissue over 
the lower abdomen

 • Superficial Circumflex Iliac Artery: Branch of the femoral artery that supplies the skin and subcutaneous tissue over 
the anterosuperior iliac spine

 • Superficial External Pudendal Artery: Branch of the femoral artery that supplies the skin and subcutaneous tissue over 
the pubis

 7. Describe the three vascular zones of the abdominal wall.
The midabdomen is supplied by the deep epigastric arcade (zone I), the lower abdomen by the external iliac artery 
(zone II), and the lateral abdomen by the intercostal, subcostal, and lumbar arteries (zone III; Fig. 91-1). After an 
abdominoplasty, the majority of the abdominal wall skin is supplied by intercostal lumbar perforating arteries of zone III.

 8. What are the venous and lymphatic drainages of the abdominal wall?
The venous drainage parallels the arterial supply to the abdominal wall. The upper abdomen is drained by the superior 
epigastric, intercostal, and axillary veins. The lower abdomen is drained by the superficial inferior epigastric, superficial 
circumflex iliac, and deep inferior epigastric veins.

The lymphatic drainage is divided by the umbilicus. Above the umbilicus, the superficial and deep lymphatics drain into 
the ipsilateral axillary and internal mammary lymph nodes, respectively.

Below the umbilicus, superficial and deep lymphatics flow into the ipsilateral inguinal and deep iliac lymph nodes, respectively.

 9. What is the motor and sensory innervation to the abdominal wall?
The nerve supply to the abdominal wall is predominantly from intercostal nerves. A neurovascular plane exists between 
the internal oblique and transversus abdominis muscles. Through this plane pass the nerves as well as intercostal 
blood vessels that supply the abdominal wall. The main trunks of the anterior cutaneous rami nerves are found in 
this neurovascular plane as they pass anteriorly to provide sensation to the overlying skin. There is slight overlap of 
the sensory dermatomes. Motor innervation of the abdominal obliques and transversalis muscles are from the lower 
thoracic and lumbar dorsal rami. Motor innervation to the rectus abdominis is from the fifth through twelfth intercostal 
nerves. The ilioinguinal and iliohypogastric nerves pass between the internal oblique and transversus abdominis 
muscles as they extend from the lateral costal margin to the pubic region. Although they do not supply innervation to 
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Figure 91-1. Vascular zones of the 
abdominal wall. Zone I, deep epigastric 
arcade; zone II, external iliac branches; 
zone III, intercostal, subcostal, and lumbar 
arteries. (Courtesy Patricio Andrades, MD, 
Clinical and Research Fellow, Division of 
Plastic Surgery and Transplant Immunology, 
Division of Plastic Surgery, University of 
Alabama at Birmingham, Birmingham, 
Alabama.)
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the abdomen, their course can be disrupted with dissection in the lateral abdomen. Loss of function results in sensory 
defects in the medial thigh and groin.

 10. Describe the mechanism by which an adynamic abdominal wall contributes to 
lumbosacral pain.
Patients with an adynamic segment of the abdominal wall as a result of ventral hernia or adynamic reconstruction 
and those with a decreased efficiency of the abdominal wall musculature from diastasis are prone to development of 
lumbodorsal back pain. The internal oblique–transversus abdominis complex fuses to the anterior and middle layers 
of the lumbodorsal fascia. Gracovetsky et al. demonstrated that contraction of these muscles tightens the lumbodorsal 
fascia, adding ligamentous support to the fixed spine and reducing the need for back muscle action with a resultant 
increase in lumbosacral disc pressure. When an adynamic or “stretched out” segment exists, the internal oblique and 
transversus abdominis are not stretched to physiologic length. This laxity prevents maximum force generation with 
contraction and weakens support by means of the lumbodorsal fascia. Toranto et al. demonstrated complete relief of 
back pain in 24 of 25 patients treated with wide rectus placation.

 11. What are the most frequent causes of abdominal wall defects?
 • Postoperative incisional hernia
 • Posttraumatic planned ventral hernia
 • Blast injury
 • Tumor resection
 • Massive infection (necrotizing fasciitis)
 • Radiation therapy
 • Congenital defects (gastroschisis, omphalocele)

 12. What are important considerations in the evaluation of abdominal wall defects?
 • Absolute versus Relative Loss of Domain: Is there an actual or absolute loss of abdominal wall tissue that may 
need to be replaced with local or distant flaps or is the defect a result of fascial dehiscence with widening from the 
unopposed lateral contractions of the oblique musculature.

 • Underlying Disease Process: Acute or chronic wound? Reconstruction can proceed either immediately as in the case 
of tumor ablation or radiation, or in delayed fashion as in the case of infection or trauma with contamination and/or 
visceral edema.

 • Wound Stability: Has the necrotic tissue and/or infected tissue been removed from the wound?
 • Gastrointestinal Fistula
 • Location of the Defect

 13. What studies aid in the evaluation of abdominal wall defects?
Computed tomographic scans and magnetic resonance imaging studies may be helpful in evaluating the extent of tumor 
invasion and the integrity of potential muscle or musculocutaneous flaps to be used in reconstruction. The vascular 
status of these flaps can be determined by color flow duplex Doppler study that combines Doppler ultrasound and 
B-mode ultrasound to produce images of blood vessels and their surroundings. A fistulogram or intestinal contrast study 
may be needed to evaluate for the presence of gastrointestinal fistulas.

 14. How are acquired abdominal wall defects managed?
Acute Traumatic Wounds: Temporizing measures such as a wound vacuum-assisted closure (VAC), Vicryl mesh, x-ray 
cassette cover, vacuum pack, and Velcro mesh (Whitman patch) provide coverage while the acute problems are addressed. 
Varying rates of secondary fascial closure have been reported, but no randomized, comparative data support one method of 
temporary closure over another.

Infection:

 • Infection limited to the skin and subcutaneous tissue, including abscesses and synergistic infections, requires 
drainage and wide débridement with preservation of the underlying muscle and fascia.

 • Infection of the abdominal wall fascia, such as necrotizing fasciitis, requires wide débridement of the involved 
fascia and overlying infected skin and subcutaneous tissue.

 • Clostridial myonecrosis involves all layers of the abdominal wall and requires full-thickness resection.

Tumor Resection: Primary tumors of the abdominal wall include desmoid tumors, sarcomas, and their malignant 
variants. There also may be primary skin malignancies, malignant degeneration of chronic scars, fistulas, and radiation 
injury. Secondary tumors result from extensions of carcinomas of the colon, bladder, gallbladder, and other visceral 
malignancies. The primary goal of treatment is definitive resection. Once the wound margins are free of tumor, definitive 
reconstruction can be performed.
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Radiation Wounds: These wounds involve an area of skin prone to ulceration or infection that does not heal. Treatment 
is wide resection and examination of the specimen for recurrence. Once the wound margins are tumor free, definitive 
reconstruction can be performed while the wound is temporarily covered with dressings or mesh.

Postoperative Defects: Abdominal wall defects after surgery include incisional hernias, parastomal hernias, planned 
ventral hernias after trauma, and those resulting from mesh-related complications. Definitive reconstruction is 
performed when the initial problem and associated complications are resolved.

 15. What are the reconstructive options?
 • Prosthetic Materials: Used for abdominal wall support
 • Skin Grafts: Most often used in cases of massive abdominal trauma. When the wound is stable, they can be removed 
by dermabrasion or excision. The hernia is repaired with mesh and/or rectus advancement techniques.

 • Local Flaps: Skin and subcutaneous flaps can be based laterally on the intercostal vessels, on perforators from the 
deep circumflex iliac artery, or on axial vessels from the superficial circumflex iliac, superior epigastric, or superficial 
external pudendal arteries. The external oblique can be used as a medially based musculofascial turnover flap or a 
laterally based musculocutaneous flap. The rectus muscle, based on either the superior epigastric or the deep inferior 
epigastric vessels, can be used as a muscle or musculocutaneous flap.

 • Regional Flaps: The tensor fascia lata and the rectus femoris muscles are most commonly used. The gracilis 
muscle is more limited in its application. It originates from the inferior pubic symphysis and inserts as a tendon on 
the upper medial tibia. The major pedicle is a branch of the profunda femoris artery located 8 to 10 cm from the 
adductor tubercle; one or two minor pedicles are located distally from the superficial femoral artery. It can be used 
as a muscle or musculocutaneous flap that reaches to the inguinal and perineal regions. The skin paddle is often 
unreliable.

 • Distant Flaps: These flaps include the omentum, extended latissimus dorsi musculofascial flap, and free flaps. Free 
tissue transfer may be necessary when the defect is large and no adequate local or regional flaps are available.

 16. What is the “components separation” technique? What size defect can be closed 
using this technique?
A significant contribution to the repair of incisional hernias was the description by Ramirez et al. of the components 
separation technique. The evolution of the components separation technique is based on early descriptions by Vasconez 
et al. of transverse rectus abdominis myocutaneous (TRAM) closure that involves separation of external and internal 
oblique musculature and release of the posterior rectus sheath. Ramirez et al. noted that the abdominal wall is formed 
by overlapping muscle layers that may be separated while preserving their innervation and blood supply, specifically, 
elevation of the external oblique off of the internal oblique while maintaining the neurovascular supply to the rectus, 
which travels in segmental fashion between the internal oblique and transversus abdominis. The rectus can then be 
released from the posterior rectus sheath. Once this is accomplished, medial advancement of a compound flap of rectus 
muscle and attached internal oblique–transversus abdominis complex. Unilateral advancement of 5 cm in the epigastric 
region, 10 cm at the umbilicus, and 3 cm in the suprapubic region were described.

The efficacy of this particular technique and modifications of the anatomic principles described by it have been 
substantiated in multiple series. Fabian et al. described a modification involving division of the internal oblique 
component of the anterior rectus sheath, which allowed for unilateral advancement of 8 to 10 cm in the epigastric area, 
10 to 15 cm in the midabdomen, and 6 to 8 cm in the suprapubic region.

A lower hernia recurrence rate, avoidance of prosthetic material, restoration of dynamic abdominal wall function, 
and improvement in back pain and postural abnormalities have been cited in the literature. Wound-related 
complications have been problematic with this technique and are related to the wide undermining required. Studies 
have demonstrated a reduction in wound-related complications with the preservation of periumbilical perforators 
(Figs. 91-2 and 91-3).

 17. Describe the concept of staged abdominal reconstruction.
When an abdominal wound is unstable as a result of contamination or if primary fascial approximation is not possible 
due to visceral edema, then temporary abdominal closure with a wound VAC, vacuum pack, or absorbable Vicryl mesh 
is indicated. Failure to perform secondary fascial approximation in a timely fashion is an indication for staged abdominal 
reconstruction. Fabian et al. described a technique that is divided into three stages. In stage I, Vicryl mesh is applied 
for visceral coverage. If fascial approximation is not able to be obtained by 2 weeks, the mesh is removed and a split-
thickness skin graft (STSG) is placed over the viscera (stage II). Six to twelve months later the skin graft is removed, and 
definitive reconstruction is performed using a modification of the component separation technique (stage III). They found 
the risk of fistula formation correlated with the duration of mesh, with a statistically significant increase in risk after 
18 days. They also found that delay in definitive reconstruction beyond 1 year leads to loss of abdominal domain and 
difficulty obtaining a tension-free repair.
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Figure 91-2. Component 
separation technique. A, External 
oblique release with separation 
of external oblique and internal 
oblique in an avascular plane. B, 
Incision and release of the posterior 
rectus sheath. C, Midline myofascial 
approximation of compound flaps 
composed of rectus abdominis 
with attached internal oblique/
transverses abdominis. (Courtesy 
Patricio Andrades, MD, Clinical 
and Research Fellow, Division of 
Plastic Surgery and Transplant 
Immunology, Division of Plastic 
Surgery, University of Alabama 
at Birmingham, Birmingham, 
Alabama.)
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Figure 91-3. Fabian modification 
of component separation technique. 
(Courtesy Patricio Andrades, MD, 
Clinical and Research Fellow, 
Division of Plastic Surgery and 
Transplant Immunology, Division 
of Plastic Surgery, University 
of Alabama at Birmingham, 
Birmingham, Alabama.)
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 18. What is the incidence of incisional hernia formation after laparotomy? What are 
commonly associated risk factors?
More than two million laparotomies are performed annually in the United States, with a reported 2% to 11% incidence 
of incisional hernia formation. It is the most common complication after laparotomy by 2:1 over bowel obstruction and is 
the most common indication for reoperation by 3:1 over adhesive small bowel obstruction. In a review of 1000 midline 
laparotomies by Condon et al., no single factor was associated with the development of incisional hernia on univariate 
analysis. On multivariate analysis, the combination of reopening and reclosure of previous incisions combined with 
wound infection influenced the development of incisional hernia.

Postoperative wound infection has been found in other studies to be associated with the development of incisional 
hernias. Obesity, aneurysmal disease, smoking, male gender, chronic obstructive pulmonary disease, malnourishment, 
malignancy, corticosteroid dependency, and prostatism are other risk factors reported in the literature.

 19. What suture material and technique are associated with the lowest rate of incisional 
hernia formation?
A meta-analysis of randomized trials comparing suture material and technique found that abdominal fascial closure 
with nonabsorbable, monofilament suture in continuous fashion had a significantly lower incisional hernia rate. In work 
that has been reinforced by others, Jenkins et al. found that a suture length to wound length ratio of 4:1 was optimal for 
fascial closure. To use this length of suture, bites should encompass 1 cm of tissue at 1-cm intervals with attention to 
simply approximate the fascia. They also found nonabsorbable suture used in continuous fashion to be the material and 
technique of choice.

 20. What is the natural history of incisional hernia formation?
The presence of an incisional hernia is an indication for repair. The linea alba serves as the midline anchor for the 
aponeurotic insertions of the rectus sheath and oblique musculature. Disruption results in gradual enlargement of 
the hernia defect due to the unopposed lateral contractions of the oblique musculature. As the defect widens, task-
dependent functions of the abdominal wall musculature are interfered with and significant physiologic derangements 
occur.

 21. What are the primary goals in abdominal hernia repair?
DiBello et al. defined several goals that the surgeon should accomplish when repairing abdominal wall hernias: 
Prevention of visceral eventration

 • Incorporation of the remaining abdominal wall in the repair
 • Provision of dynamic muscular support
 • Restoration of abdominal wall continuity in a tension-free manner

The application of these principles with an emphasis on restoration of midline myofascial continuity has led 
to a reduction in hernia recurrence rates and improved functional and cosmetic outcomes in abdominal wall 
reconstruction.

 22. What are the criteria for use of synthetic mesh?
Prosthetic material is used for structural support of the abdominal wall in a stable wound or as a temporizing measure 
in an open acute or infected wound. Mesh should meet certain criteria prior to its use. Mesh should be resistant to 
mechanical stress; it should be strong, durable, and of significant tensile strength so that it will not fragment with usage. 
It should be chemically inert; it should not be modified by tissue fluids or induce an inflammatory response. It should 
be capable of host tissue incorporation. Mesh should be tolerant to infection and capable of being reentered in the 
presence of infection or in the need for further exploratory surgery. Mesh should be easy to handle and capable of being 
fabricated into a desired shape.

 23. How has the application of mesh affected the surgical approach and outcomes in 
abdominal hernia repair?
Use of synthetic mesh in the repair of incisional hernias increased from 34% in 1987 to 65% in 1999. The American 
Hernia Society has declared that the use of mesh now represents the standard of care in incisional hernia repair.  
A multicenter, prospective randomized trial by Luijendijk et al. comparing mesh and primary suture repair of incisional 
hernias 6 cm in greatest dimension found a 46% recurrence rate in the suture repair group compared with 23% 
in the mesh repair group at 3-year follow-up. A long-term 10-year follow-up of this study by Burger et al. revealed 
a cumulative recurrence rate of 63% for the primary suture repair group compared with 32% for the mesh repair 
group. An expert panel meeting on incisional herniorrhaphy concluded that primary suture repair should be used only 
for small hernias, less than 5 cm in greatest dimension, and if the repair is oriented horizontally with nonresorbable, 
monofilament suture with a suture to wound length ratio of 4:1.
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 24. Describe the experience with prosthetic materials.
The two most commonly used prosthetic materials are polypropylene and expanded polytetrafluoroethylene (ePTFE). 
Polypropylene was first introduced in the 1950s by Usher. The large pore size of polypropylene mesh allows for 
macrophage and neutrophil infiltration providing for greater resistance to infection. Its porosity allows for better 
fibrovascular ingrowth and a reduced incidence of seroma formation.

Expanded polytetrafluoroethylene (Gore-Tex, W.L. Gore and Associates, Flagstaff, Arizona) has a microporous structure 
that minimizes cellular infiltration and tissue incorporation. Studies have shown ePTFE prosthesis to be equivalent to 
polypropylene in terms of suture retention strength. As a result of its flexibility, conforming nature, and minimal tissue 
ingrowth, ePTFE can be placed directly on bowel. The disadvantages are related to its microporous structure. The 
material is virtually impenetrable, preventing host tissue ingrowth and leading to seroma formation. Once infected, 
ePTFE requires explantation. The micropores range from 3 to 41 microns in size, which are large enough for bacteria 
(1micron) but too small for macrophages (>50 microns).

In an effort to reduce mesh-related complications and more closely duplicate abdominal wall physiology, research has 
focused on the development of composite materials that combine absorbable and nonabsorbable or barrier materials. 
Well-designed comparative studies with long-term follow-up are needed.

 25. What is the clinical course of prosthetic materials capable of incorporation?
Within 18 to 24 hours, a fibrous exudate seals the viscera from the mesh. At 5 to 10 days, there is ingrowth of 
granulation tissue into the interstices of the mesh. At 14 to 21 days, the granulation tissue is ready for skin grafting or 
flap coverage. Fabian et al. demonstrated a statistically significant reduction in enteroatmospheric fistula formation with 
skin grafting of open abdominal wounds prior to 18 days after mesh placement.

 26. Describe the technique for prosthetic material placement during abdominal wall 
reconstruction.
Several methods of securing the mesh to the fascia have been described; the most common are mesh onlay, mesh 
inlay, retrorectus placement, and intraperitoneal underlay. The retrorectus technique popularized by Rives and Stoppa 
and the intraperitoneal underlay technique have become popular and are associated with the lowest recurrence rates. 
Recurrence after mesh repair is rarely due to an intrinsic failure in the prosthetic material. Failure to identify healthy 
fascia and technical error in securing the mesh to the fascia commonly lead to recurrence at the mesh–fascia interface.

Retrorectus and intraperitoneal underlay techniques involve placement of the mesh beneath the abdominal wall. When 
possible, omentum should be interposed between the mesh and the viscera. It is generally recommended to place the 
mesh with at least 4 cm of contact between the mesh and the fascia. This allows for a distribution of pressure over a 
wider area (Pascal’s principle), and the pressure-induced apposition promotes fibrous ingrowth at the mesh–fascial 
interface. It has also been experimentally demonstrated that polypropylene (Prolene) may shrink up to 30% after 
implantation. By placing the mesh beneath the abdominal wall, the repair is bolstered by the anterior abdominal wall, 
providing for a more secure and physiologic repair. Recurrence rates of less than 5% have been reported with these 
techniques (Fig. 91-4).

 27. What are the advantages and disadvantages of using bioprosthetics in abdominal 
wall reconstruction?
Concern regarding mesh-related complications, such as infection, extrusion, abdominal wall stiffness, pain, and fistula 
formation, has led to the search for more biocompatible prosthetic materials. Advances in tissue engineering technology 
have led to the development of biomaterials derived from human and animal tissues. Materials such as human acellular 
dermis (AlloDerm, LifeCell, Branchburg, New Jersey), porcine acellular dermis (Permacol Tissue Science Laboratories, 
Covington, Georgia), and porcine small intestinal submucosa (Surgisis, Cook Surgical Incorporated, Bloomington, 
Indiana) are the most commonly used biomaterials. These materials consist of an acellular collagen matrix that 
promotes host tissue remodeling while maintaining mechanical integrity. They differ in that they heal by a regenerative 
process rather than by scar tissue formation. They have demonstrated resistance to infection, biocompatibility, tolerance 
to cutaneous exposure, and mechanical stability when used in incisional hernia repair. Disadvantages are their high cost 
and the lack of long-term follow-up studies validating their use.

 28. What is gas gangrene of the abdominal wall? How do you differentiate it from 
anaerobic clostridial cellulitis?
Gas gangrene, or clostridial myonecrosis, is a rare but highly lethal postoperative complication that requires early 
recognition and prompt surgical débridement of all involved layers of the abdominal wall. Clinical signs include wound 
swelling, tenderness, drainage, discoloration that changes from pink to magenta within a few hours, and usually a small 
amount of crepitation. The patient is toxic out of proportion to the temperature elevation, with signs of tachycardia and 
hypotension. The wound culture is polymicrobial with at least one species of Clostridium, usually C. oedematiens or 
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C. septicum. The most important exotoxin is lecithinase. The main difference between anaerobic clostridial cellulitis 
and clostridial myonecrosis is the relationship of gas to the signs of toxicity; a small amount of gas with severe toxicity 
usually represents clostridial myonecrosis.

 29. What are the most important congenital defects of the abdominal wall?
Omphalocele and gastroschisis.

 30. What is an omphalocele? What causes it?
An omphalocele is a developmental anomaly of the abdominal wall that occurs in 1: 3200 to 1:10,000 live births, often 
in association with sternal or diaphragmatic abnormalities, heart defects, or extrophy of the bladder. Large defects, often 
associated with syndromes, have a high mortality rate. An omphalocele results from failure of the four folds of the abdominal 
wall (endoderm, ectoderm, inner splanchnic, outer somatic mesoderm) to fuse at the umbilical ring. The sac (yolk sac) of 
amnion and chorion that covers the eviscerated mass commonly contains the liver and midgut. The defect develops during 
the extracolemic phase, between the sixth and twelfth weeks of intrauterine life, when the entire midgut passes out of the 
abdomen and into the yolk sac. After a period of linear growth, the bowel rotates 270° counterclockwise around the superior 
mesenteric vascular axis before returning to the abdomen. Defects range from those limited to the umbilicus to those 
extending from the xiphoid to the pubis. The umbilical cord attachment is most often at the apex of the sac.

 31. What is gastroschisis?
A gastroschisis is a full-thickness defect of the abdominal wall that occurs lateral to the umbilical ring (usually to the 
right) with the umbilical cord attached at the normal position. A variable amount of intestine and occasionally parts of 
other abdominal organs are herniated outside the abdominal wall with no covering membrane or sac. It likely is the 
result of an abdominal wall ischemic event. Most of the morbidity is the result of in utero bowel injury.

 32. Besides the physical findings of the abdominal wall, what characteristics do patients 
with gastroschisis have in common?
Nonrotation of the bowel, abnormally short midgut, and small peritoneal cavity.

A
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C

Figure 91-4. Mesh positions. 
A, Onlay technique. B, Inlay technique. 
C, Retrorectus underlay technique. 
(Courtesy Patricio Andrades, MD, 
Clinical and Research Fellow, Division 
of Plastic Surgery and Transplant 
Immunology, Division of Plastic 
Surgery, University of Alabama at 
Birmingham, Birmingham, Alabama.)
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 33. How does gastroschisis differ from omphalocele?
A gastroschisis differs from an omphalocele in that it lacks a covering sac, and it is rare to see liver or other organs in 
the defect. The intestines usually are thickened, matted, and shortened because of prolonged contact with the amniotic 
fluid. Umbilical cord insertion is normal. The abdominal wall defect is lateral to the umbilicus, usually on the right side 
where the umbilical vein has resorbed, leaving it structurally weaker. The long-term outcome in gastroschisis is mainly 
related to the degree of associated intestinal injury, whereas the long-term outcome in omphalocele is primarily related 
to the severity of associated anomalies.

 34. What is the treatment of patients with gastroschisis or omphalocele?
Primary closure, if it does not produce dangerously high intraabdominal pressure. Otherwise, staged procedures are 
indicated. Silon (Silastic-coated Dacron), polyethylene, or Teflon sheets are sutured to the edges of the fascial defect, 
and the viscera are gradually returned into the abdomen as the abdominal wall becomes more compliant and the cavity 
enlarges. If necessary, local or regional flaps are used.

 35. What is “prune belly” syndrome?
Prune belly syndrome, also known as triad syndrome or Eagle-Barrett syndrome, consists of a triad of anomalies found 
almost exclusively in newborn boys: (1) absent or hypoplastic abdominal wall musculature, (2) bilateral cryptorchidism, 
and (3) dilation of the urinary tract. On physical examination, the muscular deficiency may be limited to one area, 
ranging from complete absence of muscle to the presence of all muscles as thin but recognizable structures. Complete 
absence of lower rectus muscles is most common. The abdomen appears as wrinkled or flabby, much like a prune, 
because of the weakened abdominal wall. As the child grows, the body contour resembles a pear or pot belly more than 
a prune. Children are often subject to respiratory complications due to impaired diaphragmatic motion and scoliosis due 
to the absence of the abdominal support mechanism. Reports describe the use of tensor fascia lata and rectus femoris 
muscle flaps to strengthen the abdominal wall.

 36. What are the options for lower abdominal wall reconstruction?
 • Tensor fascia lata musculofascial flap
 • Rectus femoris musculofascial flap
 • External oblique muscle and aponeurosis
 • Inferiorly based rectus abdominis flap with or without anterior rectus sheath and overlying skin paddle
 • Groin flap

 37. What are the options for upper abdominal wall reconstruction?
 • Superiorly based rectus with or without rectus sheath and overlying skin paddle
 • External oblique muscle and aponeurosis
 • Thoracoepigastric flap
 • Extended latissimus dorsi musculofascial flap with pregluteal and lumbosacral fascia; also can be used for large or 
ipsilateral abdominal defects; for added length and mobility the latissimus muscle can be detached from its humeral 
insertion

 38. What is commonly described as the “flap of choice” for abdominal wall reconstruction?
The tensor fascia lata is an ideal reconstructive option for abdominal wall defects. A dense, strong sheet of vascularized 
fascia and overlying skin can be transferred as a single unit in a single stage with minimal donor deficit. It is useful in 
irradiated and contaminated fields. Protective sensation can be maintained by inclusion of the lateral femoral cutaneous 
nerve (T12), and voluntary control is provided by the descending branch of the superior gluteal nerve. Flaps wider than 
8 cm usually require skin grafting of the donor site; narrower flaps can be closed primarily. There is a tremendous 
disparity between the small size of the tensor muscle, originating from the greater trochanter, and the surrounding 
tensor fascia lata flap. The cutaneous paddle is reliable to approximately 5 to 8 cm above the knee; the distal portion 
is essentially a random pattern flap supplied largely by cutaneous perforators from the vastus lateralis muscle. The 
dominant pedicle, the lateral femoral circumflex femoral vessels arising from the profunda femoris, pierces the medial 
aspect of the flap 8 to 10 cm below the anterosuperior iliac spine. The arc of rotation allows the tip of the flap to reach 
the ipsilateral lower chest wall and xiphoid, especially in the thin patient. The flap can be used to resurface the entire 
suprapubic region, lower abdominal quadrants, or ipsilateral abdomen.

 39. What is the role of the rectus femoris in abdominal wall reconstruction?
The rectus femoris is an excellent flap for reconstruction of the ipsilateral or lower abdominal wall. For extensive 
defects, a larger cutaneous paddle can be incorporated with the adjacent fascia lata in the musculocutaneous flap. 
The tip of the flap reaches a point midway between the umbilicus and the xiphoid. The flap is supplied by the lateral 
femoral circumflex vessels. It also can cover the entire suprapubic region and extend to the contralateral anterosuperior 
iliac spine. After transposition, the vastus lateralis and vastus medialis are approximated to prevent a functional deficit 
resulting in loss of the terminal 15° of knee extension.
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 40. What is the “mutton chop” flap?
Described by Dibbell et al., the mutton chop flap or extended rectus femoris myocutaneous flap allows for 
reconstruction of large full-thickness abdominal wall defects, including the epigastrium, without prosthetic material 
(Fig. 91-5).

 41. What is the role of the omentum in abdominal wall reconstruction?
The omentum, a double layer of fused peritoneum arising from the greater curvature of the stomach, is supplied by the 
right and left gastroepiploic arteries. This flap can cover the entire abdominal wall and perineal areas. It can be used 
with mesh and provides a good bed for a skin graft.

 42. What is the role of tissue expansion in abdominal wall reconstruction?
Tissue expansion is a reconstructive option that has been used in congenital abdominal wall defects for extensive 
soft tissue defects. Expanders can be placed between the external oblique and internal oblique muscles to create an 
enlarged external oblique musculocutaneous flap and to allow greater mobilization with rectus advancement techniques.

 43. What is the incidence of herniation following TRAM flaps?
Kroll et al. reported using mesh in 21.4% of free TRAM flaps and in 45% of conventional TRAM flaps. The incidence of 
lower abdominal wall laxity following conventional TRAM flaps ranged from 0.2% to 16% and was lower in free TRAM 
flaps (1.0% to 5.0%). There was no difference in abdominal wall strength, based on ability to perform sit-ups, in patients 
who had a pedicled or free TRAM flap in age-matched controls.
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ReconstRuction of the PosteRioR tRunk 92

 1. What are the most common reconstructive problems of the posterior trunk?
Defects following oncologic resection, spinal pressure sores, radiation necrosis wounds, infections following spinal 
surgery (with or without hardware), traumatic wounds, and spina bifida.

 2. What types of flaps can be used for coverage of posterior trunk defects?
Advancement, rotation, island, unipedicled, bipedicled, turnover, reverse turnover, and/or free flaps. Skin grafts should be 
used only for non–weight-bearing areas; they usually leave a contour deformity. Free tissue transfer is rarely necessary 
because of the availability of local muscle flaps.

 3. Describe the principles of wound management prior to reconstructive surgery of the 
posterior trunk.
Basic wound management principles should be followed. Necrotic or infected tissue should be débrided, on a repeated 
basis if necessary, until a clean wound base of viable tissue is achieved. Antibiotic-impregnated beads can be used 
between operative débridements, a practice popular among orthopedic surgeons, especially when hardware is exposed. 
Also commonly used is negative-pressure wound therapy, which promotes granulation with fewer dressing changes.

 4. Which factors impact the surgeon’s choice of flap when approaching a posterior 
trunk defect?
Depth of the Wound: Superficial wounds are treated by advancement or rotation of local muscle or musculocutaneous 
flaps with or without local cutaneous advancement flaps. Deep wounds are treated with rotation or turnover of 
paraspinal muscle flaps, with overlying coverage as described for superficial wounds. Alternatively, two regional muscle 
units can be used, such as a combination of trapezius and latissimus dorsi muscle flaps.

Width of the Wound: Every effort should be made to deliver well-vascularized tissue with enough bulk to obliterate all 
dead space. The latissimus dorsi muscle supplies most bulk, whereas the paraspinal muscles are more appropriate for 
smaller wounds. The trapezius muscle provides medium bulk.

Pedicle Location: The flap pedicle ideally should be outside the zone of injury, whether due to trauma, resection,  
or radiation therapy. Flap planning should consider the possibility that certain pedicles may be unavailable, the most 
important being those derived from the subscapular system (Fig. 92-1). Prior radiation may preclude the use of reverse 
turnover flaps, which rely on secondary segmental paravertebral perforators, depending on the extent of local radiation 
effect.

 5. What are the functional goals of posterior trunk reconstruction?
Maintenance of neural continuity, control of cerebrospinal fluid leakage, spinal skeletal stability, integrity of the chest 
wall, obliteration of dead space, control of infection, and coverage of hardware.

 6. In what ways do defects of the posterior trunk differ from those of the anterior chest 
wall?
Bony stability is less critical because the scapula and layered muscles usually provide adequate support for the 
respiratory function of the thoracic cage. In addition, more muscles are available for transfer and wound coverage.

ANATOMY OF POSTERIOR TRUNK FLAPS

 7. How are the scapular and parascapular flaps designed? Which vascular axis supplies 
these flaps?
The circumflex scapular artery, a branch of the subscapular artery, divides into a transverse branch, which supplies 
the scapular flap, and a descending branch, which supplies the parascapular flap (see Fig. 92-1). Both of these are 
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fasciocutaneous flaps, with arcs of rotation that allow coverage of defects of the superolateral posterior trunk, shoulder, 
axilla, and lateral chest wall. The scapular flap is oriented horizontally from the triangular space to a point midway 
between the medial border of the scapula and the spine. The parascapular flap is oriented vertically, from the triangular 
space to a point midway between the tip of the scapula and the iliac crest. A variant of the parascapular flap is the 
inframammary extended circumflex scapular (IMECS) flap, in which the axis of the flap is rotated anteriorly, across the 
lateral chest and into the inframammary fold. Based on radial branches of the descending branch of the circumflex 
scapular artery, the donor scar of this flap is less noticeable.

 8. Define the triangular space.
The circumflex scapular artery and venae comitans exit through the triangular space to supply the fasciocutaneous 
flaps described above. This space is palpable approximately 2 cm above the posterior axillary crease. It is bordered 
superiorly by the teres minor, inferiorly by the teres major, and laterally by the long head of the triceps (see Fig. 92-1). 
As the circumflex scapular artery is a branch of the subscapular artery, dissecting proximally in the triangular space can 
increase flap pedicle length and diameter.

 9. Describe the functional anatomy of the trapezius muscle.
The trapezius is a flat, triangular muscle with a broad-based origin (Table 92-1 and Fig. 92-2). The upper third of the 
muscle is supplied by branches of the occipital artery, the middle third by the superficial branch of the transverse 
cervical artery (also called the superficial cervical artery), and the lower third by the descending or deep branch of 
the transverse cervical artery (also called the dorsal scapular artery) and secondary segmental intercostal perforators. 
Minimal functional deficit results from harvest of the lower trapezius muscle below the scapular spine.

 10. Describe the functional anatomy of the latissimus dorsi muscle.
The latissimus dorsi is also a flat, triangular muscle, but it is larger than the trapezius muscle (see Table 92-1 and  
Fig. 92-2). Loss of function generally does not result in significant morbidity. The latissimus dorsi has a Mathes-Nahai 
type V blood supply, with a dominant pedicle (thoracodorsal branch of the subscapular artery) and secondary segmental 
pedicles (posterior intercostal and lumbar artery perforators). The most reliable skin territory lies over the proximal two 
thirds of the muscle. In most patients the pedicle divides into an upper branch, which courses medially and horizontally, 

Circumflex scapular a.

A

Teres minor

Triceps (long head)

Latissimus dorsi

Thoracodorsal a.

Serratus br.

Teres major

Subscapular a.

B

Figure 92-1. The circumflex 
scapular artery emerges from the 
triangular space (shaded red), 
between teres major, teres minor, 
and the long head of triceps. 
Transverse and descending 
branches supply the scapular  
(A) and parascapular (B) flaps.  
The thoracodorsal artery arises 
from the subscapular artery deep 
to the triangular space and supplies 
the latissimus dorsi. The preferred 
recipient site for microvascular 
anastomosis is proximal to the 
serratus branch (asterisk), which 
can supply the latissimus dorsi 
with retrograde blood flow via 
intercostals. (Copyright MSKCC 
2006.)
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and a lateral branch, which courses laterally and inferiorly. Harvest of a portion of the latissimus dorsi is possible based 
on one of these branches. Previous surgery in the axilla, which may have caused interruption of the thoracodorsal artery, 
does not necessarily preclude use of the latissimus dorsi, as retrograde profusion is possible via the serratus branch of 
the thoracodorsal artery.

11. Can the latissimus dorsi musculocutaneous flap design be modified into a perforator 
flap? How?
With the thoracodorsal artery perforator (TDAP) flap, the latissimus dorsi muscle is preserved and its anterolateral skin 
territory harvested based on a single musculocutaneous perforator. Although significant donor site morbidity is not seen 
following latissimus dorsi muscle transfer, this design limits flap bulk and donor site contour deformity. Most perforators exit 
the muscle along the course of the descending branch of the thoracodorsal artery or curve around the anterior border of 
the muscle; therefore dissection usually is begun anteroinferiorly. The lateral edge of the muscle is identified, and dissection 
proceeds posterosuperiorly in the suprafascial plane. Once a suitable perforator is chosen, it is dissected by splitting the 
muscle and is harvested with the thoracodorsal pedicle. Care should be taken to preserve the thoracodorsal motor nerve. 
A pedicled TDAP flap requires a larger split in the muscle to pass the flap through. A vertically designed flap can reach the 
elbow, neck, shoulder, axilla, and upper back. The horizontal flap usually is used for partial breast reconstruction.

Figure 92-2. Posterior trunk flap options: (1) Trapezius flap, (2) distal trapezius reverse turnover flap, (3) latissimus dorsi flap, (4) reverse 
turnover latissimus dorsi flap, (5) superior gluteal flap, (6) inferior gluteal flap. (Copyright MSKCC 2006.)

Table 92-1. Functional Anatomy of Common Muscle Flaps of the Posterior Trunk

FLAP ORIGIN INSERTION FUNCTION NERVE ARTERY

Trapezius C/T vertebrae Scapula, 
clavicle

Shoulder 
elevation

Cranial  
nerve XI

Occipital, TCA 
(SCA, DSA)

Latissimus 
dorsi

L/S vertebrae, 
SI crest

Humerus Adduction, 
extension, 
internal rotation

Thoracodorsal TDA

Gluteus 
maximus

Ilium, sacrum, 
coccyx

Greater 
trochanter, TFL

Extension, 
lateral rotation

Inferior gluteal Superior and 
inferior gluteal

C/T, Cervical and thoracic; DSA, dorsal scapular artery; L/S, lumbar and sacral; SCA, superficial cervical artery; SI, sacroiliac; TCA, 
transverse cervical artery; TDA, thoracodorsal artery; TFL, tensor fascia lata.
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12. What is the relevant anatomy when transferring paraspinal muscle flaps?
Narrow deep “gutters” of paraspinal musculature border the thoracic, lumbar, and sacral spine. These muscles have 
segmental blood supply, derived from dorsal branches of the aorta, and have a limited arc of rotation. Bilateral turnover 
flaps are useful for small, deep wounds, or as a deep layer when other muscles are transferred for superficial coverage. 
Flap elevation is achieved by incising the paravertebral fascia approximately 2 to 3 cm from the spinous processes 
along the length of the muscle, after which the lateral edge of muscle is mobilized. The medial cut edges of bilateral 
paravertebral fasciae are then sutured together in the midline.

13. Describe the functional anatomy of the gluteus maximus muscle.
This thick, parallelogram-shaped muscle has a Mathes-Nahai type III blood supply with two dominant pedicles (superior 
and inferior gluteal arteries; see Table 92-1 and Fig. 92-2). Harvest of the entire muscle results in significant functional 
deficit; however, the superior or inferior half can be harvested based on either the superior or inferior gluteal artery, 
respectively, with preservation of function. In cases of sacral radiation necrosis, this muscle can be used safely because 
the pedicles are deep and 5 cm lateral to the sacral origin of the muscle.

14. Can the gluteus maximus muscle flap design be modified into a perforator flap? How?
The gluteus maximus can be harvested as a perforator flap by dissecting the largest cutaneous perforator of either the 
superior gluteal artery perforator (SGAP) or inferior gluteal artery perforator (IGAP) through the muscle until adequate 
pedicle length and/or diameter are obtained. The flap can then be harvested for free tissue transfer or rotated for local 
coverage. The SGAP flap is a good choice for sacral wound coverage because it provides good bulk with little donor site 
morbidity. It can be rotated 90° to 180° without flap compromise.

15. Name some less commonly used flaps for posterior trunk reconstruction.
The omentum can be transferred, based on the right or left gastroepiploic artery, for coverage of lumbar defects. After 
dividing its attachments to the transverse colon, either the left or right gastroepiploic artery is ligated (depending on 
defect location), attachments to the greater curvature of the stomach are divided, and thus the arc of rotation is greatly 
lengthened. A tunnel is created through the retroperitoneum and lumbar fascia, and the flap is transferred and covered 
with bilateral cutaneous advancement flaps.

The intercostal muscle flap, based on any posterior intercostal artery (and its lateral cutaneous branch when a 
musculocutaneous flap is required), can be rotated to all thirds of the posterior trunk for coverage of small defects. The 
lateral cutaneous branches are variable in location, flap dissection is difficult with risk of pedicle injury, and the muscle 
is small, making this flap of limited utility.

REGIONAL APPROACH TO POSTERIOR TRUNK DEFECTS

16. How should the posterior trunk be approached when considering reconstructive 
options?
Conceptually, the posterior trunk should be divided into upper, middle, and lower thirds. The cervical spine and sacrum 
are considered separately, as defects of the former are rare, and defects of the latter are considered in the context 
of pressure sore management. Defects of the shoulder, axilla, and lateral chest wall also are considered separately. 
In principle, the regional approach is like that used for lower extremity wounds. Each third has specific muscle flap 
options that are best suited for coverage of that part of the posterior trunk (see Fig. 92-2). All flaps described here 
can be transferred as muscle flaps or musculocutaneous flaps. In the latter, primary closure of the donor site may 
require the use of skin grafts depending on the patient’s body habitus, skin laxity, and flap size requirements.

17. Outline the regional approach to posterior trunk reconstruction.
 • Deep Wounds: (1) Paraspinal turnover and superficial muscle flaps or (2) two superficial flaps (e.g., trapezius and 
latissimus dorsi)

 • Cervical Spine: Lower trapezius flaps
 • Upper Thoracic: (1) Lower trapezius (including reverse turnover) and/or (2) latissimus dorsi flaps
 • Midthoracic: (1) Latissimus dorsi (including reverse turnover) and/or (2) lower trapezius flaps
 • Lower Thoracic: Latissimus dorsi (including reverse turnover) flapsw
 • Lumbosacral: Latissimus dorsi (including reverse turnover), gluteus maximus (including SGAP), omentum, latissimus 
dorsi, or trapezius flaps with vein extension

18. What are the options for coverage of cervical defects?
The lower trapezius flap, based on the descending or deep branch of the transverse cervical artery (also called the 
dorsal scapular artery), can be rotated, turned over, or transferred as an island flap for coverage of the posterior cervical 
spine. This flap can be used reliably for coverage of the dura, spinal hardware, or exposed hardware even in the setting 
of prior radiation.
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19. Which flaps should be considered for coverage of upper thoracic defects?
The trapezius flap, as described in Question 18, is best for smaller wounds. The lower trapezius muscle can be considered a 
Mathes-Nahai type V muscle with a dominant pedicle (dorsal scapular artery) and secondary segmental pedicles (posterior 
intercostal perforators). Thus for upper thoracic defects, it can also be transferred as a “reverse turnover” flap based on 
secondary segmental vessels, much like the latissimus dorsi and pectoralis major reverse turnover flaps.

The latissimus dorsi flap, based on the thoracodorsal artery, also can be rotated, turned over, or transferred as an island 
flap for medium-size defects. Large or deep defects may require a combination of trapezius, latissimus dorsi, and/or 
paraspinal muscle flaps.

20. Name the flaps available for coverage of midthoracic defects.
The lower trapezius flap works well for smaller wounds and the latissimus dorsi for larger wounds. In this area, the 
latissimus dorsi can be transferred as a reverse turnover flap based on secondary segmental posterior intercostal and/or 
lumbar artery perforators. Large, deep wounds may require the addition of paraspinal muscle flaps or a combination of 
trapezius and latissimus dorsi flaps.

21. Describe flap options for lower thoracic and lumbosacral defects.
The latissimus dorsi can be rotated or advanced with or without a thoracolumbar fasciocutaneous extension. Because 
this cutaneous territory has a random blood supply, it should be used only in patients with optimal vascular profiles. It 
also can be used as a reverse turnover flap. Gluteus maximus muscle or musculocutaneous flaps, based on the superior 
gluteal artery, can be advanced alone or as a latissimus dorsi/gluteus maximus composite flap. This composite flap is 
ideal for coverage of meningomyelocele defects (see Question 24). More recently, the S-GAP flap, which preserves the 
gluteus maximus muscle but requires intramuscular perforator dissection, has been described (see Question 14). Use of 
the omentum, as described in Question 15, is also possible.

22. Are free flaps ever necessary for posterior trunk reconstruction? What are the options?
When local muscles are not available because of extensive trauma or resection or when flap pedicles are compromised by 
radiation, trauma, or scarring from previous surgery, free tissue transfer is appropriate. The dorsal branch of the fourth lumbar 
artery is a useful recipient vessel and is found between the third and fourth lumbar vertebrae at the lateral border of the 
sacrospinalis muscle. It has a diameter of 1.3 mm. Other recipient vessels include the superior gluteal and intercostal vessels.

Virtually any free flap could be used if appropriate for a given defect, and the reader is referred to Mathes and Nahai’s 
classic text Reconstructive Surgery for detailed descriptions of most free flaps available and an excellent discussion of 
options for posterior trunk free flap reconstruction.

The latissimus dorsi and lower trapezius muscle flap pedicles can be extended with vein grafts to increase the arc of rotation 
for coverage of more distant sites such as the thoracolumbar spine and sacrum. These muscles can also be used as free flaps.

SPINA BIFIDA

23. Name the four types of spina bifida.
 • Meningocele: Cystic herniation of intact meninges, neurologically intact
 • Meningomyelocele: Cystic herniation of meninges and neural tissue, motor and sensory deficit; most common form
 • Syringomyelocele: Similar to meningomyelocele, with dilated central cord canal; rare
 • Myelocele: Exposed neural elements without meningeal/cutaneous coverage, high fatality; rare

24. Which flaps can be used for coverage of spina bifida defects?
Wide undermining and mobilization of large bilateral cutaneous advancement flaps is successful in most cases. Lateral relaxing 
incisions may be required for larger defects, creating bipedicled flaps that necessitate skin grafting of the resultant lateral defects. 
Composite muscle or musculocutaneous latissimus dorsi and gluteus maximus flaps can be used as described in Question 21.

BiBliography

Disa JJ, Smith AW, Bilsky MH: Management of radiated reoperative wounds of the cervicothoracic spine: The role of the trapezius turnover 
flap. Ann Plast Surg 47:394–397, 2001.

Mathes SJ, Nahai F: Reconstructive Surgery. New York, Churchill Livingstone, 1997.
Ramasastry SS, Schlechter B, Cohen M: Reconstruction of posterior trunk defects. Clin Plast Surg 22:167–185, 1995.
Roche NA, Van Lunduyt K, Blondeel PN, et al: The use of pedicled perforator flaps for reconstruction of lumbosacral defects. Ann Plast Surg 

45:7–14, 2000.
Siebert JW, Longaker MT, Angrigiani C: The inframammary extended circumflex scapular flap: An aesthetic improvement of the  parascapular 

flap. Plast Reconstr Surg 99:70–77, 1997.
Van Landuyt K, Hamdi M: Thoracodorsal artery perforator flap. In Blondeel PN, Morris SF, Hallock GG, Neligan PC (eds): Perforator Flaps. St. 

Louis, Quality Medical Publishing, 2006, pp 441–459.



610

93 Ch
ap

te
r

R. Jobe Fix, MD, and
Tad R. Heinz, MD, FACS

ReconstRuction of the LoweR  
extRemity

 1. How does a plastic surgeon become involved in lower extremity reconstruction?
Many vascular, surgical, oncologic, and orthopedic wounds benefit from plastic surgical consultation and intervention 
because of large soft tissue defects and/or combined vascularized bone graft and soft tissue requirements.

 2. What types of pathology may require lower extremity reconstruction?
Open fractures of the distal tibia, chronic wounds of the distal third of the leg, unstable scars, defects from sarcoma 
resections, diabetic ulcers, radiation wounds, osteomyelitis of the tibia, and wounds resulting from ischemia of the lower 
extremity often require reconstruction.

 3. What are common coverage methods for the thigh?
 • Local rotation or advancement flaps of the thigh muscles, with or without skin grafts, in particular, the gracilis, vastus 
lateralis, and tensor fascia lata (TFL) flaps.

 • Fasciocutaneous flaps such as the medial thigh, lateral posterior thigh, anterior lateral thigh, or rectus femoris 
fasciocutaneous flap.

 • More distant flaps such as the rectus abdominis based on the deep inferior epigastric artery and vein.

 4. What are the alternatives and considerations for soft tissue coverage of the knee?
Muscle flaps, fasciocutaneous flaps, and free tissue transfer are useful for knee coverage. The gastrocnemius muscle flap 
is readily available for knee coverage; however, it does not reliably cross the midline to the contralateral aspect of the knee 
or to the superior aspect of the knee. The distally based vastus lateralis has been described; however, partial necrosis is 
a frequent occurrence. The saphenous fasciocutaneous flap as described by Walton and Bunkis is useful if available. For 
extensive defects covering the entire surface of the knee, free tissue transfer of a large fasciocutaneous flap or muscle flap 
is the most reliable. A microdissected wraparound deep inferior epigastric perforator (DIEP) flap can be considered.

 5. What is appropriate soft tissue coverage for the proximal tibia?
Local muscle flaps include the medial gastrocnemius and lateral gastrocnemius, which usually is shorter than 
the medial gastrocnemius. Fasciocutaneous flaps include the saphenous flap, a distally based medial or lateral 
fasciocutaneous flap, or a combination of a gastrocnemius flap with a proximally or distally based fasciocutaneous flap. 
Free flaps are indicated when the local soft tissue injury contraindicates the use of local muscle or fasciocutaneous 
flaps and the area is extensive.

 6. What are appropriate choices of soft tissue coverage of the mid-tibial region?
For small defects a turnover flap of the anterior tibialis muscle may be useful. However, most defects are larger and may 
require the soleus muscle, which is readily available and transposes well over this area. Fasciocutaneous flaps from the 
lateral or medial leg, based distally or proximally, are useful. Of course, free flaps are appropriate when local soft tissue 
coverage is not available or the defect is extensive.

 7. What local coverage is available for ankle or distal tibial exposure?
Small defects of the ankle less than 4 cm2 can be covered by the extensor brevis muscle flap, slightly larger defects 
by the lateral supramalleolar flap, and somewhat larger defects by the dorsalis pedis fasciocutaneous flap. These 
flaps require a blood supply not compromised by the injury. The distally based soleus flap has been used but has a 
high incidence of partial necrosis. Distally based fasciocutaneous flaps (based laterally or medially), including the sural 
neurocutaneous flap, can be safely used, with demonstration of comparable perforators at the respective base of the flap.

 8. What factors increase the complication rate for sural flaps?
The sural flap has become a workhorse for coverage of the ankle and foot. However, comorbidities of diabetes mellitus, 
arteriosclerosis, venous insufficiency, and vasculitis as well as a tight subcutaneous tunnel and underlying osteomyelitis 
may increase the risk of sural flap failure.
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 9. What are common coverage methods for wounds of the foot?
The sural artery flap and lateral supramalleolar flap may be of benefit for small; or moderate-size wounds of the 
ankle and proximal foot. Other local flaps include the instep flap based on the medial branch of the plantar artery, V-Y 
advancement flaps, toe fillet flaps, and local fasciocutaneous flaps are helpful for coverage of small- to moderate-size 
wounds. Extensive wounds and global injury to the foot and ankle area may indicate free flap coverage. Several small 
muscle flaps such as the flexor hallucis and abductor hallucis brevis are available but rarely are of practical use given 
the frequent global injury to the foot and ankle area.

 10. Why are the wounds of the distal leg so problematic for coverage?
The distal portion of the leg has poor skin elasticity, frequent severe edema, and osseous structures that lie in the 
subcutaneous tissue and are quite vulnerable. Such wounds also have a high rate of osteomyelitis, which often results 
in amputation. The distal third of the leg has significant tendinous structures that take skin grafts poorly. Finally, the 
foot and ankle require good flap durability because they are so frequently exposed to friction and shear by walking and 
footwear.

 11. What are the indications for free tissue transfer to cover the distal lower extremity?
Indications for free tissue transfer include large or circumferential defects exposing fractures, open joints, or the Achilles 
tendon; incisions or soft tissue trauma that compromises the lateral or medial fasciocutaneous areas; and compromise 
of the distal arterial flow, which may prevent the use of lateral supramalleolar or dorsalis pedis flaps.

 12. List absolute indications for flap coverage of the lower extremity.
Exposed bypass grafts, open fractures, and tendon and nerve exposure.

13. What are the six angiosomes of the foot and ankle region?
 • Three branches of the posterior tibial artery:

 • Medial, calcaneal artery—Heel
 • Medial plantar artery—Instep
 • Lateral plantar artery—Lateral plantar and plantar forefoot

 • Two branches of the perineal artery:
 • Anterior perforating artery—Anterior lateral ankle
 • Lateral calcaneal branch—Plantar and lateral heel

 • Anterior tibial artery—Dorsum of the foot

 14. What is the significance of the angiosome territories?
Knowledge of the angiosomes and the associated choke vessels is used to provide optimal blood supply to skin flaps, 
amputations, and incisions.

 15. What are special considerations for plantar foot coverage?
Probably the foremost problem in coverage of the plantar foot is the ability of the transferred tissue to tolerate the shear 
forces involved in walking. Interface problems between the native plantar glabrous skin and the transferred skin are 
common. Durability, the need to cover fusion or any other osseous work, and the lack of sensation in the transferred 
tissue also are important. Any insensate tissue transferred is at significant risk for breakdown.

 16. What is the most appropriate source of free tissue transfer for coverage of extensive 
plantar foot defects?
The jury is still out. May et al. presented convincing evidence for the use of muscle flaps with skin grafts; however, 
fasciocutaneous flaps have been used as effectively. Probably the most important criteria are (1) a familiar flap with an 
adequate pedicle length of sufficient caliber, (2) a flap that is well tailored to the defect and not excessively thick, (3) muscle 
flaps to cover deep or irregular defects, and (4) skin flaps for resurfacing superficial degloving tissue defects. Abnormally 
high pressure points in the plantar surface lead to recurrent breakdowns after reconstruction. Bony abnormalities should be 
corrected. The patient should be educated about meticulous foot care, and orthotics should be provided.

 17. How can abnormal weight-bearing in the neuropathic foot be corrected?
Bone spurs and joint dislocation can and must be corrected. For ulceration of the fifth metatarsal head, resection 
through the metatarsal neck is recommended. The first metatarsal head is débrided only if it is involved in the ulcer 
base. More commonly the medial or lateral sesamoid bone needs to be removed in the base of the first metatarsal head 
ulcer. For the second, third, and fourth metatarsal heads, a metatarsal neck osteotomy should be performed. Midfoot 
bony prominences may require judicious resection around the areas of the metatarsal bases, cuneiform, or navicular 
bones. Limited midfoot fusions should be considered. Orthotics may be useful to shift weight away from a particular 
pressure point.
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 18. What advantage does the VAC device provide for lower extremity wounds?
It removes fluid, promotes soft tissue healing and provides coverage of limited areas of bone and hardware. It is a 
superior temporary coverage until definitive closure is accomplished, providing there is no necrotic bone or soft tissue or 
purulence.

 19. Are there any contraindications for the vacuum-assisted closure device in the lower 
extremity?
A vacuum-assisted closure (VAC) device will not clear up grossly purulent wounds nor will it débride necrotic soft 
tissue or bone. The VAC device should not be counted on to granulate over extensive bone or hardware exposure or an 
extensive fracture line.

 20. What are the muscle groups and major nerves and arteries of each of the four 
compartments of the lower leg?
The anterior compartment, bounded by the tibia, interosseous membrane, and anterior intermuscular septum, 
contains the extensor muscles of the foot and ankle with the tibialis anterior, extensor hallucis longus, and extensor 
digitorum longus muscles. The major artery is the anterior tibial artery, and the deep peroneal nerve courses along 
with the artery.

The lateral compartment is bounded by the anterior intermuscular septum, fibula, and posterior intermuscular septum. 
The muscles in this compartment are the peroneus longus, peroneus brevis, and peroneus tertius muscles. There is no 
major artery in the lateral compartment; however, the superficial peroneal nerve runs within it.

The superficial posterior compartment is bounded by the deep surface of the soleus muscle and the plantaris tendon. It 
contains the soleus and gastrocnemius muscles.

The deep posterior compartment is bounded by the tibia, interosseus membrane, and fibula. The muscle groups 
contained within it are the tibialis posterior, flexor digitorum longus, and flexor hallucis longus muscles. This 
compartment contains the posterior tibial artery, which courses medially between the flexor digitorum longus and soleus 
muscles, and the peroneal artery, which courses slightly more laterally between the tibialis posterior and flexor hallucis 
longus muscles. The major nerve in the deep posterior compartment is the posterior tibial nerve.

 21. Why should we invest significant resources to salvage an ulcerated diabetic limb 
when the patient can just as well have a below-knee amputation and prosthesis?
The incidence of a second amputation in the contralateral limb approaches 50% within 2 years of the initial amputation. 
Therefore within 2 years you may expect a diabetic to have either bilateral below-knee amputations or a combination of 
below-knee and above-knee amputations, either of which sentences the patient to a wheelchair.

 22. What is tarsal tunnel syndrome? What are its clinical findings? How is it treated?
Tarsal tunnel syndrome results from compressing the posterior tibial nerve within a fibroosseous canal that has for 
its roof the flexor retinaculum. The classic history includes pain that usually is burning and localized in the plantar 
aspect of the foot but may radiate up the medial side of the calf. The symptoms are increased by activity and are 
diminished by rest or rubbing the foot. Night symptoms may occur. A positive Tinel’s sign may be elicited along 
the medial or lateral plantar nerve. Sensation to pinprick may be decreased. The diagnosis may be confirmed 
by nerve conduction velocity studies with prolonged terminal latency to the abductor hallucis or abductor digiti 
quinti muscle and abnormal potentials with fibrillations. Vascular insufficiency should be absent. When accurately 
diagnosed, tarsal tunnel syndrome can be treated with release of the fibroosseous tunnel by lysing the flexor 
retinaculum.

 23. What is compartment syndrome?
In compartment syndrome, muscle and nerve viability is threatened by increased tissue pressure within a fixed, 
fascially bounded compartment in the body over a prolonged period. There are four compartments in the leg: anterior, 
lateral, deep posterior, and superficial posterior. The increased pressure results from postischemia reperfusion or 
direct crush to the limb, as in a tibial fracture. An open wound in the leg does not indicate released or decompressed 
compartments. Most authors agree that an increase from the normal tissue pressure of 2 to 7 mm Hg to 30 mm Hg 
is concerning and that an increase to 35 to 40 mm Hg is an absolute indication for treatment. A more accurate 
measurement is differential pressure (diastolic pressure minus compartment pressure); a differential pressure 
less than 30 mm Hg is an absolute indication for treatment. Failure to treat creates a vicious cycle of increasing 
compartment pressures due to lymphatic and venous obstruction without arterial obstruction. The results are 
neuropraxia, muscle necrosis, and, finally, axonotmesis and limb ischemia. The tissue injury becomes irreversible in 
hours with resultant nerve and muscle loss.



613TRUNK AND LOWER EXTREMITY

 24. Is pulselessness a reliable sign of compartment syndrome?
Pulselessness is only seen upon very late progression of compartment syndrome. More reliable signs are paresthesias, 
pain with passive stretch of the muscle, inappropriately severe pain, and paralysis.

 25. How is compartment syndrome recognized and treated?
Awareness and early intervention are the keys to treatment. In borderline cases, tingling and increased pain in the limb 
associated with pain on passive extension of the involved muscle compartment can be treated by major limb elevation 
and intravenous mannitol. Tissue compartments can be measured by a needle catheter technique. Obvious severe 
compartment syndrome or expected severe compartment pressure elevation from reperfusion or crush mandates 
surgical compartment release as an emergency. The urgency cannot be overemphasized.

 26. How are the foot sensory nerves evaluated?
Light touch can be used to evaluate the domains of the foot listed in Table 93-1.

 27. What are indications for primary amputation in patients with tibial level injury?
The major indication is severe combined injury to bone, skin, joint, nerve, and vessels such that long-term limb survival 
and function are unlikely. The disruption of sciatic or posterior tibial nerve function may be the most important element 
because meaningful recovery in these patients, even after repair, is poor. Consequences include an insensate plantar 
surface and almost certain recurrent ulceration, infection, and osteomyelitis. A tradeoff must be made with prosthetics 
that allow high-level function. Other indications include severe infections or contamination, multilevel severe injury, 
and absent pedal pulses. Scoring systems such as the Gustilo fracture score (Table 93-2) and the Mangled Extremity 
Severity Score (MESS) help in decision making. Amputation should be considered seriously in any patient with a limb 
score greater than 7. The parameters for MESS are outlined in Table 93-3.

 28. What are the contraindications to salvage of a Gustilo IIIC injury of the lower 
extremity?
Preexisting severe medical illnesses, severed limb, tibial loss greater than 8 cm, ischemic time greater than 6 hours, 
and severance of the posterior tibial nerve in adults.

 29. What are the indications for lower extremity replantation?
For several reasons, lower extremity replantation is not uniformly practiced. The most important limitation is the 
inability to restore neurologic function to the lower extremity. In addition, prosthetic legs are relatively well accepted 
and widely used, although they have their disadvantages. The loss of a leg is frequently associated with other 
severe injuries. The provision of a marginally functional replanted lower extremity may create a greater liability with 
respect to long-term rehabilitation, pain, time lost from employment, and associated risk of replantation surgery. 

NERVE DOMAIN

Sural nerve Lateral midfoot

Posterior tibial nerve Heel/plantar midfoot

Deep peroneal nerve First web space

Superficial peroneal Dorsal distal foot

Saphenous nerve Medial ankle

Table 93-1. Foot Sensory Nerves

Table 93-2. Gustilo Scoring for Open Fractures

Gustilo II Moderate soft tissue injury and stripping

Gustilo IIIA High energy, adequate soft tissue despite laceration 
or undermining

Gustilo IIIB Extensive soft tissue injury and periosteal stripping, 
usually gross contamination

Gustilo IIIC Gustilo B with limb ischemia

From Gustilo RB, Mendoza RM, Williams DN: Problems in the management of type III (severe) 
open fractures: A new classification of type III open fractures. J Trauma 24:742, 1987, with 
permission.
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Replantation in a child is expected to have improved neurologic function. Replantation should be considered only 
when the amputation is a single-level, clean transection without crush or avulsion injury and warm ischemia time is 
less than 6 hours.

 30. What are absolute contraindications for lower extremity replantation?
Poor baseline health, multilevel injury to a joint that results in immobility of the knee or ankle, warm ischemic time 
greater than 6 hours, and older age.

 31. Are there any other considerations for the use of an amputated part?
You should not discard any tissue until you consider its possible use in reconstruction of the injured patient. Certainly 
nerve grafts, skin grafts, and bone grafts can be borrowed from the amputated part to reconstruct other injured 
extremities. Muscle flaps or foot fillet flaps can be used to cover below-knee amputation stumps that otherwise would 
need conversion to an above-knee stump.

32. In planning flap coverage of the lower extremity, what considerations are involved 
for concomitant or future bone reconstruction?
 • Shortening of the limb length to decrease the need for intercalary bone graft or flap coverage
 • Subsequent bone grafting that may require a posterior lateral approach or reelevation of the soft tissue flap
 • Placement of a methylmethacrylate antibiotic-impregnated spacer followed by subsequent bone grafting
 • Ilizarov bone transport
 • Immediate nonvascularized or vascularized bone graft

33. Can bone transport (Ilizarov technique) be done across or through a free flap?
Yes. The rate of bone transport with movement of wires through a flap at 1 mm/day has not been shown to be 
detrimental to overlying soft tissue coverage, including free flaps.

34. Why may free flaps fail in the leg?
Failure is rare in fresh wounds, which have a flap patency rate of approximately 95% or greater and an infection rate of 
1.5%. However, the infection rate is much increased in more chronic wounds (longer than 5 days). The flap survival rate 
in a chronic wound may be as low as 80% with significant take-back rates. The increased complication and failure rates 
in more chronic wounds is due to a combination of factors, including contamination, infection, and damaged lymphatics 
and veins. Significant tissue edema, perivascular fibrosis, and valvular incompetence may contribute to this difficulty. 
Godina demonstrated good evidence for the benefits of achieving soft tissue wound coverage within 5 days after open 
fracture. This approach minimizes infection and maximizes flap survival.

35. How do you determine the zone of injury when preparing recipient vessels?
The zone of injury would be expected to be larger with high energy injuries. However, local signs during the dissections 
will help to determine the zone of injury. These signs are intimal petechiae, vessel wall fibrosis, and poor quality of 
bleeding from the recipient vessels.

36. Provide an appropriate algorithm for primary operative care of lower extremity trauma.
See Figure 93-1.

Skeletal soft tissue injury Low energy
Medium energy (open fractures)
High energy (military gunshot wound)
Very high energy (gross contamination)

1
2
3
4

Limb ischemia (double score 
for ischemia >6 hr)

Near-normal
Pulseless, decreased capillary refill
Cool, insensate, paralyzed

1
2
3

Shock Systolic blood pressure always >90 mm Hg
Transient hypotension
Persistent hypotension

0
1
2

Age (yr) <30
30–50
>50

0
1
2

Table 93-3. Mangled Extremity Severity Score (MESS)

From Johansen K, Daines M, Howey T, et al: Objective criteria accurately predict amputation following lower 
extremity trauma. J Trauma 30:568–573, 1990, with permission.



615TRUNK AND LOWER EXTREMITY

37. Is a muscle or a fasciocutaneous flap better for open fracture treatment?
Mathes et al. cite better healing and adherence in an infected wound with a muscle flap. Overall, however, the best 
choice still is unclear. Muscle seems to conform better to regular cavities and to adhere or fibrose better than does a 
fasciocutaneous flap. Fasciocutaneous flaps, however, seem to suit most wounds well and to heal equally well; they 
also can be transferred as a sensate flap and are much thinner and cosmetically superior. The fasciocutaneous flap has 
the additional advantage of providing easier reoperations, if necessary, such as for an ankle fusion, bone graft, or nail 
removal.
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Figure 93-1. Algorithm for primary operative care of lower extremity trauma.
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Leg ULcers

 1. What are the most common chronic wounds seen in our population?
Leg ulcers. They may result in cellulitis, osteomyelitis, gangrene, amputation, and even death. Leg ulcers know no social 
bounds, crippling all patients, including those in their prime working years, with extraordinary morbidity and costs to 
society.

 2. How often is ulceration the precursor to amputation?
Ulceration is the most common precursor to amputation (84% of cases).

 3. What is the differential diagnosis of leg ulcers?
The differential diagnosis of lower extremity ulcers is extensive. Included are many common (and some uncommon) 
causes; however, the listing in Box 94-1 is by no means complete.

Vascular Disease 
Arteriosclerosis obliterans
Thromboangiitis obliterans
Hypertension
Livedo reticularis
Venous

Chronic venous insufficiency
Deep vein thrombosis

Lymphatic 
Elephantiasis nostra (lymphedema)

Vasculitis 
Lupus erythematosus
Rheumatoid arthritis
Periarteritis nodosa
Allergic vasculitis

Metabolic Disease 
Diabetes mellitus
Necrobiosis lipoidica diabeticorum
Pyoderma gangrenosum
Porphyria cutanea tarda
Gout

Hematologic Disease 
Sickle cell anemia
Thalassemia
Hypercoagulable states
Deficiency of:

Antithrombin III
Protein C
Protein S

Polycythemia vera
Leukemia

Drugs 
Halogens
Ergotism
Methotrexate

Burns 
Thermal
Electrical
Chemical

Infectious Disease 
Bacterial
Fungal (coccidiomycosis, blastomycosis, histoplasmosis, 

sporotrichosis)
Tuberculosis
Syphilis

Tumors 
Squamous cell carcinoma (Marjolin’s ulcer)
Basal cell carcinoma
Kaposi’s sarcoma
Lymphoma (mycosis fungoides)

Insect Bites 
Brown recluse spider
Sandfly

Other 
Trauma
Radiation
Frostbite
Weber-Christian disease
Lichen planus
Trophic ulcers
Factitial (self-induced)

Box 94-1. Differential Diagnosis for Lower Extremity Ulceration
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 4. How do you evaluate a patient who presents with leg ulcers?
The elements of a thorough history, physical examination, and diagnostic workup for leg ulcer patients are outlined in 
Box 94-2.

 5. What are the goals of leg ulcer treatment?
 • Healing of ulcer within a reasonable period
 • Return to ambulation as soon as possible
 • Institution of long-term preventative measures against recurrence
 • Ensuring patient tolerance and compliance with the treatment regimen

 6. What is the most common cause of leg ulceration?
Ambulatory venous hypertension is responsible for the overwhelming majority of leg ulcers, accounting for 70% to 90% 
of all cases. Twenty-seven percent of the adult population has lower extremity venous abnormalities, 2% to 5% have 
clinical manifestations of superficial or deep venous insufficiency, and 1.5% (more than a half-million people in the 
United States) have frank ulceration. Up to 10% of patients with ulcers have concomitant arterial occlusive disease.

 7. What is venous hypertension?
Venous hypertension occurs when the blood pressure inside the veins, which is normally 15 mm Hg in a resting supine 
position, is elevated to a pathologic level over a prolonged period.

 8. What causes venous hypertension?
Venous hypertension is caused by incompetent valves in the veins of the legs. The most common cause of abnormally 
functioning valves is a history of blood clots in the legs (thrombophlebitis) and the breakdown of the clots, which 
damages the delicate valves, particularly their ability to sustain the column of blood from the foot to the heart.

 9. How do you diagnose venous hypertension?
In the past the gold standard for evaluation was the venogram, an invasive test. Venograms are rarely performed today. 
Many noninvasive tests can evaluate the anatomy and function of the veins of the leg. The most common and widely 
used test is duplex ultrasound, which in experienced hands can assess the anatomy as well as the function of veins. 
Photoplethysmography and air plethysmography are noninvasive tests that attempt to measure how quickly blood flows 
backward or refills the leg when the blood moves from the supine to the upright position. They are general measures of 
valvular incompetence and venous hypertension.

History 
Ulcer specific

Onset
Location
Size
Depth
Drainage
Infection

Previous treatment
Surgical
Nonsurgical

Ambulatory status
Vascular status

Claudication
Rest pain

Shoe wear
Past medical history

Tobacco use
Diabetes mellitus
Injury
Deep vein thrombosis
Chronic venous insufficiency
Collagen vascular disease
Sickle cell anemia

Physical Examination 
Atrophic changes
Skin temperature
Sensation/neurologic status
Complete vascular examination
Ankle–brachial indexes
Limb or foot deformity

Diagnostic Studies 
Blood tests

Culture and sensitivity
Complete blood count
Hemoglobin A1C

Erythrocyte sedimentation rate
Radiologic examination

Plain radiographs
Computed tomographic scan
Magnetic resonance imaging/angiography
Bone scan

Noninvasive arterial/venous studies
Pulse-volume recording
Photoplethysmography

Bone biopsy
Formal angiographic evaluation
Rheumatologic workup if systemic or autoimmune illness is suspected

Box 94-2. Evaluation of the Patient with Lower Extremity Ulcers
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 10. Name the major veins of the leg.
The major veins of the leg accompany the major arteries: the anterior tibial, posterior tibial, and peroneal veins. These 
are the deep veins of the leg, or the deep venous system. The greater and lesser saphenous veins make up the 
superficial system of veins.

 11. Describe the anatomy of the veins of the leg.
The deep veins of the leg are paired and travel with the named artery; they are called venae comitantes. The deep veins 
surround the artery and are connected to each other by small crossing branches, much like the rungs on a ladder. The 
superficial veins do not travel specifically with significant arteries and are not paired. Both the deep and superficial veins 
have valves that direct the flow of blood toward the heart and communicate between connecting perforating veins. 
When the valves of these veins do not function properly, a host of abnormalities may develop in the local area, the most 
significant of which is an open wound or venous ulcer.

 12. What are perforating veins?
Perforating veins connect the superficial and deep systems of venous drainage of the leg. Perforating veins run 
predominantly between the greater saphenous and posterior tibial veins but are found to a lesser extent throughout the 
leg between the superficial and deep systems. The perforators on the medial leg (posterior tibial) generally contribute to 
leg ulceration in this area when they are incompetent or their valves do not work.

 13. What is the difference between “primary” and “secondary” chronic venous disorders?
Primary chronic venous insufficiency encompasses all chronic venous disorders that are not associated with an 
identifiable etiology to explain the dysfunction. Primary disorders are thought to result from structural and biochemical 
abnormalities of the vein wall.

Secondary chronic venous disorders, also called postthrombotic syndrome, are those that follow an episode (or 
episodes) of acute deep vein thrombosis. The morphologic changes that occur within the lumen of the vein due to 
recanalization lead to venous hypertension and reflux. Currently, the best means to avoid secondary chronic venous 
disorders hinges on early and aggressive treatment of proximal deep vein thrombosis.

 14. What are varicose veins?
Varicose veins are dilated, tortuous veins of the superficial system (subcutaneous).

 15. What is a varicose ulcer?
Patients with varicose veins who have normal deep veins may develop leg ulceration with prolonged lack of treatment. 
In such a case, surgical removal of the incompetent superficial veins (ligation and stripping of varicose veins) is effective 
treatment of the leg ulceration, which then should respond well to conservative care or simple skin grafting.

 16. What are the etiology and pathogenesis of venous ulcers?
The etiology and pathophysiology of venous ulcers are not completely understood. Current concepts include the loss of 
venous valvular competence in the deep and/or superficial venous systems, leading to venous hypertension. Prolonged 
venous hypertension promotes the extravasation of protein-rich edema fluid and red blood cells into the subcutaneous 
tissues of the lower leg. A pericapillary fibrin cuff functions as a diffusion barrier to oxygen, cytokine, and nutrient 
exchange at a cellular level. In addition, inflammation caused by chronic red blood cell extravasation (hemosiderin 
deposition) and leukocyte trapping in the tissue bed leads to the densely scarred, fibrotic, hyperpigmented skin and 
subcutaneous tissue changes known as lipodermatosclerosis (“brawny edema”). Lipodermatosclerotic tissue is poorly 
vascularized, is easily traumatized, and is prone to slow, poor wound healing with frequent ulcer recurrence.

 17. Describe the role of inflammation in the development and perpetuation of chronic 
venous ulcers.
Traditionally, hypoxia was believed to be a primary factor in the development of venous ulceration due to a diffusion 
barrier created by the pericapillary fibrin cuffs found in chronic venous insufficiency. It has since been shown that 
hypoxia does not exist to the degree expected, and in many cases the tissue may not be hypoxic at all. Investigations 
into the biochemical and molecular characteristics of chronic venous disease suggest that local inflammation, as a 
direct result of deranged venous flow, plays a critical role in the development and propagation of lipodermatosclerosis 
and venous ulceration. Evidence suggests that increased venous pressure, turbulent blood flow, and altered shear 
stresses within the veins lead to leukocyte activation and subsequent inflammation, with release of cytokines, growth 
factors, and abnormal collagen deposition in the most superficial tissues. It has also been shown that the fibrin cuff 
contains many extracellular matrix components, suggesting that these cuffs represent fibrosis rather than simple 
deposits of fibrin. Based on this information, it has been further suggested that these structures might actually trap 
growth factors, thereby slowing wound healing by preventing normal influx of mediators into the tissue bed.
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 18. Where are venous ulcers located?
Venous ulcers are generally located in the so-called gaiter region of the leg, which is between the medial and lateral 
malleoli and gastrocnemius musculotendinous junction. It is thought that perforating veins may transmit excessive 
pressure to the subcutaneous tissue with contraction of the calf muscle, predisposing to tissue damage. Ulcers also may 
be located on the foot, between the toes, and on the posterior calf, but these sites are unusual and should encourage 
consideration of other diagnostic possibilities.

 19. Describe conservative management of venous ulcers.
Conservative management of leg ulcers consists of elastic compression to reduce edema, prolonged bed rest 
with leg elevation, Unna boot application, local wound care with frequent dressing changes, and hygiene. This 
approach requires a lifestyle change that often is impractical. None of these modalities corrects the underlying 
pathophysiology.

 20. What is an Unna boot?
Compression bandaging with materials impregnated with various paste substances such as calamine and zinc 
oxide, wrapped from the toes to the upper calf, including coverage of an open ulcer, was promulgated by Unna in 
the late nineteenth century for the treatment of venous ulcers. Any paste bandaging of venous leg ulcers or even dry 
compression bandaging has come to be known as an Unna boot.

 21. How does an Unna boot work?
The value of compression bandaging in the treatment of venous ulceration has been recognized since it was used by 
Celsus. Various supportive dressing regimens have been developed and promulgated over the centuries. Compression 
has been shown to enhance fibrinolysis, reducing the pathologic deposition of fibrin in abnormal legs. No clear 
evidence indicates that the addition of emollients to treat the open wound and surrounding leg skin in patients with 
lipodermatosclerosis provides greater clinical benefit than compression alone.

 22. Describe the surgical management of venous ulcers.
Traditional surgical approaches include skin grafting, varicose vein stripping, subfascial perforator ligation, valvuloplasty, 
and vein segment transposition and transplantation. Skin grafting is associated with poor long-term results and 
recurrence rates of up to 43%. Vein stripping usually deals with isolated superficial valvular insufficiency, which rarely 
causes ulceration. Perforator ligation is associated with frequent wound complications (2% to 44%) and high recurrence 
rates (6% to 55%). Valvuloplasty has demonstrated good results in cases of primary valvular incompetence. Valve 
transposition and transplantation have demonstrated poor results in cases of postthrombotic recanalization. Although 
these surgical approaches may improve the regional venous hemodynamics of the lower leg, none addresses the 
irreversibly scarred lipodermatosclerotic bed.

 23. What is a Linton flap?
It is generally believed that perforating veins between the posterior tibial (deep) and saphenous veins (superficial) 
contribute to venous leg ulceration. In 1938, Linton described an operation to divide the perforating veins in the hope 
that it would prevent the occurrence of ulceration. Since that time, the ligation of perforating veins has commonly borne 
the eponym Linton flap. The operation consists of an incision parallel and 2 cm posterior to the medial tibial border 
from the medial malleolus to midcalf prominence (gastrocnemius bulge). The deep muscle fascia is divided, and all 
perforating veins are ligated. Currently, this operation is performed endoscopically whenever technically feasible to avoid 
wound-healing complications associated with the original open operation.

 24. Who should get a skin graft for a venous leg ulcer?
Patients who have venous leg ulcers should undergo diagnostic evaluation to confirm the status of competence of 
the deep veins (see Question 8). Superficial venous insufficiency with ulceration (approximately 10% of patients 
with ulcers) can generally be treated successfully by skin grafting (and removing pathologic superficial and 
communicating veins). Elderly patients who do not respond to conservative treatment of ulcers may be candidates 
for skin grafts.

 25. What are the goals for long-term cure of recalcitrant venous ulcers?
Restoration of normal venous hemodynamics at the level of and in the region of the venous ulcer, and complete removal 
of the ulcer and all surrounding lipodermatosclerotic skin and subcutaneous tissue.

 26. What is the role of free tissue transfer in the management of venous ulcers?
Dunn et al. and Weinzweig and Schuler reported their experience with the use of fasciocutaneous and muscle free 
flaps, respectively, in the treatment of recalcitrant venous ulcers. Both groups found that free tissue transfer provides 
a long-term cure by replacing the diseased lipodermatosclerotic tissue bed with healthy tissue containing multiple, 
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competent microvenous valves and a normal microcirculation, thereby improving regional hemodynamics. In addition, 
the transfer can be accomplished in one reconstructive procedure with excellent results. Both groups reported no 
recurrence of venous ulceration within the flaps. In a few cases, failing to excise all of the liposclerotic tissue led to 
breakdown and slow healing of the flaps at the margins. Each of these cases eventually healed with conservative 
measures.

 27. Who should get a free flap for a venous leg ulcer?
Patients with deep venous insufficiency, localized recurrent ulceration, and liposclerotic (scarred) tissue 
benefit from a subfascial excision of the ulcer and scarred tissue and reconstruction with a tissue replacement 
microvascular flap.

 28. What kind of free flap is best for a venous ulcer?
Multiple tissue types have been used successfully to reconstruct leg ulcer defects, including fasciocutaneous flaps, 
muscle flaps with skin grafts, and omental flaps with skin grafts. Flap selection is commonly based on available donor 
sites as well as the size and extent of the ulcer defect that is expected after excision.

 29. What intrinsic role does the flap tissue play in treatment of venous ulcers?
Fasciocutaneous and muscle free flaps contain multiple valves in their venous systems. These valves may provide the 
limited flap area with some long-term protection from reulceration, essentially “curing” the chronic condition in the 
proper surgical candidate. Aharinejad et al. and Taylor et al. have done excellent anatomic studies of the microvenous 
valvular anatomy of the human dorsal thoracic fascia and various muscle flaps, respectively.

 30. How does one approach the patient with mixed arterial and venous ulcers?
Identification of patients with mixed venous and arterial disease and ulceration is of critical importance, as many 
therapies aimed at treating venous ulcers can have catastrophic effects, such as critical ischemia with limb loss, when 
arterial diseases is also present. Arterial disease may coexist with venous ulceration in up to 20% of patients, mandating 
careful consideration and investigation before instituting a treatment regimen. In patients with moderate arterial disease, 
use of modified compression therapy with decreased pressure has been suggested; however, in patients with severe 
arterial occlusive disease, the first priority should be revascularization and restoration of arterial inflow. Humphreys  
et al. reported a series of 2011 ulcerated legs in which 1416 had venous reflux. Among these, 193 also had moderate 
arterial disease (ankle–brachial index [ABI] >0.5 to 0.85) and 31 had severe arterial disease (ABI <0.5). Patients who 
had moderate disease were treated with a modified compression stocking regimen (30 mm Hg at the ankle instead of 
40 mm Hg), whereas those with severe disease were referred for angiography and potential revascularization prior to 
instituting any therapy aimed at treating the ulcers.

 31. What is the CEAP classification?
The CEAP (clinical-etiology-anatomy-pathophysiology) system was developed by the American Venous Forum in 1994 
(revised in 2004) with the goal of providing a comprehensive and objective way to classify chronic venous disease and 
standardize reporting in the literature.

 32. How is the CEAP classification used?
Clinical stage is described by indicating the clinical manifestation of the disease followed by the subscript A 
(asymptomatic) or S (symptomatic). Etiology is broken down based upon the underlying cause as congenital, 
primary, secondary, or unknown. Anatomic location of the disease specifies whether it involves the superficial, 
deep, or perforating veins of the leg. The pathophysiology category further stratifies the disease by denoting the 
presence or absence of reflux or obstruction within the involved veins. The specific classifications are listed in 
Box 94-3.

For example, C4b,s, Ep, As,p, Pr describes a symptomatic patient who has lipodermatosclerosis or atrophie blanche of 
primary origin involving superficial and perforating veins in which reflux has been confirmed. An advanced version 
of this classification also specifies the veins in which the pathology has been identified, with specific numbers 
corresponding to venous segments of the lower extremity.

 33. What are the relationships among ulceration, diabetes, arterial occlusive disease, 
and amputation?
 • 50% to 70% of leg amputations are secondary to diabetes.
 • 28% of these amputations fail to heal, resulting in a higher level of amputation.
 • 50% of patients undergo amputation of the contralateral leg within 2 to 5 years.
 • 5-year survival rate after amputation is 40%.
 • Personal, emotional, and socioeconomic consequences are enormous.
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 34. What is the etiopathogenesis of diabetic foot ulcers?
Diabetic foot ulcers arise primarily from neuropathy (altered proprioception, touch, or pain sensation), vascular disease 
(with associated ischemia), or both, often complicated by infection. Contributing factors include limited joint mobility, 
callus formation, high foot pressures, and increasing susceptibility to ulceration.

The neuropathic foot (poor sensation, good circulation) is characteristically healthy, well nourished, and hair bearing, 
with good dorsalis pedis and posterior tibial pulses and a high arch. Thick callus formation occurs on pressure points 
of the soles or toes. Bruising of the subcutaneous tissue and extravasation of blood beneath the calluses leave a rich 
culture media for local bacteria. The bacteria spread beneath the callus to the underlying joint capsule and metatarsal 
head, eventually resulting in osteomyelitis.

The ischemic foot (poor circulation, acute sensation), on the other hand, is dry, atrophic, scaly, hairless, and 
undernourished. It is cool to the touch with diminished or absent pulses. Infected areas often are painful to touch or 
pressure. Ulcers often have full-thickness skin necrosis in the center with a surrounding rim of erythema. Seldom is 
osteomyelitis or a true abscess found with pus located behind the necrotic tissue. Ischemia makes any lesion a serious 
condition that may quickly become a limb- or life-threatening problem.

 35. Discuss two common misconceptions about diabetic foot infections.
 • Small Vessel Disease: Arteriolar occlusive disease may cause ischemic lesions in the presence of normal pulses.
 • Endothelial Proliferation in Small Vessels: Thickening of capillary basement membrane but not narrowing or occlusion.

An uncontrolled study by Goldenberg in 1959 indicated that amputation specimens from diabetics showed an increased 
incidence of arteriolar occlusion due to proliferation of endothelium and deposition of periodic acid–Schiff (PAS)–positive 

Clinical Classification
C0: No visible or palpable signs of venous disease
C1: Telangiectases or reticular veins
C2: Varicose veins
C3: Edema
C4a: Pigmentation or eczema
C4b: Lipodermatosclerosis or atrophie blanche
C5: Healed venous ulcer
C6:  Active venous ulcer
S:  Symptomatic, including ache, pain, tightness, skin irritation, heaviness, muscle cramps,  

and other complaints attributable to venous dysfunction
A: Asymptomatic

Etiologic Classification
Ec:  Congenital
Ep:  Primary
Es:  Secondary (postthrombotic)
En:  No venous cause identified

Anatomic Classification
As:  Superficial veins
Ap:  Perforator veins
Ad:  Deep veins
An:  No venous location identified

Pathophysiologic Classification
Basic CEAP
Pr:  Reflux
Po:  Obstruction
Pr,o: Reflux and obstruction
Pn:  No venous pathophysiology identifiable

Box 94-3. CEAP Classification

CEAP, Clinical-etiology-anatomy-pathophysiology.
Adapted from Eklof B, Rutherford RB, Bergan JJ, et al: Revision of the CEAP classification of chronic venous disease. J Vasc Surg 40:1248–1252, 2004.
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material. In 1984 this misconception was repudiated by LoGerfo and Coffman in a prospective controlled study of amputation 
specimens from diabetics and nondiabetics, and a similar prospective study using a sophisticated arterial casting technique 
failed to confirm Goldenberg’s theory. No small artery or arteriolar occlusive lesion is associated with diabetes.

 36. What is the fate of the contralateral foot in diabetics?
According to the classic study by Kucan and Robson of 45 patients followed for a minimum of 3 years, 22 (49%) patients 
developed a severe infection of the contralateral foot within 18 months. Fifteen (68%) of these patients required some 
type of amputation of the contralateral foot (3 toe, 2 ray, 4 transmetatarsal, 6 below knee). Fourteen of the patients 
(64%) with severe infections of both feet maintained bipedal ambulation.

 37. What is the diabetic Charcot foot?
In 1868, Jean-Martin Charcot first described the neuropathic joint changes associated with tabes dorsalis, believing 
them to be a secondary effect of the neurologic deficit related to tertiary syphilis. In 1936, Jordan first described 
neuropathic arthropathy in diabetics, and in 1947 the Joslin Clinic published the first series of cases. Today diabetes 
is the most common cause of Charcot joints, which occur in 1:680 diabetic feet. Charcot neuroarthropathy of the foot 
is one of the most devastating consequences of diabetes, occurring in patients with an average duration of diabetes 
of 12 to 18 years; 18% of cases are bilateral. The radiographic findings are characterized by a severely destructive 
form of degenerative arthritis with simultaneous bone destruction, joint destruction, subluxation or dislocation, and 
fragmentation in addition to hypertrophic periosteal reaction.

Neuropathic arthropathy is a relatively painless, progressive, and degenerative arthropathy of single or multiple joints 
caused by the underlying neurologic deficits. The most frequent sites of involvement include the tarsometatarsal joints 
(60%), metatarsophalangeal joints (61%), and ankle joint (9%). On examination, the foot is grossly deformed with 
a typical rocker bottom subluxation of the midtarsal region or subluxations of the metatarsophalangeal joints and a 
high arch with cocked-up toes. The foot is erythematous, warm to the touch, and anhidrotic. The exact mechanism 
is unknown; however, it is hypothesized that hyperemia from autonomic neuropathy results in ligament laxity and 
osteolysis. With continued microtrauma due to sensory neuropathy, the bone and joint surfaces are destroyed. Loss 
of normal protective mechanisms subjects joints to extreme ranges of motion, resulting in capsular and ligamentous 
stretching, joint laxity with eventual dislocation, fracture, and bone and joint destruction. This process occurs in the 
presence of bounding pulses and elevated ABIs. The hyperemia or increased blood supply promotes resorption of the 
normal bone, creating a vicious cycle.

 38. Describe the status of the arterial system in diabetics.
Not all diabetics have poor circulation. Moreover, many diabetics have absent femoral, popliteal, or pedal pulses yet do not 
manifest foot problems. This finding suggests that ischemia usually is only one component of the problem. The pathology 
of atherosclerosis for diabetic and nondiabetic patients is similar, but there are several distinguishing characteristics. 
Diabetics have a predilection for macrovascular occlusive disease involving the tibial/peroneal vessels between the knee 
and the foot, as evidenced by the fact that 40% of diabetics presenting with limb-threatening ischemia have a palpable 
popliteal pulse. The presence of a pulse does not mean that circulation is adequate. No occlusive small vessel disease 
of the diabetic foot precludes successful revascularization. Occlusive microvascular disease of the foot does not exist 
(see Question 35). Revascularization can restore tissue perfusion to the ischemic diabetic foot. Diabetics also have a 
diminished ability to develop collateral circulation. Calcification involving the intimal plaque and media (medial calcinosis 
or Monckeberg’s sclerosis) frequently involves arteries at all levels but often spares the foot vessels. Medial calcinosis 
often gives erroneous ABIs and other noninvasive testing results. The classic indications for surgical intervention include 
incapacitating claudication, rest pain, and threatened limb loss (ulceration or gangrene).

 39. Describe considerations in the surgical management of diabetic patients with a leg 
or foot ulcer.
 • General medical condition
 • Ambulatory status
 • Peripheral circulation
 • Compliance
 • Local wound status

In addition, you must consider whether amputation is more favorable than revascularization and reconstructive 
procedures.

 40. Describe the management of plantar forefoot ulcers.
Difficult wounds involving the plantar forefoot typically are located over the metatarsal heads. Ulceration often 
exposes bone and tendon and usually is managed by digital amputations. Forefoot ulcers often require toe fillet, ray, or 
transmetatarsal amputations. Metatarsal head resections reduce the amount of bone in this area, often allowing the wound 
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to be closed primarily. With respect to the metatarsal head, conservative débridement is performed for the great toe, dorsal 
free-floating osteotomies for the second through fourth toes, and complete excision for the fifth toe. Soft tissue coverage 
can be obtained by plantar V-Y advancement flaps, island neurovascular toe flaps or toe fillet flap, and distally based 
muscle flaps. Free tissue transfer is sometimes necessary to salvage nonhealing transmetatarsal amputation stumps.

 41. Describe the management of plantar midfoot ulcers.
Most difficult wounds in the plantar midfoot are associated with Charcot’s disease. Fracture dislocations result in 
significant architectural changes, collapse of the arch, and alteration of the normal weight-bearing surface. Management 
often involves extensive resection of the ulcer, including scar tissue, bursal tissue, and underlying bony prominence. The 
wound is closed by filling its depths with a local muscle flap and a rotation advancement fasciocutaneous flap from the 
instep based on the medial plantar vessels. The muscle usually is the flexor digitorum brevis or abductor digiti minimi, 
depending on the location of the ulcer. More extensive defects arc managed by free tissue transfers.

 42. Describe the management of hindfoot (heel) ulcers.
Hindfoot ulcers often require wide local osseus débridement, especially of the calcaneus. Such ulcers involve defects 
on the plantar and posterior aspect of the heel. For the plantar aspect, techniques include local rotation or advancement 
heel-pad tissue flaps, instep island pedicle flaps, turnover muscle flaps, and free tissue transfer. For the posterior 
heel, where the Achilles tendon is often exposed, skin grafts or local flaps (V-Y advancement, local rotation, distally 
based vascularized pedicle flaps) usually suffice. Often the posterior tibial artery is occluded, and free tissue transfer 
may be necessary with anastomosis to the dorsalis pedis vessels or in situ distal bypass graft. Well-vascularized 
coverage generally cannot be achieved by local arterialized flaps, such as the lateral calcaneal, dorsalis pedis, and 
fasciocutaneous instep island flaps. Free tissue transfer usually is required.

 43. How are multiple tarsal and metatarsal ulcers managed?
Such ulcers often interfere with ambulation, and below-knee amputation usually is indicated.

 44. What methods are used to prevent foot ulcers?
 • Proper footwear: The most attractive shoes are not necessarily the best fitting
 • Proper hygiene: Wash feet every day with mild soap and dry thoroughly, especially between toes
 • Application of moisture cream everywhere except between toes
 • Avoidance of self (“bathroom”) surgery
 • Avoidance of foot soaking
 • Avoidance of heat, heating pads, and sleeping next to the stove or radiator
 • Regular physician visits to control blood glucose, weight, and blood pressure
 • Avoidance of smoking
 • Daily exercise
 • Periodic neurologic and vascular examinations

 45. What is the bacteriology of lower extremity infections?
Most foot infections (70% to 80%) severe enough to require hospitalization are polymicrobial (two to six 
microorganisms), including gram-positive and gram-negative aerobic (and facultative) organisms as well as anaerobic 
isolates in 30% to 80% of cases. Staphylococcus aureus is recovered in one third to half of cases. Enterococci are 
seen in 25% to 30% of patients, almost always as mixed microbial flora. Among gram-negative organisms are Proteus 
species, Escherichia coli, and a variety of Enterobacteriaceae. Pseudomonas aeruginosa is less common but is important 
because organisms may be resistant to antimicrobials effective against other gram-negative bacilli. Anaerobic species 
include gram-positive cocci (Peptococci, Peptostreptococci), bacilli (Clostridium species), and gram-negative bacteria 
(Bacteroides species).

 46. What are the basic rules for treating any lower extremity infection?
 • Absolute bed rest
 • Administration of appropriate antibiotics
 • Regulation of diabetes
 • Adequate drainage
 • Adequate wound culture
 • Appropriate wound care

 47. What is the role of the vascular surgeon and plastic surgeon in salvage of the 
diabetic foot?
The limb salvage rates in diabetics with difficult foot wounds have increased significantly because of the close 
collaboration of plastic surgeons and vascular surgeons. This collaboration is largely due to a better understanding of 
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the blood supply in the foot, which allows a wider arsenal of foot flaps as well as more successful revascularization. 
The recent role of free tissue transfer, which facilitates the closure of wounds of any size in any location, is especially 
important. The goal is stable wound coverage and bipedal ambulation.

 48. Describe the rehabilitation team for the diabetic foot.
 • Podiatrist for patient education, preventive maintenance, orthotics, and special shoes
 • Physical therapist for return to normal activity, gait training to prepare for a prosthesis, and prophylactic exercises to 
maintain body tone

 • Nutritionist for advice on diet needs
 • Surgeon to ensure proper wound healing and proper prosthetics
 • Endocrinologist to make the final decision about diabetes management

 49. Describe the nature of sickle cell ulcers.
Sickle cell ulcers occur in patients with homozygous sickle cell disease (0.5% to 3% of the black population in North 
America). Disabling ulcerations develop in 25.7% to 73.6% of patients. Ulcerations of the lower extremities are chronic, 
recurrent, excruciatingly painful, and disabling. They occur in areas of marginal vascularity where minor abrasions 
become foci of inflammation, which in turn cause decreased local oxygen tension, sickling of red cells, increased blood 
viscosity, and thrombosis with consequent ischemia, tissue breakdown, and further inflammation. This vicious cycle, 
initiated spontaneously or by relatively insignificant trauma, results in the replacement of normal tissue by scar tissue, a 
permanent locus minor resistentiae.

 50. What role does skin grafting play in the management of sickle cell ulcers?
Unfortunately, skin grafting is not an answer to this frustrating clinical problem. Skin grafting does not alter the 
underlying pathophysiology or increase the blood supply to the involved region. Despite adequate wound care, exchange 
transfusion to lower the percentage of hemoglobin S, and skin grafting, as many as 97.4% of ulcers recur at the same 
site within 2 years. An average hospital stay of 55 days is required to treat each ulceration.

 51. What other reconstructive options are available for patients with homozygous sickle 
cell disease?
A paucity of fasciocutaneous, muscle, or musculocutaneous flaps are reliable, well vascularized, and locoregional. 
Free tissue transfer is the reconstructive procedure of choice for defects of the lower third of the leg. However, the 
key question is whether the obligate period of ischemia inherent in free tissue transfer inevitably dooms a flap to 
failure.

 52. What is the role of free tissue transfer for limb salvage in patients with homozygous 
sickle cell disease?
Weinzw eig et al. reported a series of successful free flaps in patients with homozygous sickle cell disease. Special 
perioperative measures were taken to optimize the chances of a successful outcome. The obligate period of ischemia 
did not inevitably doom the flap to failure. Perioperative measures include the following: Exchange transfusion to lower 
hemoglobin S to below 30%
 • Maintenance of hematocrit at 31% to 35%
 • Intraoperative flap washout and perfusion with warm heparinized saline–dextran solution
 • Administration of dextran and aspirin intraoperatively and postoperatively
 • Prophylactic topical and systemic antipseudomonal antibiotics
 • Supplemental oxygen
 • Warm ambient room temperature

 53. Is there any evidence to support vacuum-assisted closure in the treatment of chronic 
leg ulcers?
Yes. A prospective, randomized controlled trial by Vuerstaek et al. followed 60 patients with chronic leg ulcers who 
were assigned to receive either vacuum-assisted closure (VAC) dressing or conventional compressive therapy.  
In the VAC group, median time to complete wound closure was 29 days compared with 45 days in the control group 
(P = .0001). A secondary end point in this study was the amount of time to prepare the wound bed for skin grafting, 
defined as 100% coverage of the wound bed with granulation tissue. The authors found that, using VAC therapy, the 
median time to wound bed preparation was 7 days compared with 17 days in the control group (P = .005). There 
also was a significant difference in median percentage of successful skin grafts and total nursing time consumption 
between the two groups (longer in the control arm). However, there was no significant difference between the groups 
with respect to ulcer recurrence at 1 year.
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 1. What is the pathophysiology of pressure ulcers?
Tissue pressures higher than the pressure of the microcirculation (32 mm Hg) cause ischemia. If the ischemic period 
is long enough or repeated frequently, the eventual outcome is tissue necrosis. Thus the prime mechanism of pressure 
ulceration is cellular ischemia.

 2. What are the Braden scale and the Norton scale?
These scales and their modifications are validated risk assessment tools to identify patients at high risk for developing 
pressure ulcers. The Braden scale has been evaluated in diverse sites such as medical/surgical units, intensive care 
units, and nursing homes. The Norton scale has been tested with elderly patients in hospital settings.

 3. What are the primary risk factors for developing pressure ulcers in chair-bound 
people or people with impaired ability to reposition?
 • Immobility
 • Incontinence
 • Nutritional factors such as inadequate dietary intake and impaired nutritional status
 • Altered levels of consciousness.

 4. Which areas of the body are more prone to pressure ulcerations?
All areas around bony prominences are at risk. Most pressure ulcers occur on the ischial tuberosity (28%), trochanter 
(19%), and sacrum (17%). Heel ulcers have the highest incidence (9%) outside of the pelvic area.

 5. What is the staging system for pressure sores?
See Table 95-1.

 6. In patients with spinal cord injury, what is the pathophysiology of lower extremity 
spasms?
Spasticity develops because spinal reflex arcs are separated from the controlling influences of higher centers in the 
nervous system. Incoming fibers from muscle spindles end directly on motor cells as the afferent arm of myotatic 
or stretch reflexes; activation of such reflexes causes the muscle to contract.

 7. How do you manage spasticity in paraplegic patients?
Spasticity can be managed pharmacologically and surgically. The most commonly used drugs include diazepam  
10 to 40 mg/day and baclofen 40 to 80 mg/day. For spasticity refractory to medications, intrathecal phenol or alcohol 
is recommended. Neurosurgical alleviation with cordotomy or rhizotomy is indicated for severe cases not responsive to 
medical care.

Mimis Cohen, MD, FACS, and 
Sai S. Ramasastry, MD, FRCS, FACS

Pressure sores

Table 95-1. Pressure Sore Staging System

Stage I Nonblanchable erythema of intact skin (heralding lesion of skin ulceration).

Stage II Partial-thickness skin loss involving epidermis or dermis. The ulcer is superficial and presents 
clinically as an abrasion, blister, or shallow crater.

Stage III Full-thickness skin loss involving damage to or necrosis of subcutaneous tissue that may extend 
down to, but not through, underlying fascia. The sore presents clinically as a deep crater with or 
without undermining of adjacent tissue.

Stage IV Full-thickness skin loss with extensive destruction, tissue necrosis, or damage in muscle, bone, 
or supporting structures (e.g., tendon or joint capsule).

From U.S. Department of Health and Human Services: Pressure Ulcers in Adults: Prediction and Prevention. Clinical Practice Guideline 
No. 3, Publication 97-0047, 1992.
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 8. What is the best modality for evaluation of pelvic osteomyelitis in patients with 
pressure sores?
The best modality is bone biopsy, which should not be done through the ulcer but rather through healthy skin. Several 
biopsies from various areas of the pelvis are necessary when generalized pelvic osteomyelitis is suspected.

 9. What other tests are helpful in establishing the diagnosis of pelvic osteomyelitis?
Several laboratory and imaging tests can be used, including erythrocyte sedimentation rate, white cell count, plain 
radiographs, computed tomography, and magnetic resonance imaging. Combined results of plain radiographs, white cell 
count, and erythrocyte sedimentation rate may have sensitivity as high as 89%.

 10. What is the treatment for pelvic osteomyelitis?
Patients with established pelvic osteomyelitis need to be treated for 6 to 8 weeks with appropriate intravenous antibiotics. 
Repeat bone biopsies may be necessary to confirm successful treatment prior to extensive reconstructive procedures.

11. How does vacuum-assisted closure assist in pressure sore care?
 • Removes excess interstitial or third space fluid, decreases capillary afterload, and promotes better capillary 
circulation and inflow

 • Decreases bacterial colonization
 • Increases vascularity and granulation tissue formation
 • Reduces size of wound; in some instances complete closure can be achieved
 • Assists in management of underlying osteomyelitis

12. How does the collection of third-space fluid interfere with wound healing?
 • It mechanically compromises the microvasculature and lymphatic system.
 • Increases capillary and venous afterload, thus impeding the delivery of oxygen and nutrients.
 • Inhibitory factors and toxins are accumulated around the wound. These factors suppress the proliferation of 
keratinocytes, fibroblasts, and vascular endothelial cells.

13. List the surgical steps for pressure sore closure.
 • Drainage of all collections
 • Wide débridement of all devitalized and scarred soft tissue
 • Excision of the pseudobursa
 • Ostectomy of all involved bone
 • Careful hemostasis and suction drainage
 • Obliteration of all residual dead space with well-vascularized tissue (muscle, musculocutaneous, fasciocutaneous flaps)
 • Closure without tension

14. What is the blood supply to the gluteus maximus muscle?
The superior and inferior gluteal arteries (branches of the internal iliac) supply the superior and inferior portions of the 
muscle. The piriform muscle is interposed between the superior and inferior pedicles. Both pedicles cross from medial to 
lateral and enter the undersurface of the muscle.

15. What are the various designs for the gluteus maximus musculocutaneous flap?
The gluteus maximus flap can cover sacral and ischial pressure sores. For coverage of sacral pressure sores, the 
gluteus maximus flap usually is used as a sliding musculocutaneous flap, as a V-Y musculocutaneous advancement 
flap, or as a rotation flap. For coverage of an ischial pressure sore, the most common method is to detach the 
muscle laterally from the greater trochanter and rotate it medially to cover the ischium. With the V-Y advancement, 
the muscle can be detached completely from the greater trochanter. In nonparalyzed patients, the central portion of 
the iliotibial tract and the muscle should be left attached to the trochanter to preserve function of the muscle.

16. What is the innervation of the gluteus maximus muscle? Can the gluteus maximus 
flap be used in nonparaplegic patients without functional deficit?
The gluteus maximus receives innervation from the superior and inferior gluteal nerves. The inferior gluteal nerve is 
more dominant; it is the strongest external rotator and extensor of the hip. As long as the inferior gluteal nerve is left 
intact and the muscle is not completely detached from the iliotibial tract and the greater trochanter, function can be 
preserved in ambulatory patients.

 17. What are the advantages of the gluteal perforator flap versus the classic gluteus 
maximus design?
 • Provides freedom in design and minimal donor site morbidity
 • Can be used in ambulatory patients
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 • Preserving the muscle provides the opportunity for repair of subsequent sores in paraplegic patients
 • Can provide coverage for sacral, ischial, and trochanteric defects
 • Can be used for defects in perineal and lumbosacral regions
 • Minimal blood loss during dissection
 • Various flaps can be concomitantly elevated from one donor site

 18. Which are the most significant anatomical considerations for the gluteal  
perforator flap?
 • There are 20 to 25 perforators penetrating the gluteus maximus muscle.
 • The length of these vessels varies between 3 and 8 cm, with diameters ranging from 1 to 1.5 cm.
 • Large-caliber perforators are found in the parasacral and central portion of the gluteus maximus muscle.
 • According to Koshima, use of even one perforator can be sufficient for flap perfusion.

 19. Which are the most significant technical considerations for the gluteal  
perforator flap?
 • Localization of the perforators around the sacrum is performed using a Doppler.
 • Flaps can be planned close to the defect and shaped as an island rectangular, elliptical, or triangular. Dimensions 
could vary according to the defect and can extend beyond the borders of the gluteus maximus muscle.

 • Flap dissection from the underlying muscle should proceed from the distal border of the flap to the proximal.
 • Major perforators are preserved and skeletonized by blunt dissection. If additional pedicle length is necessary, 
dissection of the vessels continues into the muscle.

 • Three to five perforators usually are preserved.
 • After inset of the flap, donor site is closed primarily.

 20. What is the blood supply to the gracilis musculocutaneous flap?
The dominant blood supply is the medial circumflex femoral artery, a branch of the profunda femoris. The pedicle 
courses from medial to lateral. It enters the undersurface of the muscle 10 to 12 cm inferior to the pubic tubercle.

 21. What is the blood supply of the lumbosacral back flap? What are its applications?
The lumbosacral or transverse back flap is based on the contralateral lumbar perforators, usually L1-L5. The flap covers 
a medium-size pressure sore of the sacral area. It includes only skin and subcutaneous tissue and does not provide 
adequate bulk. The lumbosacral flap is a secondary option for sacral pressure sores when other primary options are not 
available. The donor site needs to be skin grafted.

 22. What is the blood supply to the vastus lateralis muscle?
The descending branch for the lateral circumflex femoral artery, a branch of the profunda femoris. The vessel courses 
from medial to lateral. After emerging from beneath the rectus femoris muscle, it enters the anterior proximal belly of 
the vastus lateralis muscle approximately 10 cm inferior to the anterosuperior iliac spine.

 23. What is the blood supply to the rectus femoris muscle?
The blood supply of the rectus femoris muscle is derived from branches of the lateral circumflex femoral artery. 
The vessel courses from medial to lateral. Two to three branches enter the undersurface of the muscle at the 
proximal third.

 24. What is the blood supply to the gluteal thigh flap?
The blood supply to the gluteal thigh flap is the descending branch of the inferior gluteal artery. The surface landmark 
for flap design is the midpoint between the greater trochanter and the ischial tuberosity proximally. Distally, the flap can 
extend to the medial femoral condyle and the posterior border of the tensor fascia lata.

 25. What is the blood supply to the tensor fascia lata flap?
The blood supply to the tensor fascia lata flap is derived from a terminal branch of the lateral circumflex femoral artery 
from the profunda femoris artery, which supplies blood to the small tensor fascia lata muscle. The entire lateral thigh 
skin is vascularized by perforating arteries from this vessel.

 26. Describe the surgical anatomy and applications of the posteromedial thigh 
fasciocutaneous flap.
 • There are approximately 60 musculocutaneous perforators from the gracilis and the adductor magnus perfusing the 
area of the posteromedial thigh.

 • The main perforator, a branch of the medial circumflex artery, perforates the deep fascia from the adductor magnus at 
a mean vertical distance of 8 cm (range 6 to 10 cm) from the pubic tubercle.

 • This flap is located in the vicinity of the ischial area. It is simple to raise, and its use causes no donor site morbidity.
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27. Which flap can be used to cover perineal pressure sores?
In patients with an intact lower extremity, the gracilis muscle/musculocutaneous flap can be used. In patients with an 
urethrocutaneous fistula, the urethra should be reconstructed first over a stent, with a full-thickness skin graft tube.  
A gracilis muscle flap can then provide surface coverage. If the lower extremity is not present, the perineal defect can be 
covered with an inferiorly based rectus abdominis flap based on the deep inferior epigastric pedicle.

28. When is a total thigh flap recommended?
The total thigh flap should not be considered the optimal choice for management of primary sores. It is recommended 
for recurrent multiple pressure ulcers around the pelvis and perineum. Before reconstruction, coexisting pelvic 
osteomyelitis must be managed. A urethral fistula, if present in the perineum, should be repaired, or urine should be 
diverted before final reconstruction.

29. What measures does a successful total thigh flap include?
 • Extensive débridement of all devitalized soft tissue and bone
 • Careful planning of surgical incisions to maximize soft tissue use from the thigh and leg
 • Amputation of leg at appropriate level (if extensive defect is present, you can extend the thigh leg flap almost to the 
level of the malleoli)

 • Meticulous hemostasis and placement of multiple suction drains
 • Obliteration of all residual spaces and a tension-free closure

30. Which are the indications and technical consideration for use of the rectus 
abdominis musculocutaneous flap in patients with pressure sores?
 • Multiple and recalcitrant trochanteric and ischial pressure sores
 • Alternative technique for closure and reconstruction to hip disarticulation and total thigh flap or to a free flap
 • Extension of the overlying skin island at a minimum to the costal margin is necessary to provide coverage in the ischial area
 • Ipsilateral, but contralateral flap designs also can be used when needed
 • Division of the inguinal ligament provides for a relative increase in the flaps arc of rotation
 • No clinical deficit secondary to sacrifice of the rectus muscle should be anticipated

31. What are the advantages of close collaboration between the plastic surgery and 
rehabilitation medicine services in the treatment of pressure sores?
 • Decreased number of recurrences or new sores in the same patient
 • Better patient education aids rehabilitation efforts
 • Education of patients and their immediate families about skin care, pressure release cyclical maneuvers
 • Close inspection of satisfactory conditions for wheelchairs and pressure-related devices
 • Assistance with community reintegration
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Lymphedema

 1. What are lymphatics?
Endothelial-lined channels, derived from the outpouchings of veins, that travel with the venous system. Unlike blood 
vessels, lymphatics have a poorly defined basement membrane and large intercellular gaps that facilitate the diffusion 
of large proteins and lipids into the lumen.

 2. Describe the anatomy of the lymphatic system.
The lymphatic system is part of the circulatory system. It consists of lymphatics that connect lymph nodes as well 
as aggregations of lymphoid tissue in the walls of the alimentary canal, tonsils, spleen, and thymus. Circulating 
lymphocytes are produced in these tissues, including myeloid aggregations in the red bone marrow. Lymphatics 
transporting lymph (L. lympha, clear water) toward a lymph node are called afferent lymphatics, whereas lymphatics 
leaving a lymph node are termed efferent vessels.

Like the venous system, the extremities contain both superficial and deep lymphatics. Lymphatics in the superficial 
dermis do not contain valves and drain into valved subdermal and subcutaneous lymphatics. The deep system is located 
below the muscular fascia and contains valves. The superficial and deep systems are connected at regional lymph 
nodes. The thoracic duct drains the majority of the body (lower extremities, left trunk, left upper extremity). The thoracic 
duct originates from the cisterna chyli (which drains the intestinal and aortic lymphatic trunks) at the level of L4 and 
empties into the left subclavian vein. The right lymphatic duct drains the right head and neck, right upper extremity, and 
right thorax into the right subclavian vein.

 3. Are lymphatics present throughout the body?
No. Lymphatics are not found in the bone marrow, cartilage, cornea, central nervous system, intralobar liver, muscle, or 
tendon.

 4. What are the functions of the lymphatic system?
 • Transportation of Fluid and Proteins from the Interstitial Space to the Vascular System. Approximately 50% to 
100% of circulating plasma proteins (20 L/day) leaves the bloodstream and is recycled. Ninety percent of fluid 
and protein is returned to the vascular system by venous capillaries. The remaining 10% of high-molecular-
weight proteins and osmotically associated water are either reduced in size by macrophages to reenter venous 
capillaries or are returned to the circulation via lymphatics. Lymphatic flow is propelled by adjacent muscle 
contractions, venous pulsations, variations in intraabdominal and intrathoracic pressure, as well as valves that 
ensure unidirectional flow.

 • Transportation of Triglycerides and Chylomicrons in the Intestines. Small lymphatic capillaries, the lacteals, drain the 
intestine and contain high fat content. The content of these lymphatics, termed chyle (Greek chylos, juice), is returned 
to the bloodstream by the thoracic duct.

 • Defense Mechanism Through the Clearance and Presentation of Foreign Material to the Immune System. As lymph 
passes through nodes, particulate matter and microorganisms drained from an area are filtered and ingested by 
phagocytes and macrophages, preventing their entry into the bloodstream. In addition, when foreign proteins are 
drained by lymphatics, antibodies are produced as initial contact is made between the antigen and lymphocytes in the 
lymph node.

 5. What is lymphedema?
Lymphedema is the accumulation of protein-rich fluid in the interstitial space due to lymphatic dysfunction. Lymphatic 
flow must be reduced by 80% before interstitial fluid begins to accumulate as compensatory mechanisms such as 
increased macrophage activity and spontaneous lymphovenous anastomoses are exhausted. Dysfunction can be due to 
hypoplastic (83%) or hyperplastic (17%) lymphatics. Elevated concentrations of interstitial protein cause inflammation 
and fibrosis, leading to a cycle of further damage to lymphatics, worsening inflammation, and an enlarged extremity. 
Chronic lymphedema leads to deposition of fat and fibrous tissue.
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 6. Does lymphedema affect the superficial, deep, or both areas of the extremity?
Lymphedema involves only the superficial tissues, as lymphatics are not present in the muscle of the deep extremity 
compartments. In addition, increased intralymphatic pressure leads to valvular incompetence and backflow into the 
dermal plexus. The deep lymphatic system is more resistant to backflow because the lymphatics are adjacent to 
contracting muscle and are enveloped in tight fascia.

 7. Classify lymphedema.
See Table 96-1.

 8. Describe the epidemiology of lymphedema.
Lymphedema may affect as many as 140 to 250 million people throughout the world. Lymphedema usually involves 
the lower extremity (90%), upper extremity (10%), or genitalia (<1%). However, lymphedema can occur almost 
anywhere in the body, including the face, trunk, and breast. The most common cause of lymphedema in developing 
countries is infection due to the parasite Wuchereria bancrofti (filariasis), which can cause “elephantitis.” Treatment 
includes diethylcarbamazine, nonsteroidal antiinflammatory drugs (NSAIDs), and antihistamines. In the developed 
world, iatrogenic injury from the treatment of breast cancer is the most common inciting event. Lymphedema occurs 
in at least 8% of women after mastectomy, with as many as 38% developing lymphedema after axillary lymph 
node dissection and radiation. Nine percent of patients suffer bilateral lymphedema, and 40% of patients have 
progressive size of the extremity, although proximal extension occurs in only 7% of patients after the first year. Primary 
lymphedema affects women twice as often as men, usually involves the lower extremity, and is familial in 15% of 
patients. The most common type of primary lymphedema, lymphedema praecox, has a prevalence of approximately 
1:100,000.

 9. What is the differential diagnosis of lymphedema?
Other conditions that may cause increased limb size include venous stasis disease and lipedema. A swollen limb may 
be caused by systemic conditions that lead to fluid overload, such as cardiac and renal failure. In addition, disorders that 
result in low levels of intravascular proteins, such as nephrotic syndrome, hepatic failure, and malnutrition, will cause 
fluid accumulation in the extremity.

 10. How do you diagnose lymphedema?
Approximately 90% of patients can be diagnosed by history and physical examination (Table 96-2). Patients may report 
a history of mastectomy and radiation, travel to a developing country, or trauma or surgery in the axilla or groin area. On 
physical examination, lymphedema is nonpitting, affects the feet and hands, usually is not painful, has minimal pigment 
change, rarely ulcerates, typically is unilateral, and has a fluid protein content of 1 to 5 g/dL. In addition, patients with 
lymphedema have a positive Stemmer sign, which is the inability to grasp the base of the second toe or finger due to 
thickening and fibrosis of the subcutaneous tissue.

In contrast, venous stasis disease typically has pitting edema, pain, pigment changes, ulceration, and fluid protein 
content less than 1 g/dL. Lipedema usually is bilateral and does not involve the distal extremity. Patients with lipedema 
also have a negative Stemmer sign because lipedema does not affect the hands or feet. Systemic causes of fluid 
accumulation in the extremities usually are bilateral and respond to diuretics and elevation.

Table 96-1. Classification of Lymphedema

PRIMARY (IDIOPATHIC) SECONDARY (DUE TO INCITING EVENT)

TYPE CHARACTERISTICS TYPE EXAMPLES

Congenital (15%) Present at birth
Milroy’s disease (inherited)

Infection Parasite Wuchereria bancrofti
Infections involving groin, axilla

Praecox (75%) Between age 1 and 35 years
Usually occurs at puberty
Meigs’ disease (inherited)

Iatrogenic Division of lymphatics
Excision of lymph nodes
Radiation therapy

Tarda (10%) Late onset after age  
35 years

Trauma Blunt
Penetrating

Systemic disorders Autoimmune diseases
Benign growths (external 

compression)
Malignancy (intralymphatic, 

external compression)
Metastasis to lymph nodes
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 11. How do you measure the severity of lymphedema and follow treatment response?
Limb circumference should be measured every 5 cm during the initial consultation and at each visit to determine the 
severity of disease and the response to treatment. A 10% difference in limb circumference between the diseased and 
noninvolved extremity is mild disease, a 20% difference is moderate disease, and greater than 30% difference in limb 
circumference is severe lymphedema.

 12. What is the best imaging modality to confirm the diagnosis of lymphedema?
Lymphoscintigraphy has replaced lymphangiography as the gold standard for confirming the diagnosis of 
lymphedema. Lymphoscintigraphy is less invasive, more accurate, and does not risk allergic reaction to contrast dye 
or exacerbation of lymphedema. Lymphoscintigraphy has a sensitivity of 97% and a specificity of 100%. The test 
requires injection of technetium Tc99m-labeled antimony sulfur or albumin into the first or second interdigital web 
space of the affected extremity.

Lymphangiogram may be indicated to determine the location of an anatomic occlusion for preoperative planning of a 
bypass procedure. However, injection of contrast dye into lymphatics worsens the disease; 32% of patients will have 
an increase in leg volume and 19% will develop lymphangitis. Computed tomographic scan can differentiate between 
lymphedema and venous stasis because lymphedema usually has a honeycomb appearance. In addition, lymphedema 
shows increased skin thickness with normal subfascial muscle compartments. Venous stasis disease, in contrast, has 
normal skin thickness and an increased size of the muscular compartment. Lipedema shows normal skin and muscular 
compartment thickness with an enlarged subcutaneous space.

 13. What are the complications of lymphedema?
Psychosocial morbidity is the most common sequela of lymphedema. Infection is the next most frequent problem. 
Because of lymphatic stasis and the subsequent destruction of the lymph node cortex, patients with lymphedema 
are prone to cellulitis following minor trauma. Patients with lower extremity lymphedema are 71 times more likely to 
develop cellulitis than are nonlymphedematous patients. Twenty-nine percent of patients with lymphedema will have 
had at least one infection during the previous year, leading to hospitalization in one fourth of cases. Other complications 
of lymphedema include diminished extremity function and epidermal lymph leak (lymphorrhea).

Lymphangiosarcoma has an incidence of 0.5% in patients with lymphedema but may be as high as 10% in patients with 
severe lymphedema lasting for more than 10 years. Average survival is 19 months due to early metastasis. Because 
lymphangiosarcoma is resistant to chemotherapy and radiation, treatment is amputation. Lymphangiosarcoma in a 
lymphedematous upper extremity after mastectomy is termed Stewart-Treves syndrome.

LYMPHEDEMA
VENOUS STASIS 

DISEASE LIPEDEMA

SYSTEMIC DISEASE 
(CARDIAC, RENAL, 
HEPATIC FAILURE)

History and Physical  
Examination

Foot/hand affected + + − +

Bilateral − − + +

Pain − + − ±

Pigment change − + − ±

Pitting edema − + − +

Responds to diuretics − + − +

Stemmer sign + + − +

Ulceration − + − ±

Laboratory and Radiographic  
Investigation

Fluid concentration >1 g/dL + − − −

Increased skin thickness 
(CT/MRI)

+ − − −

Large muscle compartment 
(CT/MRI)

− + − −

Delayed flow on 
lymphoscintigram

+ − − −

Table 96-2. Differentiating Lymphedema from Other Causes of Swollen Extremity

CT, Computed tomography; MRI, magnetic resonance imaging.
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 14. How do you manage cellulitis in a lymphedematous extremity?
Cellulitis in an extremity with lymphedema may spread rapidly, causing sepsis and even death. Oral antibiotics should be 
started immediately, with a low threshold for admitting the patient for intravenous therapy. Patients must be educated 
about the prevention of local trauma as well as the maintenance of good skin hygiene. Prophylactic antibiotics reduce 
the incidence of cellulitis and are given to patients who have more than three episodes of cellulitis per year. Multiple 
episodes of infection are an indication for surgical intervention.

 15. What is the first-line treatment of symptomatic lymphedema?
Lymphedema should be treated initially with elevation and skin hygiene to prevent epidermal breakdown, lymphorrhea, 
fungal growth, and bacterial entry. Low pH, water-based lotions are used for skin care. Next, compression in the form of 
multilayer bandaging, custom-made elastic stockings, massage, or pneumatic pumps may be used. Pressure has been 
shown to reduce limb volume in a randomized, prospective manner. Specifically, compression bandaging and massage 
reduce volume by 26%, and pneumatic pumps decrease limb size by as much as 69%. Controlled compression therapy 
(CCT) using sequentially tighter custom-fit garments reduces edema by 47% after 1 year compared with a 15% volume 
reduction using a nonfitted sleeve without adjustments. Complex lymphedema therapy (CLT), which includes manual 
lymph drainage, compression bandaging, and physical therapy, can reduce limb volume by 80%, possibly by recruiting 
collateral lymphatics.

 16. How does pressure reduce limb volume?
Because pneumatic compression does not improve lymph transport by lymphoscintigraphy, pressure may reduce 
volume by increasing transport of lymph fluid (without protein) or by decreasing capillary filtration and thus the 
formation of lymph. Alternatively, compression may injure the lymphatic wall, opening junctions that facilitate fluid entry 
into the lymphatics. Another hypothesis is that a reduction of interstitial pressure allows collapsed lymphatics to become 
functional, which may explain why elevation improves lymphedema.

 17. What are the indications for surgical treatment of lymphedema?
Patients with significant loss of function, recurrent infections, or severe psychological morbidity, despite conservative 
therapy, are candidates for surgical intervention.

 18. Describe the surgical treatment options for lymphedema.
Surgical management may either reestablish lymphatic connections (physiologic procedures) or remove tissue 
(excisional procedures). Physiologic procedures have had little success, so excisional procedures are most commonly 
performed. Excising subcutaneous tissue and skin reduces lymph production while the subsequent increase in skin 
tension favors lymphatic return. Staged subcutaneous resection has been the most commonly performed procedure 
for lymphedema. Brorson has popularized the use of suction-assisted lipectomy for treatment of upper extremity 
lymphedema.

 19. List the types of physiologic procedures that have been described for the treatment 
of lymphedema.
 • Lymphangioplasty: Silk threads or other alloplastic materials have been used to act as a wick for improved lymph 
flow or to stimulate regenerating lymphatics. This technique has been complicated by infection and given poor 
results.

 • Flap Transposition
 • Thompson Procedure: An attempt to reestablish a connection between the superficial and deep lymphatics 
by burying a dermal flap into the muscle compartment. Success of the procedure is likely due to the large 
subcutaneous excisional component because reestablishment of lymphatic communications has not been proven. 
This technique has a high complication rate.

 • Omentum: Potentially efficacious for scrotal lymphedema but poor long-term results without evidence of lymphatic 
connections for extremity lymphedema. There is a risk of significant donor site complications.

 • Pedicled Flaps: After myocutaneous pedicled flap transfer in animal models, lymphatics are reestablished across 
the obstructed site and prevent lymphedema. However, this modality has had poor results in humans. The pedicled 
transposition flap with the greatest chance for success is an axial flap with normal lymphatics at the base of the 
flap as close as possible to the regional node basin.

 • Free-Tissue Transfer: Although lymphatics are reestablished between the transferred tissue and the recipient site in 
humans, this modality has not been used to treat lymphedema.

 • Microsurgical Anastomosis: Attempts to bypass a lymphatic obstruction or nonfunctioning lymphatics in patients with 
hyperplastic lymphedema. Because lymphatics have higher pressures than veins, lymph drains into veins.
 • Lymph Node–Venous Anastomosis: Must have normal nodes (not possible after node dissection). Patency 0% at 3 
months due to obliteration by scar tissue ingrowth.

 • Lymphaticovenous Anastomosis: Best results if treated early in the disease, with at least three anastomoses, and 
combined with an excisional procedure. The patency rate is 66% after 12 weeks. Improvement is obtained in 42% 
of patients with lymphaticovenous anastomosis only and in 60% of patients when combined with an excisional 
procedure after 4 years of follow up. For patients who improve, the average volume reduction is 44%.
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 • Lymphatic Grafting: For upper extremity lymphedema, two to three lymphatic trunks and afferent branches have 
been harvested from the upper medial thigh and used to bypass the axilla from the distal arm to the proximal neck. 
In the lower extremity, lymphatics have been harvested from the normal limb, keeping their afferent connection to 
the inguinal nodes and pedicled across the groin to the lymphedematous limb. After 3 years some patients had an 
80% reduction in limb volume. Complications included lymphedema in the donor extremity.

20. List the types of excisional procedures that have been described.
 • Charles Operation: Excision of skin, subcutaneous tissue, and fascia with skin grafting of muscle. Although this 
procedure has a very low recurrence rate, the cosmetic appearance of the extremity often is worse than that of the 
limb with lymphedema. The complication rate is high, and complications include ulceration, oozing, and contracture.

 • Staged Subcutaneous Excision: The most commonly performed surgical procedure for lymphedema. Subcutaneous 
tissue is excised maintaining skin flaps. It requires two stages: a medial resection followed by a lateral resection  
3 months later. Long-term improvement is seen in 79% of patients with lower extremity lymphedema. Less favorable 
results have been obtained treating upper extremity lymphedema.

 • Suction-Assisted Lipectomy: Liposuction has recently become the favored surgical intervention for upper extremity 
lymphedema. Using modern liposuction techniques, Brorson has prospectively maintained 106% volume reduction 
when combined with postoperative compression for greater than 4 years of follow-up compared with 47% volume 
reduction in patients treated with controlled compression therapy alone. This modality is better suited for early disease 
before fibrosis prohibits suctioning. Suction-assisted lipectomy reduces the annual risk of cellulitis from 41% to 10%.

21. What are the benefits of suction-assisted lipectomy compared with staged 
subcutaneous excision?
Subcutaneous excision requires multiple stages, is technically challenging, and requires long hospital stays. In addition, 
subcutaneous excision is associated with a 10% wound complication rate, sensory nerve injury, and extensive 
cutaneous scarring. In contrast, liposuction is minimally invasive, can be performed in one stage, and requires shorter 
hospital, operative, and recovery time. Furthermore, suction assisted lipectomy for upper extremity lymphedema is more 
efficacious for long-term volume reduction.

22. Is suction-assisted lipectomy effective for treatment of lower extremity 
lymphedema?
Yes. Although reports by O’Brien et al., Sando et al., and Louton et al. during the 1980s showed disappointing results, 
these authors did not perform circumferential suctioning, infuse tumescent solution, or use modern cannulas. Using 
current liposuction techniques, similar to those used by Brorson for treatment of upper extremity lymphedema, we have 
maintained 75% volume reduction of lower extremity lymphedema after more than 2 years of follow-up. Specifically, we 
use tumescence, power-assisted cannulas, circumferential suctioning, and postoperative compression.

23. What is the mechanism of liposuction edema reduction?
Subcutaneous fat contributes to the pathogenesis of lymphedema. First, lipids from interrupted lymph are consumed 
by adipocytes, leading to fat hypertrophy, thickened subcutaneous tissue, chronic swelling, and ultimately fibrosis. 
Second, because liposuction does not improve impaired lymph transport, its effect appears to be due to the removal of 
hypertrophied subcutaneous adipose tissue. In addition to removing pathologic adipose tissue, liposuction may slow the 
recurrence of lymphedema and protect against recurrent cellulitis, as liposuction has been shown to improve cutaneous 
blood flow. Interestingly, liposuction does not harm or improve the impaired lymph transport based on postoperative 
lymphoscintigraphy.

24. Is circumferential suctioning of the extremity safe?
Yes. Brorson has extensive experience with circumferential upper extremity liposuction without skin devascularization. 
In fact, cutaneous blood flow increases after suction-assisted lipectomy. Using tumescence and directing the cannula 
parallel to the extremity increase safety and reduce the risk of further lymphatic injury in extremity liposuction.

Controversies

25. Is blood pressure monitoring contraindicated in a lymphedematous extremity?
No. In the patient with bilateral upper extremity lymphedema or in whom an unaffected extremity may not be monitored 
due to bandages, anomalies, or infection, it is safe to obtain blood pressure measurements from the lymphedematous 
extremity. Bilateral upper extremity lymphedema is increasing as more women are undergoing bilateral mastectomy 
due to a greater prevalence of BRCA testing. The use of a blood pressure cuff should not be harmful to a limb with 
lymphedema because pressure is used to treat the disease. The mainstay of therapy for symptomatic lymphedema is 
compression in the form of multilayer bandaging, massage, custom-made elastic stockings, and pneumatic pumps. 
Custom compression garments exert a pressure of 40 mm Hg, whereas graduated compression garments transmit 
pressures up to 80 mm Hg. Higher pressures are exhibited by pneumatic pumps that emit a force of 150 mm Hg. Not 
only has the long-term application of compression garments and pneumatic pumps been shown to be safe, but they 
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also reduce extremity volume and the incidence of infection. If hours of pneumatic pump use and months of continuous 
pressure garments are not harmful to the lymphedematous limb, then sporadic blood pressure readings should not 
cause injury either. In fact, the pressure applied by the blood pressure cuff may potentially improve lymph drainage 
proximal to the site of application. However, as with any diseased extremity, manipulation of a lymphedematous 
limb should be avoided when possible. If no alternative site for blood pressure monitoring exists, the extremity with 
lymphedema can be used safely.

26. Does venipuncture increase the risk of infection in the lymphedematous limb?
No. The major risk of cannulating a vein in an extremity with lymphedema is infection because lymphedematous 
limbs are prone to cellulitis following minor trauma. However, evidence suggests that sterile penetration of the 
skin in a lymphedematous extremity does not cause infection. First, no reports of cellulitis from venipuncture in a 
lymphedematous extremity exist in the literature. Second, lymphangiogram, which requires a sterile cutdown to 
lymphatics in a lymphedematous extremity, has been associated with one case of infection in three studies of more than 
32,200 lymphangiograms. Third, cellulitis after lymphoscintigraphy, which requires the sterile injection of radiolabeled 
colloid into the interdigital web space of an affected extremity, has not been reported in studies of 573 cases. Finally, 
sterile surgical incisions do not increase the risk of wound infections in the lymphedematous extremity. Wound infection 
after suction-assisted lipectomy, with up to thirty 3-mm stab incisions, has not been described. In addition, after staged 
subcutaneous excision, despite long incisions, the incidence of infection in the extremity is significantly reduced. It is 
possible that surgical volume reduction reduces the risk of infection by improving skin circulation, removing colonized 
tissue, or decreasing proteinaceous fluid. Although venipuncture is safe in the lymphedematous extremity, venipuncture 
should be attempted in the unaffected extremity when possible.
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ReconstRuction of the Genitalia

 1. Describe the anatomy of the penis, including the fascial layers.
The anatomy of the penis begins with three erectile bodies: two corpora cavernosa and the corpus spongiosum, which 
surrounds the urethra. The corpora cavernosa, which contain the majority of erectile tissue, are surrounded by the tunica 
albuginea. The neurovascular bundle, containing the deep dorsal vein, dorsal artery, and paired dorsal nerves, lies between 
the tunica albuginea and Buck’s fascia, which surrounds all three corpora, followed by dartos fascia and skin (Fig. 97-1).

 2. Name the origin and branches of the common penile artery.
The common penile artery is a branch of the internal pudendal artery. Its branches are the bulbourethral artery, dorsal 
artery, and cavernosal artery. The branches of the dorsal artery include the circumflex branches, which contribute to the 
blood supply of the urethra, and the terminal branches, which supply the glans.

 3. What is the role of testosterone in genital development?
The enlargement of the genital tubercle and subsequent elongation of the phallus and developing urethra depend on 
the presence of testosterone. After conversion to dihydrotestosterone by the 5-alpha reductase enzyme testosterone is 
responsible for virilization of the external genitalia.

 4. Describe the common features of hypospadias.
 • Dystopic urethral meatus in a ventral position on the penis, scrotum, or perineum
 • Urethral plate distal to the dystopic meatus
 • Dorsally hooded foreskin (97% to 98%)
 • Ventral chordee (more than 50% of cases)

 5. Where is the most common location of the meatus in hypospadias?  
The least common?
 • Anterior meatus (glanular, subcoronal, distal penile shaft): 65%
 • Posterior meatus (posterior penile shaft, penoscrotal, scrotal, perineal): 20%
 • Medial meatus (midshaft): 15%

 6. What are the goals and components of hypospadias repair?
 • Straightening of the penile shaft (orthoplasty)
 • Creation of an adequate caliber urethra (urethroplasty)
 • Repositioning of the urethral meatus to the tip of the penis and creation of a symmetrical glans (meatoplasty and 
glanuloplasty)

 • Achieving a good cosmetic result (skin coverage and scrotoplasty) with normalization of voiding and erection

Skin

Dartos fascia

Buck’s fascia

Tunica albuginea

Space of Smith

Erectile tissue

Figure 97-1. Transverse section of the penis at the junction of its middle and distal thirds. The septum is correctly illustrated as strands 
that interweave with the tunica albuginea both ventrally and dorsally. (From Jordan GH, Schlossberg SM, Devine CE: Surgery of the penis and 
urethra. In Walsh PC, Retik AB, Vaughn ED, Wein AJ [eds]: Campbell’s Urology, 7th ed. Philadelphia, WB Saunders, 1998.)
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 7. Describe the distribution of the dorsal nerves to the penis. Why is it important to 
consider in surgical techniques for the correction of congenital penile curvature?
In 1997, Baskin et al. presented neuroanatomic studies of the human fetal penis. They demonstrated that the branches 
of the dorsal nerve extend from the 11 o’clock and 1 o’clock positions to the 5 o’clock and 7 o’clock positions on the 
corpora cavernosa. In dorsal plication techniques for correction of congenital penile curvature, or chordee, the plication 
should be performed at the 12 o’clock position. In this area, the tunica albuginea is the strongest and potential nerve 
injury, which could affect later sexual function, can be avoided.

 8. What are the causes of chordee?

 9. What are the two most common complications of a hypospadias repair?
Urethrocutaneous fistula and urethral stricture complicate approximately 10% to 15% of all hypospadias repairs.

 10. Should you look for other congenital anomalies in a patient with hypospadias?
The most common anomalies associated with hypospadias are cryptorchidism and inguinal hernia; the incidence  
of each is approximately 9%. Anomalies of the upper urinary tract are infrequent unless other organ system 
anomalies, such as myelomeningocele or imperforate anus, are present. Routine screening of the upper urinary tract 
is not indicated in patients with isolated hypospadias or with hypospadias associated with undescended testes or 
inguinal hernia.

 11. What are the classic features of the exstrophy/epispadias complex?
 • Divergent rectus with exposed bladder plate
 • Low umbilicus
 • Widening of the symphysis pubis
 • Anteriorly displaced anus
 • Short penis with divergent corpora, dorsal chordee, and dorsally displaced meatus (epispadias)
 • Short urethra
 • Short vagina with stenotic anteriorly displaced orifice
 • Bifid clitoris and divergent labia, mons pubis, and clitoris

 12. How does exstrophy occur?
Exstrophy results from failure of the cloacal membrane to rupture, which prevents medial mesenchymal ingrowth. 
Therefore proper development of the lower abdominal wall is impeded.

 13. What are the goals of extrophy reconstruction?
 • Abdominal wall closure
 • Bladder closure with adequate capacity
 • Achievement of urinary continence
 • Preservation of renal function
 • Functional and cosmetic genital reconstruction

 14. What is the most common cause of ambiguous genitalia? What is the most common 
enzyme abnormality?
Congenital adrenal hyperplasia is the most common cause of ambiguous genitalia; deficiency of 21-hydroxylase is the 
most common enzyme abnormality.

 15. List the categories of ambiguous genitalia.
 • Female Pseudohermaphroditism. Affected children have a 46XX chromosomal pattern and ovaries. Congenital adrenal 
hyperplasia is the most common diagnosis.

 • Male Pseudohermaphroditism. Affected children have a 46XY karyotype and testicular tissue. Defects in androgen synthesis, 
response to androgens, and failure of müllerian regression are among the many causes of incomplete virilization.

 • True Hermaphrodite. The most common karyotype in affected children is 46XX, but the 46XY or mosaic karyotype is 
also found. Both ovarian and testicular tissues are present.

Congenital Causes Acquired Causes
Fibrosis of the corpus spongiosum
Skin tethering to the corpus spongiosum
Deficiency of Buck’s fascia or corpora cavernosa
Hypoplastic urethra
Differential corporal growth

Peyronie’s disease
Periurethral fibrosis associated with stricture disease
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 • Mixed Gonadal Dysgenesis. Most affected children have a 46XY/45XO karyotype with a testis on one side and a 
dysgenetic or streak gonad on the other. The internal structures are variable.

 • Pure Gonadal Dysgenesis. Affected children may have a 45XO, 46XX, or 46XY karyotype. They usually do not present 
with ambiguous genitalia but rather with delayed puberty in adolescence or adulthood. Bilateral streak gonads 
and müllerian ductal structures are present. Because of high malignant potential, early bilateral gonadectomy is 
recommended for patients with 46XY karyotype.

16. What considerations contribute to gender assignment?
A multidisciplinary approach is paramount to successful diagnosis, management, counseling, and gender assignment. 
Functional anatomic potential, including consideration of phallus size, plays a major role in gender assignment. Less 
consideration is given to potential fertility and karyotype.

17. What are the anatomic divisions of the urethra?
 • The posterior urethra is the portion proximal to the bulb and includes the prostatic and membranous urethra.
 • The anterior urethra lies distal to entry into the bulb and includes the bulbar, penile, or pendulous urethra and fossa 
navicularis. The anterior urethra is contained within the corpus spongiosum.

18. Name three causes of urethral stricture disease.
 • Trauma or crush injury
 • Instrumentation such as Foley catheterization or cystourethroscopy
 • Infection (most likely gonorrhea)

 19. What studies are involved in the preoperative evaluation of urethral stricture?
As always, you must begin with a history and physical examination. The presence of a stricture is suggested by voiding 
symptoms such as decreased force of stream, urinary frequency, nocturia, and dysuria. Physical examination may reveal 
the inability to pass a catheter. Urinalysis and culture should be performed to rule out infection. The stricture must be 
characterized radiographically using a retrograde urethrogram, voiding cystourethrogram, or both. Ultrasound helps to 
characterize the length, depth, and density of the stricture. Urethroscopy provides information about the elasticity of the 
stricture.

 20. What tissues are available for reconstruction of the urethra?
 • Preputial, penile shaft, or scrotal skin
 • Free graft of buccal or bladder mucosa
 • Free graft of extragenital skin
 • Tunica vaginalis pedicle flap
 • Mucosa of the tongue (lingual mucosal graft, LMG)

 21. Who was Peyronie?
François de la Peyronie was a French barber surgeon who commanded the surgical corps for King Louis XIV. Although 
descriptions of similar penile deformities can be found in ancient Roman literature, Peyronie described the disease that bears 
his name in a patient who “had rosary beads of scar tissue causing an upward curvature of the penis during erection.”

 22. What is the cause of Peyronie’s disease? What is the most commonly associated 
physical finding other than penile curvature?
The exact cause of Peyronie’s disease is elusive. The most commonly held belief is that the plaque is the end result of an 
inflammatory response to trauma to the erect penis. Beta-blocking agents also have been associated with the development 
of plaques. Dupuytren’s contracture occurs in approximately 10% to 30% of patients with Peyronie’s disease.

 23. If a patient presents with significant penile curvature, what are the important 
considerations for recommending treatment?
The goal of treatment in Peyronie’s disease is to preserve or restore sexual function. Important considerations in 
the treatment include concomitant erectile dysfunction, penile pain, duration and stability of curvature, and patient 
satisfaction with sexual function. Treatment should begin with vitamin E until the plaque has matured or the degree of 
curvature is stable.

24. What materials or tissues have been used in plaque incision or excision and grafting?

Dermis
Tunica vaginalis
Modified human fascia lata

Dacron
Dexon
Dorsal lamina of rectus sheath

Dura
Vein
Buccal mucosa
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 25. What additional procedure should be considered in patients with erectile dysfunction 
and Peyronie’s disease?
In patients with erectile dysfunction in addition to penile curvature, placement of a penile prosthesis at the time of 
repair of the curvature should be considered. Placement of a prosthesis in patients without erectile dysfunction is 
controversial.

 26. After exploration to determine the extent of the injury, how should you manage a 
degloving injury to the penis?
Currently, most degloving injuries to the penis and scrotum are managed with immediate reconstruction using   
split-thickness skin grafting. A sheet graft is used on the penis, and a meshed graft reproduces a rugated appearance 
on the scrotum. Another option is to bury the penis in a subcutaneous abdominal pouch and the testes in thigh pouches 
for delayed reconstruction.

 27. What is Fournier’s gangrene?
Fournier’s gangrene is a rapidly progressive, fulminating infection of the perineum and genital area caused by multiple 
organisms, including aerobic and anaerobic bacteria. The most common predisposing factor is diabetes mellitus; 
however, local trauma, paraphimosis, perianal or perirectal infections, periurethral extravasation of urine due to 
instrumentation, and stricture disease are other risk factors. The disease most commonly presents as a cellulitis with 
prominent pain and marked systemic toxicity. Crepitus is an early finding. Recognition of a potential case of Fournier’s 
gangrene is critically important due to the rapid progress of the disease, with a mortality rate of approximately 20%. 
Broad-spectrum antimicrobial therapy, intravenous hydration, and wide surgical débridement are essential in the 
early management. Urinary and fecal diversion may be necessary. Because the blood supply to the testes arises from 
the spermatic cord, the testes usually are spared and orchiectomy is not required. Thigh pouches may be created for 
coverage of the testes. Serial débridement and later reconstruction with skin grafting and myocutaneous flaps may be 
necessary.

 28. What is the most common technique for penile reconstruction and phallic 
construction?
In the past, phallic reconstruction was performed using tubed abdominal flaps in multistage procedures. Chang and 
Hwang popularized the use of radial forearm flaps in 1984. Although the technique has undergone many modifications 
since its original description, use of the forearm flap remains the standard. Penile rigidity is achieved by use of an 
external device or an implanted prosthesis. Prosthesis implantation is delayed at least 1 year from reconstruction to 
ensure urethral patency and durability as well as viability of the forearm flap.

 29. What are the options for construction of a vagina?
 • Bowel (sigmoid colon most commonly)
 • Flaps (pudendal–thigh flap)
 • Split-thickness skin graft or full-thickness skin graft (with or without tissue expanders)
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 1. List three functions of the skin that are lost when thermal injury occurs. What are 
the consequences?
 • Skin, the largest organ of the body, is a barrier to heat loss. In the case of an acute burn, care must be taken to keep 
the patient warm and avoid hypothermia.

 • Skin is a barrier to evaporative losses. Free water losses frequently need replacement in patients with major burn injury.
 • Skin is a barrier to microbial invasion. Thus the burn patient is highly susceptible to infection.

 2. What is the incidence of burn injury in the United States?
In the United States, 500,000 burn injuries requiring medical attention occur annually. Approximately 40,000 of these 
require hospitalization; 2500 of these have major burns involving at least 30% of their total body surface area (TBSA).

 3. What are the criteria for referring a patient to a specialized burn center?
 • Inhalation injury
 • Burn size >10% TBSA in any patient
 • Any full-thickness burn
 • Burn wound involvement of the face, hands, feet, perineum, genitalia, or major joints
 • Associated trauma
 • Comorbid states
 • Special social situations (e.g., child abuse)
 • Electrical burns, including lightning injury
 • Chemical burns
 • Burned children in hospitals without qualified personnel or equipment for the care of children

 4. What are the immediate concerns about the airway of patients with a thermal 
injury?
The airway must be assessed immediately. If the patient has suffered a burn to the upper airway, intubation is necessary 
to prevent upper airway obstruction due to edema. The airway is assessed most accurately by nasopharyngoscopy. If 
the examination is performed immediately after injury (0 to 4 hours) and the result is normal, it may need to be repeated 
4 to 6 hours later. Edema may not manifest until 6 to 8 hours after injury. Edema should reach a maximum by 24 hours 
after injury.

 5. What three factors suggest an inhalation injury?
History of the fire occurring in an enclosed space, production of carbonaceous sputum, and elevated carboxyhemoglobin 
(COHG) level (>10%). If all three factors are present, it is highly likely that the patient has suffered an inhalation injury.

 6. What diagnostic measures can be used to confirm inhalation injury?
Fiberoptic bronchoscopy can be performed at the bedside. Examination of the lower airway may reveal deposition 
of carbonaceous particles as well as mucosal edema. If the examination is done soon after injury or if the patient 
has not been adequately resuscitated, edema may not be evident. Regardless of the findings on bronchoscopy, 
clinical management of the inhalation injury initially is based on adequate oxygenation and ventilation. A xenon 
ventilation−perfusion lung scan is the most definitive study for diagnosis of inhalation injury, but it is time consuming 
and requires transport of the patient to the radiology department.

 7. What are the concerns in transporting a burn victim from a community hospital to a 
specialized burn center?
The airway must be adequate. If there is any question that the airway may obstruct, the patient should be intubated, 
preferably via the endotracheal route. Fluid resuscitation should be in progress using the Parkland formula. Two 
  large-bore IVs should be placed. The patient must be kept warm. Avoid wet dressings, which tend to make the patient 
hypothermic. The simplest strategy is to wrap the patient in a dry, sterile sheet.
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 8. How is inhalation injury managed acutely?
An adequate airway must be secured. The patient must be adequately ventilated and oxygenated. Mechanical ventilation 
may be required; 100% oxygen should be administered to enhance the offloading of carbon monoxide from hemoglobin. 
The half-life of carbon monoxide on room air is 4 to 5 hours; on 100% oxygen it is reduced to approximately 45 minutes. 
The patient should be maintained on 100% oxygen until the COHG level is <10%. The patient’s mental status must 
be assessed and monitored. If the patient’s mental status improves initially but subsequently deteriorates, hyperbaric 
oxygenation treatments may be indicated.

 9. When are prophylactic antibiotics and/or steroids indicated for  
inhalation injury?
Never. Prophylactic antibiotics for an inhalation injury do not prevent postinhalation pulmonary infectious complications; 
they only select resistant organisms. Once a pulmonary infection develops, it is more difficult to treat. Steroids should 
not be used in inhalation injury. They are of no benefit and increase mortality threefold.

 10. Describe the resuscitation of thermally injured patients.
Burn wounds involving greater than 20% TBSA typically mount a systemic inflammatory response with resultant 
capillary leak. Fluid requirements are estimated initially with the Parkland formula:

Fluids required for the first 24 hours = (4 cc) × (Patient’s weight in kilograms) × (%TBSA burned)

Half of the fluid is given over the first 8 hours after injury. The second half is given over the remaining 16 hours. The 
Parkland formula is only an estimate. Some patients require more than the predicted amount of fluid, and some patients 
require less. The patient must be continually monitored by repeatedly evaluating heart rate, blood pressure, urine output, 
and acid–base status. Fluids need to be adjusted accordingly.

 11. Describe the initial resuscitation of a child with burn injuries.
Fluid requirements in children are estimated with the Parkland formula, as in adults. In addition, because of a larger 
body surface area-to-weight ratio, pediatric patients require additional maintenance fluids, usually administered as 
D5 ½NS. In addition to the fluid volume, some carbohydrate is provided with the D5 ½NS. Because glycogen stores 
are minimal in young children, hypoglycemia is a potential problem unless exogenous carbohydrate is provided.

 12. How is the size of the burn estimated?
The most accurate method is the Berkow diagram (Table 98-1), which allows for differences in various age groups. The 
rule of nines is a simpler method but less accurate:

For small or scattered burns, a helpful rule is that the area of the patient’s open hand (palm and extended fingers) is 
approximately 1% TBSA.

 13. How is the depth of the wound classified?
Historically, wound depth has been classified as first, second, or third degree. A first-degree wound involves only the 
epidermis. The classic example is sunburn. A second-degree wound involves the epidermis and dermis but does not 
extend through the dermis. Second-degree wounds are further classified as superficial partial or superficial dermal and 
deep partial or deep dermal depending on the depth of the wound. Superficial  partial-thickness wounds appear pink 
and moist and usually heal spontaneously within 3 weeks. Deep partial-thickness wounds look dry and pale, sometimes 
having a mottled appearance. These wounds usually take longer than 3 weeks to close spontaneously. A third-degree 
burn is a full-thickness injury that involves the entire epidermis and dermis. The pathognomonic finding on physical 
examination is thrombosed vessels. A fourth-degree burn extends deep to the bone.

 14. Describe the management of burn wounds involving the extremities.
Any limb with a burn wound requires elevation acutely to minimize edema formation. If wounds are circumferential or 
nearly circumferential, pulses need to be assessed hourly. Doppler ultrasound may be required for accurate assessment, 
as palpation of pulses is difficult in the edematous limb. In the upper extremity, the palmar arch pulse, radial pulse, 
and ulnar pulse should be evaluated. In the lower extremity, the dorsal pedal and posterior tibial pulses should be 

Head and neck = 9% TBSA
Each upper extremity = 9% TBSA
Each lower extremity = 18% TBSA

Posterior torso = 18% TBSA
Anterior torso = 18% TBSA
Perineum = 1% TBSA
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checked. If a pulse previously detectable by Doppler examination is lost, escharotomies must be performed. The obvious 
exception is the patient who is not adequately resuscitated, as manifested by decreased blood pressure, inadequate 
urine output, and poor perfusion in an uninvolved limb.

15. Why is pain control important in burn patients?
Pain causes a rise in heart rate, blood pressure, and metabolic rate. With adequate pain control, the patient is less 
hypermetabolic, and heart rate and blood pressure are better controlled. Inadequate pain control also results in an 
increased incidence of posttraumatic stress disorder during recovery and rehabilitation. The rate of nurse burnout is also 
decreased when nursing staff is allowed to adequately control patients’ pain.

16. What is burn wound anemia?
A patient with a significant thermal injury frequently manifests anemia until the wounds are closed. Anemia results from 
the shortened half-life of red blood cells in burn patients (40 days vs normal half-life of 120 days).

 17. What are the various options available for managing the partial-thickness burn wound?
Initially a topical antimicrobial is used for most partial-thickness wounds. Various agents are available, including 
povidone-iodine ointment, silver sulfadiazine cream, silver nitrate solution, mupirocin ointment, Polysporin ointment and 
powder, and mafenide acetate cream and solution (5%). Mafenide acetate is the only agent that penetrates eschar. It 
is a carbonic anhydrase inhibitor and, when used in the cream form over a larger surface area, can cause a metabolic 
acidosis. Its use in the cream form is also associated with significant pain. The 5% solution rarely has these side effects.

Enzymatic agents are useful in expediting the débridement of partial-thickness wounds. Presently, the only available 
débriding agent is collagenase. When use of collagenase was compared with silver sulfadiazine, earlier débridement to 

Table 98-1. Berkow Diagram to Estimate Burn Size (%) Based on Area of Burn  
in an Isolated Body Part*

Body PART 0–1  yR 1–4  yR 5–9  yR 10–14  yR 15–18  yR AdulT

Head 19 17 13 11 9 7

Neck  2  2  2   2 2 2

Anterior trunk 13 13 13 13 13 13

Posterior trunk 13 13 13 13 13 13

Right buttock  2.5  2.5  2.5  2.5 2.5 2.5

Left buttock  2.5  2.5  2.5  2.5 2.5 2.5

Genitalia  1  1  1  1 1 1

Right upper arm  4  4  4 4 4 4

Left upper arm  4  4  4 4 4 4

Right lower arm  3  3  3 3 3 3

Left lower arm  3  3  3 3 3 3

Right hand  2.5  2.5  2.5 2.5 2.5 2.5

Left hand  2.5  2.5  2.5 2.5 2.5 2.5

Right thigh  5.5  6.5  8 8.5 9 9.5

Left thigh  5.5  6.5  8 8.5 9 9.5

Right leg  5  5  5.5 6 6.5 7

Left leg  5  5  5.5 6 6.5 7

Right foot  3.5  3.5  3.5 3.5 3.5 3.5

Left foot  3.5  3.5  3.5 3.5 3.5 3.5

*Estimates are made, recorded, and then summed to gain an accurate estimate of the body surface area burned.
From Townsend CM, Beauchamp RD, Evers BM, Mattox KL (eds): Sabiston Textbook of Surgery: The Biological Basis of Modern 
Surgical Practice, 18th ed. Philadelphia, Saunders, 2008.
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a clean dermis occurred with collagenase. Furthermore, with earlier débridement to a clean dermis, reepithelialization 
occurred faster.

Once a clean wound bed has been achieved (i.e., no necrotic tissue and no bacteria), a barrier dressing can be applied. 
Options include allograft (cadaver skin), xenograft (pigskin), Biobrane, and Transcyte. Allograft provides for good 
vascularization of the wound bed. A major disadvantage to its use is cost. Recent concerns exist concerning possible 
transmission of viral infections. Xenograft is less expensive. It is a reasonable option in the superficial partial-thickness 
wound. Biobrane, one of the older synthetic barrier dressings, is a bilaminar material with an outer layer composed of 
silicone and nylon fabric and an inner layer of collagen. Transcyte is Biobrane with the addition of neonatal fibroblasts. 
Silver-containing barrier dressings have become available. A variety of materials that contain silver, such as Acticoat, 
Aquacel Ag, and Silveron, provides the clinician more options for treatment of clean open wounds. The perfect temporary 
wound dressing has not been found, and new products are continually marketed.

 18. What is meant by tangential excision and fascial excision?
Tangential excision is a technique used to remove the burn eschar. Basically, the eschar is removed tangentially in layers 
until all of the necrotic tissue has been excised and a viable wound bed is present.

Fascial excision removes the skin and entire subcutaneous layer down to the fascia. Usually it is reserved for very deep 
burn wounds or burn wounds in elderly patients.

 19. How and when is a skin graft done?
The first step in grafting a burn wound involves preparation of the recipient site with tangential or fascial excision of 
the eschar. Once a viable bed is present, a split-thickness graft is harvested from a donor site. The skin graft usually is 
secured to the recipient site with sutures, staples, or fibrin sealant. This procedure, referred to as excision and grafting, 
is indicated for any deep partial- or full-thickness burn wound and should be performed at the earliest convenient 
time once the patient has been adequately resuscitated and is stable from a hemodynamic and respiratory standpoint. 
Indeterminate wounds should be observed initially. Once it becomes evident that spontaneous closure will take longer 
than 3 weeks, excision and grafting should be performed. Wound closure should be accomplished by day 21 after the 
burn to avoid contracture and scarring and thereby offer optimal functional and cosmetic results.

 20. What are the reasons for graft failure?
 • Inadequate vascular perfusion
 • Infection
 • Accumulation of fluid under the graft
 • Residual eschar (necrotic tissue) on the graft bed
 • Mechanical shear forces

 21. What is a meshed graft versus a sheet graft?
In a meshed graft, perforation holes are created to prevent accumulation of fluid or blood under the graft. Depending 
on the size of the mesh, a skin graft can be stretched to cover an area significantly larger than the original donor site. 
Because sheet grafts have no holes, the risk of hematoma formation or fluid accumulation under the graft is increased. 
Sheet grafts are preferred from a cosmetic and functional standpoint.

 22. What is Integra artificial skin? When should it be used?
Integra artificial skin is a matrix of glycosaminoglycan and collagen. It provides a scaffold whereby the body’s fibroblasts 
can lay down collagen in an organized fashion. Thus, a neodermis is formed rather than scar tissue. A sheet of Silastic 
covers the artificial skin, providing barrier function. The burn wound must be excised early. The artificial skin is laid 
in place and secured with staples. A neodermis is allowed to form, then the Silastic is removed and a thin skin graft 
(6/1000 inches) is used to close the wound. With such a thin graft, little dermis is transferred. Thus donor sites can be 
used numerous times. The indications for artificial skin are large burn injuries and the need to limit the size of the donor 
site (e.g., in patients with an associated inhalation injury or geriatric patients). Integra artificial skin is also used for burn 
scar reconstruction.

 23. How are thermal injuries to the perineum and genitalia managed?
Good local wound care is the mainstay for wounds of the perineum and genitalia. Because this area has an excellent 
blood supply, most wounds heal spontaneously. Excision and grafting to the perineum and/or genitalia are technically 
difficult. For these reasons, wounds of the perineum and genitalia usually should not be managed with early excision 
and grafting. If after 3 to 4 weeks a red granulating wound results, skin grafting can be performed. Catheterization is not 
indicated for burns of the perineum or genitalia unless it is needed to monitor fluid status.
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 24. Describe the management of foot burns.
Foot burns are the most common burns to fail attempted outpatient management. The foot is often in a dependent 
position, thus contributing to post burn edema. The persistent edema provides an environment in which cellulites can 
easily develop. Early elevation is mandatory for any foot burn. The skin of the foot has fewer skin appendages, so 
wounds on the foot are often slow to heal. Because the foot is a functional part of the body, an expedient closure with a 
skin graft is often indicated to minimize scaring and optimize function.

 25. How is wound healing affected by the aging process?
As a person ages, the dermis atrophies. Burn injury depth often is deep partial- or full-thickness in the elderly. 
Furthermore, fewer skin appendages are present in the skin of geriatric patients. Thus spontaneous reepithelialization of 
a middermal or deep dermal wound is slow. If wounds are located on the feet or legs, an element of peripheral vascular 
disease may contribute to delayed healing.

 26. Why is nutrition important in the burn patient, and how are nutritional requirements 
determined?
Severe burn injury results in an increased metabolic rate and oxygen consumption. Weight loss is directly proportional 
to the size of the burn injury. Inadequate supply of protein and kilocalories leads to decreased immunocompetence and 
abnormal wound healing. Caloric requirements can be estimated using the Curreri formula, which recommends a daily 
amount of 25 kcal/kg plus 40 kcal/% of TBSA burned. Protein requirements can be met with 1 to 2 g/kg/day. Nutritional 
status should be monitored at least twice weekly with a serum prealbumin. Nitrogen balance studies are difficult to 
interpret in the burn patient secondary to nitrogen losses from the wounds.
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ElEctrical injuriEs

 1. What is an electrical injury?
Lee and Astumian have defined electrical injury as tissue injury resulting from exposure to supraphysiologic electric 
currents or forces.

 2. How common are electrical injuries in the United States?
Deaths from electrical exposure typically occur in 0.5:100,000 population per year in the United States. In 1994, 84 deaths 
due to lightning strikes and 561 deaths due to electrical exposures not related to lightning occurred in the United States.

 3. What are the mechanisms for electrical injury?
Tissue damage pathomechanics in electrical injury are complex. However, three mechanisms dominate:

1. Current-generated heating with resulting thermal burn,
2. Direct electrical forces puncture of cell membranes (electroporation), and
3. Direct electric force denaturation of cell membrane protein.

Passage of electrical current through a solid body results in conversion of electric energy to heat, a phenomenon termed 
joule heating. The heat production (Q) is proportional to the square of the current (I), the tissue resistance (R), and the 
time of contact (t):

Q ∝ I2Rt

The direct effects of the electric forces on the cell membrane can lead to the creation of large pores, a process 
referred to as electroporation. These pores can lead to ion leakage, the escape of metabolites, and a pathologic 
membrane permeability to macromolecules as large as deoxyribonucleic acid (DNA). Electric forces can also lead to the 
denaturation of membrane proteins.

 4. Why is the term “electrical burn” imprecise?
The use of the term “burn” implies that the mechanism for tissue injury is entirely thermal in origin. However, electrical 
injuries arise from both thermal and nonthermal mechanisms.

 5. To what does the term “entrance and exit points” refer?
This somewhat archaic term arises from the concept of a direct current traveling from a site of higher potential 
(voltage) to a site of lower potential, with the intervening human body serving as a conductor. The portion of the 
patient in contact with the higher voltage is considered the “entrance” site, whereas the site of lower potential is the 
“exit” site. Alternating current (AC) is characterized by a reversal of the direction of current flow with each half cycle 
of the frequency of the power source. Therefore in most circumstances each anatomic contact point is both  
an entrance and exit point.

 6. What is the voltage of typical wall outlets in the home?
Wall outlets in American homes are characterize by AC of 60 Hz (cycles per second) and a line-to-line voltage of 
110 V or 120 volts for general use. In addition, most homes have a line-to-line voltage to 240 V for high-power 
appliances.

 7. Describe how to calculate the current that a victim might be exposed to during an 
electrical injury.
The current that is involved in an accident must be calculated, using the known voltage from the outlet and estimating 
the resistance offered by the body, the contact, and the ground. These parameters are often not known because of 
the various types of clothing and protective gear often used. The resistance offered by the tissues of the human body, 
excluding resistance at the interface between the skin and the voltage source, is approximately 500 to 1000 ohms 
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between the two hands, between the two feet, or between a hand and a foot. Thus the maximum current that an 
individual could experience while grounding their home electrical outlet is:

I = V/R,

or 

I = 120 V/500 ohms = 0.24 A

We expect the actual current that the individual experiences to be much less because of the additional resistance 
between the skin and the contacts.

 8. What is the minimum voltage necessary for soft tissue injury?
The type of current, its frequency, and its magnitude determine the body’s response to the injury. For an individual to 
experience ventricular fibrillation following contact with a voltage source, for instance, the magnitude of AC necessary is 
measurably less than that required from a direct current source. Likewise, a 1-kHz source will require a higher current 
than a 60-Hz source to produce ventricular fibrillation.

A 60-Hz current, which is typical of wall outlets, with a magnitude of 0.5 mA will produce a startle response. Current greater 
than 10 mA through the forearm may not allow the victim to release his/her grip on the contact. This is referred to as the 
let-go threshold and likely is due to electrical stimulation of the dominant forearm flexors. Exposure to a current of 50 mA 
for more than 2 seconds can induce ventricular fibrillation, whereas 1 A can induce immediate fibrillation or asystole as well 
as lysis of skeletal muscle and nerve lysis. The effect on the heart depends on the anatomic path of current flow.

 9. Describe the common modes of exposure to damaging electric fields.
Victims experience electrical injury when electrical contact is established with an electric power source. Arcs and 
flames are good electrical conductors and often mediate the contact under high-voltage conditions. Thermal and 
thermoacoustic blast injury from the heat from the electric arc also may cause injury.

Electrical contact with the voltage source contributes to joule heating, electroporation, and protein denaturation.

Thermal injury from an electric flash commonly occurs when the victim is in proximity to an electrical arc. The 
temperature of an electrical arc can approach 25,000°C. Heat from the arc can cause a blast injury or thermal injury. 
The patient may describe being some distance from the site of the electrical disturbance. On examination, the patient 
may not have identifiable contact points. Instead, the patient may have partial- to full-thickness thermal burns similar in 
character to other nonelectrical burns.

Secondary injuries from the electrical exposure include falls from elevated high-tension wires and tetanic contractions 
from the current leading to cervical or long bone fractures.

 10. How are electrical injuries classified?
Clinicians divide electrical injuries into high- and low-voltage injuries based on the voltage at the point of contact.  
High-voltage electrical injuries arise from contact with sources greater than 1000 V; low-voltage electrical injuries 
arise from contact with voltages less than 1000 V. This definition has significance in that, at high voltage, the contacts 
typically are arc mediated, which means that the victim is very unlikely to hold on to the electrified contact.

The clinical classification of high- and low-tension injuries is distinct from an electrical utility industry classification 
scheme for power lines. Clinically, high-voltage shock differs from low-voltage shock in that arc-mediated electrical 
current flow can precede mechanical contact under high-voltage conditions. The voltages delivered by three-phase 
power lines are categorized as low, medium, high, extra-high, and ultra-high. Low voltages are less than 600 V, medium 
voltages range from 2400 V to 69 kV, high voltages range between 115 kV and 230 kV, extra-high voltages range from 
345 kV to 765 kV, and ultra-high voltages are greater than 1.1 MV. The most common injuries involving utility lines 
involve medium-range voltages because of the prevalence of these voltages among transmission lines. Using this 
scheme, note that a medium line voltage may cause a high-voltage injury.

 11. What additional portions of the history, as they relate to the electrical exposure, 
must be explored?
Determine the type of contact and the length of time that the patient had contact with the voltage source. Determine 
whether the patient experienced mechanical contact with the current source, made electrical contact with an arc, or 
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suffered flash burns. If the patient had direct contact with the voltage source, identify those portions of the patient’s 
anatomy that were involved and the duration of the contact.

 12. What laboratory studies are appropriate at the time of admission?
Blood gases and serum electrolytes, particularly potassium concentration, are important to measure immediately to 
guide therapy. If high serum potassium and acidosis suggest extensive muscle necrosis, surgical débridement likely 
will be needed as soon as feasible. Serum creatinine and creatine phosphokinase (CPK) elevation also suggest massive 
tissue destruction. Urine myoglobin content is more qualitative.

 13. What are the findings of compartment syndromes in the extremities, and when is 
treatment appropriate?
In victims of electrical shock, the usual symptoms and signs of compartment syndromes cannot be relied on because 
sensory and motor nerve injury resulting from the electrical shock are the hallmark of muscle and nerve ischemia. 
Palpation of the injured compartment for tenseness also is unreliable because few have enough personal experience. 
Arterial pulses usually are intact. When suspected, the diagnosis must be confirmed by directly measuring the 
compartment pressure.

Recommendations vary with regard to the appropriate compartment pressure at which to perform a fasciotomy. 
Whitesides advocates performing the fasciotomy when the compartment pressure rises to within 10 to 30 mm Hg of the 
patient’s diastolic pressure. Matsen, however, recommends performing a fasciotomy when the compartment pressure 
exceeds 45 mm Hg.

 14. What is the role of magnetic resonance imaging in the identification of compromised, 
electrically injured tissue?
Magnetic resonance imaging with new open architecture magnetics provides rapid and detailed information regarding 
the anatomic sites and severity of injury. Also, the technetium-99 pyrophosphate and similar radionucleotide scans 
distinguish between uninjured and injured muscle following electrical injury with high specificity and sensitivity. 
However, in major electrical trauma, the radionucleotide scans require too much time to provide information to aid 
clinical surgical interventions and have not been found to reduce hospital stay or decrease the number of operative 
procedures.

 15. How are fluid requirements calculated in electrical injury resuscitation?
Maintenance of an appropriate intravascular volume can be challenging in major electrical injuries. A high degree of 
tissue destruction may not be reflected by a limited, discrete cutaneous burn. Rather, the adequacy of resuscitation must 
be confirmed by noting adequate renal perfusion.

When mannitol is used to enhance diuresis in the face of myoglobinuria, urine output cannot be used as a reliable 
indicator of renal perfusion. In such situations, the central venous pressure (CVP) or the pulmonary capillary wedge 
pressure (PCWP) should be monitored with an intravenous catheter.

 16. What is the significance of myoglobinuria?
Myoglobinuria in the face of electrical injury is indicative of rhabdomyolysis and, if left untreated, is associated with 
intratubular deposition of pigments, leading to acute renal failure. It also should raise concern for development of 
muscle compartment syndrome.

 17. How are hemoglobinuria and myoglobinuria diagnosed and treated?
The urine will characteristically become dark red or burgundy colored. The patient should undergo a forced diuresis, 
and the patient’s urine should be alkalized to maintain the solubility of the pigments. This can best be accomplished 
by adding sodium bicarbonate 88 to 132 mEq of per liter of intravenous (IV) infusate. Urine output can be maintained 
through the administration of mannitol 25 to 37.5 g IV or furosemide 40 mg IV.

 18. In the midst of a lightning storm, describe the safest location to avoid lightning injuries.
Victims of lightning strikes either are struck directly by the lightning or receive the side flash. The side flash is a 
discharge from the primary target through the air or ground to another object. A victim standing beneath a tree during a 
thunderstorm could receive a side flash via the tree.

The safest place to stay during a lightning storm is in a protected shelter with grounded metal fixtures, such as 
plumbing, which will provide a safe path for the lightning to reach ground. Alternatively, remaining in a closed 
automobile is safe because the individual cannot easily serve as a conduit to ground. However, standing next to the 
automobile again leaves a person vulnerable to side flash.
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 19. Can victims of electrical injury develop delayed neurologic sequelae?
Yes. In a study of 90 patients suffering from electrical trauma, 11 patients developed late neurologic symptoms, including 
muscle weakness, sensory deficit, paresthesias, and new pain complaints. Other series add credence to these observations.

 20. What advice would you give the parents of a child with an electrical injury of the 
oral commissure?
Electrical burns of the oral commissure in children typically arise when children bite down on a live household electrical 
cord. Tissue loss ranges from superficial ulceration to full-thickness losses of the lips and cheek. In the second and third 
weeks after the injury, sloughing of devitalized tissue can be accompanied by bleeding from the labial artery. Parents 
can control this hemorrhage through finger compression of the commissure. They should be advised of this possibility at 
the time of the injury.

 21. What are the ocular manifestations of electrical injury, and what is the most common 
of these?
Ocular manifestations of electrical injury can occur whether the contact sites are above or below the neck. The most 
common ocular injury is cataract formation, occurring in up to 5% of electrical injury patients. Cataracts can occur in 
low-, medium-, and high-voltage injuries. Contact points close to the eye can result in lens opacities in as early as a few 
hours. More distal contact points can be associated with a slower onset of cataract formation.

Other ocular manifestations of electrical injury include iritis, uveitis, formation of macular cysts, and macular 
degeneration. Electrical injury can result in abnormalities of ocular motility, conjunctival changes, corneal thinning or 
perforation, atrophy of the iris, optic neuritis or atrophy, retinal vascular occlusion or coagulative necrosis, and choroidal 
rupture or atrophy.

 22. Describe neuropsychological changes following electrical injury.
In a controlled, age and demographics-matched comparison of 29 electrically injured electricians with 29 healthy 
controls, the electrically injured group performed more poorly on neuropsychological measures of attentional 
interference, mental processing speed, current Full Scale IQ, and motor skills, suggesting that cognitive changes can 
occur in patients as a result of electrical injury.
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 1. Why is the management of chemical injuries important?
Although only 3% of all burns are due to chemical exposure, approximately 30% of burn deaths are due to chemical 
injuries. More than 25,000 substances can cause chemical injuries.

 2. What common items are associated with chemical injuries?
Most injuries are caused by either sulfuric acids or alkalis, which can be found in common household chemicals, in 
agriculture, in industry, and in war. Toilet bowl cleaners may contain sulfuric acid. Drain cleaners and paint thinners 
contain lye. Deodorizers, sanitizers, and disinfectants contain phenols. Self-inflating automotive airbags contain sodium 
azide. When ignited, sodium azide breaks down to sodium hydroxide, which can cause burns to the hands and face. 
Although rarely seen in civilian hospitals, agents used in armed conflicts, such as white phosphorous, are associated 
with chemical injuries. In some countries acid is used as a form of punishment or revenge.

 3. Which substances can cause more tissue destruction: Acids or alkalis?
Alkalis. Alkali burns have an insidious course. They initially appear benign but can progress to full-thickness injuries if 
left untreated. Alkali burns cause saponification of fat cells and liquefaction necrosis. Unattached alkali molecules then 
are free to penetrate deeper into the wound, causing more tissue destruction and severe pain.

Acid burns produce immediate tissue destruction. Acids hydrolyze proteins soon after contact, causing coagulation 
necrosis and forming a tough, leathery eschar. This eschar limits further spread of the agent. Acids can also generate 
heat, causing a mixed chemical and thermal injury.

 4. What are some systemic effects associated with chemical injuries?
The patient with chemical burns should be carefully monitored to detect signs of systemic effect. Central nervous 
system (CNS) depression and cardiopulmonary collapse frequently accompany phenol toxicity. Renal failure (dichromate 
toxicity), hepatic necrosis (chromic, formic, picric, and phosphorus exposure), and metabolic complications, including 
hypocalcemia (hydrofluoric acid burns) and methemoglobinia (sodium and potassium nitrate exposure), are some of the 
systemic effects of chemical injuries.

 5. What are the criteria for hospital admission of patients with chemical burns?
 • High-risk patients (concurrent illnesses)
 • Burns of hand, foot, face, eye, perineum
 • Burns of greater than 15% of total body surface
 • Deep burns (deep second- or third-degree burns)
 • Burns with substances that have systemic toxicity

 6. How do you acutely treat a chemical burn victim?
The management of chemical burns should always start with the ABCs. However, unlike other burn patients, immediate 
wound care takes priority in patients with chemical injuries. In a chemical burn, the burning process will stop only when 
the chemical substance is inactivated and removed from the area, or it exhausts its capacity to cause tissue destruction. 
In managing chemical burns, you must stop the burning process by removing the chemical to prevent further tissue 
injury. Remove all contaminated clothing, brush away any dry particles, and in most instances rinse the area with 
large amounts of room-temperature water. Irrigation is the mainstay of therapy for most chemical burns and should be 
performed with low pressure and high volumes. Patient resuscitation should occur concurrently.

 7. How long should you irrigate a chemical burn wound?
Chemicals can continue to damage the skin long after first contact, so irrigation should continue for a minimum 
of 30 minutes. One to two hours of continuous irrigation is recommended. A toxicologist should be contacted 
immediately.
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Specific antidotes are available for some chemical agents. Neutralizing agents have no advantage over water and may 
even worsen the injury. Time may be wasted searching for the neutralizing agent, and the heat of reaction between the 
chemical and the neutralizing agent may cause a mixed thermal and chemical injury.

 8. What are common pitfalls in treating chemical injuries?
Common pitfalls in the treatment of patients with chemical injuries, in addition to the failure to remove all contaminated 
clothing and a delay in water lavage, include inadequate lavage and inaccurate assessment of tissue injury. Skin 
damaged by contact with strong acids has a tanned appearance and a smooth texture. If these areas are mistaken for 
a suntan rather than the full-thickness injury that they are, fluid requirements may be underestimated. As with thermal 
burns, inadequate resuscitation may extend tissue damage from second to third degree. In the case of strong alkali 
injuries, irrigation should be extended for a longer period of time.

 9. What is the difference between thermal and chemical burns?
A thermal injury is a momentary event, whereas a chemical injury is continuous. Unlike thermal burns, chemical burns 
cause tissue necrosis and may have serious systemic effects. Alkalis cause liquefaction necrosis and acids cause 
coagulation necrosis. The severity of chemical injuries is directly proportional to the length of time that the substance 
remains on the skin. Burning pain indicates chemical still is in contact with the skin (Table 100-1).

Table 100-1. Chemical Agents

AgenT Common Use ChArACTerisTiCs
AgenT To remove 
or DilUTe

sysTemiC 
effeCTs

oxidizing Agents

Chromic acid
Potassium 

permanganate

Sodium 
hypochlorite

Metal cleaning
Bleach, 

deodorizer, 
disinfectant

Bleach, 
deodorizer, 
disinfectant

Ulcerates, blisters
Thick, brownish 

purple eschar

Local irritation, 
inflammation

Water lavage
Water lavage, egg 

white solution

Water lavage, 
milk, egg white 
solution, paste, 
starch

Corrosive Agents

Phenol Deodorant, 
sanitizer, 
plastics, 
dyes, 
fertilizers, 
explosives, 
disinfectants

Soft white eschar, 
brown stain when 
eschar removed, 
mild to no pain

Copious water 
lavage, 
polyethylene 
glycol solution, 
vegetable oil

Minor exposure: 
Tachycardia, 
arrhythmias

Significant 
exposure: 
Cardiopulmonary 
depression, 
hypothermia

White 
phosphorous

Explosives, 
poisons, 
insecticides, 
fertilizers

Necrotic with 
yellowish color, 
garlic odor, glow 
in dark, pain

Lavage with 1% 
copper sulfate, 
cover with water 
or castor oil

Nephrotoxic, 
hepatic necrosis

Sodium metal, 
lye, KOH, 
NaOH, 
NH4OH, LiOH, 
Ba2(OH)3, 
Ca(OH)3

Cleaning agent 
(washing 
powder, 
drain 
cleaner, paint 
remover), 
cement

Soft, gelatinous, 
brown eschar

Sodium metal: Oil 
immersion  
Lye: Water 
lavage

metabolic Competitors/inhibitors

Oxalic acid Industrial Chalky white ulcers Large-volume 
calcium salts, 
copious 
water lavage, 
intravenous 
calcium

Hypocalcemia

Hydrofluoric 
acid

Industrial Painful, deep 
ulcerations

Water lavage, 
subcutaneous 
calcium, 
subcutaneous 
magnesium  
sulfate

Hypocalcemia 
hypomagnesemia
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 10. Describe the nature and appearance of acid burns
Acid burns are generally quite painful. Their appearance may range from erythematous, as in a superficial injury, to a 
yellow-gray or black eschar with a leather-like appearance in deeper burns.
 • Sulfuric acid: Green-black to dark brown eschar
 • Nitric acid: Yellow eschar and tissue staining
 • Hydrochloric acid: Yellow-brown eschar and tissue staining
 • Trichloroacetic acid: Whitish, soft tissue slough

 11. What is hydrofluoric acid?
Hydrofluoric acid is a highly corrosive, inorganic acid of elemental fluorine that is used in the production of plastics, 
semiconductors, pottery glazing, and rust removal and is a component of aluminum brighteners. Hydrofluoric acid injury 
is an occupational hazard for petroleum refinery workers and for those engaged in the cleaning of air conditioning 
equipment. It has been widely used since the discovery in the late seventeenth century of its ability to dissolve silica. 
Contact with hydrofluoric acid typically is initially pain-free, with subsequent localized pallor. This pallor progresses to 
penetrating tissue necrosis and severe tissue pain.

 12. Why are hydrofluoric acid burns so severe?
The hydrogen ion causes a typical caustic injury common to all acid burns. However, it is the extremely reactive 
fluoride ion that is responsible for the severe systemic effects of a hydrofluoric acid burn. By combining themselves 
with other cations, such as calcium or magnesium, the reactive fluoride ions are inactivated. These cations will 
be leached from the patient’s intracellular and extracellular stores, a process that can produce life-threatening 
hypocalcemia and bony decalcification. This process can continue for hours or days if left untreated and have severe 
biochemical consequences. A patient with hydrofluoric acid burns presents in excruciating pain, with erythema, 
edema, and bullae.

 13. What is the first sign of hypocalcemia after a hydrofluoric acid burn?
The first sign of hypocalcemia is profound bradycardia, which usually occurs within 30 to 45 minutes after exposure. 
The dysrhythmia may respond to high doses of intravenous (IV) calcium and surgical excision of the burn wound.

 14. What are the signs of acute systemic fluoride toxicity?
Hypocalcemia, hypomagnesemia, hypotension, bradycardia, ventricular fibrillation (often intractable), respiratory 
depression, pulmonary edema, seizures, CNS depression, carpopedal spasm, tetany, and coagulation disorders 
(rare).

 15. How do you treat a hydrofluoric acid burn?
All clothing and shoes must be removed. While resuscitating the patient, begin treatment with immediate 30-minute 
water lavage of the affected areas. All bullae and vesicles should be aspirated to remove fluoride-containing 
fluid. Fingernails should be clipped to ensure removal of acid trapped underneath them. The fluoride ions should 
be inactivated with topical calcium gluconate (or magnesium oxide or calcium chloride) massaged into the skin. 
Unrelenting pain is an indication for injection of a 10% calcium gluconate solution into the burn, to further bind the 
fluorine ion. Multiple injections of 0.1 or 0.2 mL are given through a 30-gauge needle without anesthesia. This deposits 
calcium directly into the tissues and eventually provides pain relief. Recurrence of pain is an indication for reinspection 
and reinjection.

Very severe injuries may require intraarterial calcium infusion. Treatment is continued until the patient is free from 
pain for 4 hours. Local excision with skin grafting may be necessary for definitive pain control and removal of 
damaged tissue.

16. What substances account for the majority of alkali burns?
Sodium hydroxide and cement. Sodium hydroxide, a strong alkaline corrosive, can be found in clogged drain products, 
oven cleaners, and paint removers. Alkali burns can also result from calcium oxide contained in lime, cement, and 
fertilizer. Alkalis are the most common chemicals found in homes. These substances are less soluble in water and take 
longer to clear with water irrigation.

17. What type of alkali injuries merit special attention?
Alkali burns of the eye produce some of the most severe injuries encountered in medicine. When a strong alkali 
contacts the eye, the epithelium is destroyed and allows the alkali access into the cornea. This produces immediate 
opacification of the cornea and coagulation of scleral and corneal proteins. The pH of the anterior chamber rises within 
2 to 3 minutes, damaging the iris, lens, and ciliary body. This can lead to an irreversible blindness within 3 minutes 
of exposure. Irrigation is the mainstay of treatment. Eyelid spasm may be decreased by use of tetracaine or other 
ophthalmologic anesthetic solutions.
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 18. How does cement cause a chemical burn?
Cement generates an exothermic reaction when mixed with water. Interestingly, sweat is sufficient to initiate this 
reaction. Hydrated calcium oxide (the main ingredient in cement) becomes calcium hydroxide, a strong alkali. This burn 
was first described in a patient who developed burns after kneeling in premixed cement.

 19. What is a boot-cuff burn injury?
Boot-cuff burn injuries are caused by wet cement collecting inside the shoes, burning the ankles or knees. These 
injuries result from kneeling in wet cement without protection. As a result, most injuries occur in the setting of “do-it-
yourself” home projects. Typically the victim does not know that a burn has occurred because it is often under clothing 
and painless. The resulting burn often is serious because the material is allowed to remain in contact with the skin for 
prolonged periods.

 20. What chemical burns should never be treated with water irrigation?
Elemental sodium, potassium, and lithium burns. Sodium, potassium, and, to a lesser extent, lithium will spontaneously 
ignite when in contact with water, including water vapor in the air or on the skin. When these metals combine with 
water, hydroxides are formed, which are among the strongest alkalis known and are capable of causing severe caustic 
burns. Using water to irrigate these burns will only intensify the combustion.

 21. How do you treat these burning metals?
To extinguish these burning metals, oxygen and water must be removed from the area. A fire extinguisher or sand can 
be used to smother the fire. After the fire is extinguished, the area should be covered with mineral oil. Small metal pieces 
should be removed. Dispose of particles by placing them in alcohol. Embedded pieces must be removed surgically. 
Following débridement and confirmation that all pieces have been removed, the area can be irrigated with water.

 22. How are tar and grease best removed?
Immediate treatment consists of cooling the hot adherent material with cold water. Tar and grease are derived from 
petroleum and coal hydrocarbons. Therefore petroleum-based products such as Bacitracin and Neosporin ointment are 
ideal for tar and grease emulsification and removal.

 23. What chemical burn has the characteristic smell of garlic?
White phosphorous.

 24. What is white phosphorous?
Phosphorous is an incendiary agent used in a variety of military munitions. Burns are seen mainly in military personnel but 
may be encountered in persons in contact with fireworks and fertilizer and in insecticide and rodenticide manufacturers. 
Phosphorous is a waxy, translucent solid that spontaneously ignites on contact with air. It usually is preserved in water.

 25. How do you treat a white phosphorous burn?
Immediate treatment involves removing all of the victim’s clothing, irrigating the area with water, and removing any 
easily identifiable particles. The burns should be covered in water-soaked dressings and kept continually wet to prevent 
ignition of retained particles.

Irrigation with copper sulfate in a 0.5% solution results in the formation cupric phosphide, a blue-gray material that coats 
the retained phosphorus particles. This facilitates identification of particles for removal and impedes ignition. Another way to 
identify particles of white phosphorus is to shine ultraviolet light on a burn in a darkened operating room. The phosphorous 
particles glow. Following removal, phosphorus particles should always be placed under water, lest they ignite and cause a fire.

 26. What metabolic and systemic complications are associated with white phosphorous 
burns?
Hypocalcemia, hyperphosphatemia, hepatotoxicity, renal toxicity, and electrocardiographic abnormalities (prolonged  
QT interval, bradycardia, nonspecific ST-T wave changes).

 27. What chemical injury is treated with polyethylene glycol (antifreeze)?
Phenol.

 28. What is phenol?
Phenol (carbolic acid) is an aromatic acid alcohol that is a highly reactive and corrosive contact poison. Phenols 
denature and precipitate cellular proteins and have been used as bactericidal agents, chemical bases for plastics and 
organic polymers, and cosmetic skin peels. In the form of creosote, it is used as a wood preservative. Lister first used 
phenols as antiseptics in 1867.
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 29. How quickly can systemic phenol toxicity manifest itself?
Within 30 minutes of skin contact, loss of consciousness can occur. Phenol is rapidly absorbed through skin surfaces; 
phenol vapors are easily absorbed by the lungs in either liquid or vapor form. The most common manifestation of 
systemic phenol poisoning is profound central nervous system depression, accompanied by coma, hypothermia, 
intravascular hemolysis, loss of vasomotor tone, hypotension, shock, pulmonary edema, and respiratory arrest and death.

 30. How do you treat phenol injuries?
After treating phenol injuries with an initial water lavage, these wounds should be washed with a lipophilic solvent, such 
as polyethylene glycol. Isopropyl alcohol, glycerol, Tween 80, and vegetable oil are also effective in removing phenols. 
Phenol is only slightly soluble in water (Table 100-2).

 31. What chemical injury is often accompanied with frostbite?
Anhydrous ammonia. Anhydrous ammonia is used extensively as an agricultural fertilizer and in the manufacturing of 
nylon, rayon, and explosives. Anhydrous ammonia is stored at approximately −28 °F, so exposure to this substance can 
cause both frostbite and a chemical injury.
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Irrigation with water Acetic acid, ammonium hydroxide, barium hydroxide, calcium hydroxide, 
cantharides (Spanish fly), chromic acid, cresylic acid, dichromate salts, 
dimethyl sulfoxide (DMSO), formic acid, gasoline, hydrofluoric acid, lyes and 
alkalis, phenol, picric acid, potassium hydroxide, potassium permanganate, 
sodium hydroxide, sodium hypochlorite, sulfosalicylic acid, tannic acid, 
trichloroacetic acid, tungstic acid

Calcium salts irrigation 
and/or injection

Hydrofluoric acid

Cover burn with oil Sodium metal, lithium metal, mustard gas

Cover burn with water Phosphorous metal

Table 100-2. Treatment Measures for Specific Chemical Burns

Special measures for certain chemicals:
Sodium and lithium metals: Pieces must be excised.
Hydrofluoric acid: Calcium gluconate injection.
Phenol: Polyethylene glycol wipe.
White phosphorous: Copper sulfate irrigation.
Alkyl mercury agents: Débride and remove blister fluid.
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Frostbite

 1. What are the three common types of cold injury?
Tissue-freezing injury (frostbite), non–tissue-freezing injury (trenchfoot, chilblain, or pernio), and hypothermia.

 2. What is frostbite?
Frostbite occurs when the temperature falls to 28°F (−2°C) and tissue freezes, resulting in formation of intracellular ice 
crystals and microvascular occlusion.

 3. What is chilblain (pernio)?
Chilblain refers to skin exposed to chronic high humidity and low temperature without tissue freezing. The core body 
temperature remains normal. Mountain climbers typically are affected.

 4. What is trenchfoot?
Trenchfoot develops when the extremities are exposed to a damp environment over long periods at temperatures 
of 32°F to 50°F (1°C to 10°C). Heat is lost because the extremity is wet, and vascular flow is poor because of 
vasoconstriction.

 5. What are the symptoms of trenchfoot?
Trenchfoot is characterized by numbness, tingling, pain, and itching. The skin initially is red and edematous, then 
gradually takes on a gray-blue discoloration. After a few days the foot becomes hyperemic. Within 3 to 6 weeks the 
symptoms resolve, but the extremity still may be sensitive to cold.

 6. What is cold urticaria?
Cold urticaria is a syndrome consisting of urticaria and angioedema due to exposure to cold temperatures (seen 
especially with aquatic activities). Anaphylaxis may occur, depending on the severity of the disease. The two types of 
urticaria are familial and acquired. History and a cold stimulation test confirm the diagnosis.

 7. What predisposing risk factors contribute to frostbite?
 • Substance abuse (30% to 50%), especially alcohol
 • Psychiatric illness (10% to 20%)
 • Environmental factors (lack of appropriate clothing and weather conditions)
 • Peripheral vascular disease (decreased flow)
 • Age (elderly and very young)
 • Race (African Americans are at greater risk than are whites)
 • Medications (e.g., aminophylline, caffeine, fiorinal, ergot alkaloids)

 8. How is frostbite classified?
See Table 101-1.

 9. What is the pathophysiology of frostbite?
Tissue damage may result from direct cellular damage or the secondary effects of microvascular thrombosis and 
subsequent ischemia. The recognized changes during freezing are (1) extracellular ice formation, (2) intracellular 
ice formation, (3) cell dehydration and crenation, (4) abnormal electrolyte concentrations due to above, and 
(5) perturbations in lipid–protein complexes. With rewarming, ice crystals melt and injured endothelium promotes 
edema. Epidermal blisters form, and free radical formation continues the insult. Elaboration of inflammatory 
mediators, prostaglandins, and thromboxanes induces vasoconstriction and platelet aggregation, which worsen 
ischemia (Fig. 101-1).
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Figure 101-1. Pathophysiology 
of frostbite. A, As rewarming 
begins, ice crystals melt. B, Injured 
endothelium promotes edema. 
C, Epidermal blisters and free 
radicals form. D, Inflammatory 
mediators induce vasocontriction 
and platelet aggregation. (Redrawn 
from Heggers JP, Robson MC, 
Manavalen K, et al: Experimental 
and clinical observations on 
frostbite. Ann Emerg Med 
16:1056–1062, 1987.)

Table 101-1. Classification of Frostbite

DEGREE OF INJURY CLINICAL FEATURES OUTCOME

First degree White/yellow plaque, hyperemia,  
 edema 
Causalgia and pain may indicate 

nerve damage

Tissue loss and necrosis are rare

Second degree Blisters contain clear or milky fluid 
Erythema and edema are common

Characteristic recovery without tissue loss

Third degree Deep, full-thickness skin necrosis Tissue loss is common

Fourth degree Cyanosis, gangrene, necrosis Underlying muscles and bone are affected



659bUrNs

 10. What vascular changes occur with frostbite?
The vascular endothelium is particularly susceptible. Seventy-two hours after freezing and thawing, the endothelium 
may be completely obliterated and replaced by fibrin deposition. Investigators also have observed electron microscopic 
evidence of perivascular fluid extravasation and endothelial swelling and lysis.

 11. What immunogenic factors play a role in frostbite?
Neutrophil–endothelial cell adhesion mediated by integrins (CD11a/CD18) and selectins (L, P, and E) plays a 
germane role in modulating cellular dysfunction in frostbite as well as other disorders of interest to the plastic 
surgeon (ischemia/reperfusion, hemorrhagic shock, allograft rejection). Factors elaborated from pathways set in 
motion by the recruited immunocompetent cells, such as thromboxane B2 and prostaglandins E2 and F2α, have 
been isolated from frostbite blisters. Evidence suggests that blockade of the inflammatory cascades may influence 
outcome.

 12. How is frostbite treated?
Rapid rewarming is the cornerstone in the acute management of frostbite. Immersion in water heated to 104°F to  
108°F (40°C to 42°C) is the standard of care for all degrees of frostbite. This tight range of temperatures should 
be strictly followed because the benefit to frozen tissues at lower temperatures is reduced and burn injury may 
occur at higher temperatures. Parenteral analgesia should be administered as needed for pain. Massage of the area 
is contraindicated because it may exacerbate the injury. After rapid rewarming the standard protocol to prevent 
progressive tissue/dermal ischemia includes the following:

 • Débride clear blisters.
 • Leave hemorrhagic blisters intact, but aspirate if infected.
 • Elevate affected areas to decrease edema.
 • Apply topical thromboxane inhibitor (aloe vera [Dermide]) to injured areas.
 • Give systemic antiprostaglandin agent (e.g., aspirin, ibuprofen).
 • Give tetanus toxoid prophylaxis when appropriate.
 • Whirlpool treatments to decrease the incidence of infection and early mobilization with passive manipulation of 
injured extremities are advocated when appropriate.

 13. What is the role of surgery in the treatment of frostbite?
Reconstruction has no role in the acute phase of frostbite. Attempts to débride aggressively in the early phase of 
frostbite or amputation may compromise viable tissue. The only indication for early operative intervention is amelioration 
of a constricting eschar or drainage of a subeschar infection that has not responded topical antimicrobials. If tissue 
injury progresses to gangrene, amputation and/or coverage may be required. Surgery should be delayed until the area is 
thoroughly demarcated.

 14. What is the role of hyperbaric oxygen in the treatment of frostbite?
A number of clinical cases have documented the therapeutic benefit of using hyperbaric oxygen (HBO) therapy for 
treatment of mild to deep frostbite. One such case used HBO therapy in an 11-year-old boy with third-degree frostbite 
on four fingers of one hand and two fingers on the other hand. The protocol used required daily HBO treatments for 14 
days at a depth of 2.4 atm for a total dive time of 90 minutes (alternating 100% oxygen with air breathing), resulting 
in complete reversal of the frostbite. Twenty-eight months after the initial injury the patient reported fully regained 
sensibilty and no pain.

 15. What other diagnostic modalities are used in determining the extent  
of frostbite?
Radioisotope vascular and bone imaging, angiography, thermography, and digital plethysmography have been used to 
assist in making earlier determinations of tissue viability.

 16. Is any adjuvant therapy useful in the treatment of frostbite?
 • Use of an intermediate alpha-blocker has been advocated as pharmacologic sympathectomy to relieve arteriospasm. 
Tolazoline HCl and injected reserpine begin to block sympathetic vascular effects in 3 to 24 hours; their effects may 
last for 2 to 4 weeks.

 • Nifedipine in doses of 20 to 60 mg has been advocated for chilblain to prevent new lesions and to clear present 
lesions through vasodilatory effects.

 • Free radical scavengers such as dimethyl sulfide, vitamin C, and vitamin E may have potential in treating the 
reperfusion component of injury. Thrombolytics such as low-molecular-weight dextran, heparin, urokinase, and 
streptokinase have shown promise in experimental models but require further clinical trials to determine whether 
they are beneficial.
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17. What are the late sequelae of frostbite?
Arthritis is common after frostbite. Pain, hyperasthesias, and cold sensitivity are more infrequent and are seen with 
more severe cases. Hyperhydrosis and pigment changes may occur. Of interest to the hand surgeon is the occurrence of 
epiphyseal insult in children and subsequent growth deformities.

BiBliography

Blair JR, Schatzki R, Orr ND: Sequelae to cold injury in one hundred patients: Followup study four years after occurrence of cold injury. JAMA 
163:1203–1208, 1957.

Britt DL, Dascombe WH, Rodriguez A: New horizons in management of hypothermia and frostbite injury. Surg Clin North Am 71: 
345–370, 1991.

Brown FE, Spiegel PK, Boyle WE Jr: Digital deformity An effect of frostbite in children. Pediatrics 71:955–959, 1983.
Demling RH: Cold injury. In Demling RH (ed): Thermal Injury. New York, Scientific American, 1995.
Korthuis RJ, Anderson DC, Granger DN: Role of neutrophil-endothelial cell adhesion in inflammatory disorders. J Crit Care 9:47–71, 1994.
McCauley RL, Heggers JP, Robson MC: Frostbite: Methods to minimize tissue loss. Postgrad Med 88:67–77, 1990.
McCauley RL, Hing DN, Robson MC, Heggers JP: Frostbite injuries: A rational approach based on the pathophysiology. J Trauma 23: 

143–147, 1983.
Porter JM, Wesche DH, Rosch J, Baur GM: Intra-arterial sympathetic blockage n the treatment of clinical frostbite. Am J Surg  

132:625–630, 1976.
Rustin M, Newton JA, Smith NP, Down PM: The treatment of chilblains with nifedipine. Br J Dermatol 120:267–275, 1989.
Urschal JD: Frostbite: Predisposing factors and predictors of poor outcome. J Trauma 30:340–342, 1990.
Von Heimberg, Noah EM, Sieckmann UP, Pallua N: Hyperbaric oxygen treatment in deep frostbite of both hands in a boy. Burns 27:404–408, 2001.



661

MetabolisM and nutrition

Ch
ap

te
r

Eric J. Mahoney, MD; Walter L. Biffl, MD; and 
William G. Cioffi, MD, FACS

102

 1. What are the daily requirements of carbohydrates, lipids, and proteins?
Generally, the amount of carbohydrates should not exceed 5 to 7 mg/kg/min. The lipid requirement is approximately 
2.5 g/kg/day and should be no more that 30% of the daily caloric requirement. Protein requirements vary based on the 
clinical situation: normal patients require 0.8 to 1.0 g/kg/day, highly stressed patients may require 1.5 to 2.0 g/kg/day, 
and renal failure patients should receive only 0.5 g/kg/day. Overall, the ratio of nonprotein to protein calories should be 
between 100:1 to 120:1.

 2. What methods are used to determine a patient’s daily caloric requirement?
The most accurate method is indirect calorimetry, which uses the measured oxygen consumption (VO2) and carbon 
dioxide production (VCO2) to determine the measured resting energy expenditure (MREE):

MREE = (3.9 × VO2) + (1.1 × VCO2) × 60 × 1/Body surface area

More commonly, the Harris-Benedict equation is used to estimate the basal energy expenditure (BEE). This is then 
multiplied by an arbitrary factor based on the degree of stress: for uncomplicated postoperative patient, × 1.05; cancer 
cachexia, × 1.1 to 1.4; severe peritonitis, × 1.25; multiple trauma, × 1.5; and severe burns, × 1.8.

BEE  (females) = 655 + (9.6 × weight in kilograms) + (1.8 × height in centimeters) − 
(4.7 × Age in years)

BEE (males) = 66 + (13.7 × weight in kilograms) + (5 × height in centimeters) −  
(6.8 × Age in years)

 3. How is protein synthesis hormonally regulated?
Hormones such as growth hormone, insulin, and testosterone are anabolic and lead to increased protein synthesis. 
Antagonistically, glucocorticoids lead to protein catabolism peripherally (but increased hepatic protein synthesis).

 4. How does stress or injury alter metabolism?
Stress or injury activates a neurohormonal cascade that is able to alter metabolism and better respond to the stressors. 
Classically, this is described as occurring in two phases: an ebb phase and a flow phase. The ebb phase occurs acutely 
within hours and is characterized by decreased energy expenditure and hyperglycemia. This is followed by the flow 
phase, during which the individual is hypermetabolic and demonstrates active lipolysis, protein catabolism, and a net 
negative nitrogen balance. This net negative nitrogen balance is refractory to attempts to correct it through enteral or 
parenteral nutrition, and it can last from days to weeks.

 5. What is the effect of stress or injury on blood sugar levels?
Stress or injury leads to the release of large amounts of epinephrine and glucagon. These hormones suppress insulin 
and activate an enzyme called phosphorylase, which leads to glycogenolysis in the liver and ultimately to higher blood 
glucose levels.

 6. What is gluconeogenesis?
Gluconeogenesis is the process by which glucose is synthesized from protein (amino acids) and glycerol. This is 
stimulated by hypoglycemia as well as by the hormone cortisol, especially in times of stress.

 7. What is the effect of insulin therapy in critically ill patients?
The use of insulin to maintain blood glucose levels less than 110 mg/dL has been shown to decrease intensive care unit 
mortality, overall in-hospital mortality, bloodstream infections, acute renal failure, critical-illness polyneuropathy, the 
number of red cell transfusions, and the requirement for prolonged mechanical ventilation.



662 MetabolisM and nutrition

 8. List several host factors that can impair wound healing.
Factors that can impair wound healing include malnutrition, obesity, disorders of collagen synthesis, renal insufficiency, 
diabetes mellitus, chemotherapy, and corticosteroid use.

 9. What is the effect of protein malnutrition on wound healing?
Protein malnutrition leading to hypoalbuminemia is associated with increased wound complications and delayed wound 
healing. This was further illustrated in animal studies in which researchers found that animals with protein deficiencies 
had decreased bursting strength at colonic anastomoses.

10. How is a malnourished patient identified?
Current methods of identifying malnourished patients include objective measures such as physical examination, recent 
weight loss, measurement of serum protein levels, anthropometric measurements (e.g., triceps skin fold), anergy 
testing, grip strength testing, and the use of nutritional indices such as the Nutrition Risk Index and the Subjective Global 
Assessment.

11. Which are the best indicators of overall nutritional status?
A complete history and physical examination.

12. What are signs of malnutrition that can be identified on physical examination?
Physical signs of malnutrition include hair loss, bitemporal muscle wasting, conjunctival pallor, xerosis, glossitis, 
bleeding of gums or mucosa, poor dentition, thyromegaly, edema, poor wound healing, hepatomegaly, ascites, and 
deltoid and quadriceps muscle wasting.

13. Which serum proteins are used to assess a patient’s nutritional status?
Serum albumin, transferrin, prealbumin, and retinol-binding protein. Given its short half-life of 2 days, the prealbumin 
level is the most accurate in assessing acute nutritional deficiencies. Albumin, with a half-life of 21 days, is a better 
index of chronic malnutrition.

14. Which comorbid conditions can lead to decreased levels of nutritional indexes 
irrespective of a patient’s nutritional state?
Albumin levels may be decreased in patients with congestive heart failure, cirrhosis, renal failure, burns, and 
overhydration. Similarly, prealbumin levels are decreased in patients with cirrhosis, hepatitis, and inflammatory states.

15. Describe several adverse consequences of malnutrition in a surgical patient
Malnutrition increases a patient’s susceptibility to infection. This is due to impaired production and activation of 
complement, impaired bacterial opsonization, and impaired function of inflammatory cells. Malnutrition also leads to 
poor wound healing and increased incidence of decubitus ulcers.

16. How soon after surgery or trauma should exogenous nutritional supplementation be 
initiated?
Exogenous nutritional supplementation, whether enteral or parenteral, should be initiated in severely malnourished 
patients only after proper volume resuscitation and hemodynamic stability have been established. Risks of premature 
enteral feedings include gastrointestinal intolerance and intestinal ischemia. In burn patients, enteral feedings should be 
started as soon as feasible because a delay increases the incidence of gastroparesis. In patients with severe traumatic 
brain injuries, however, gastrointestinal motility can be impaired for up to 2 weeks after injury, and these patients are 
better suited for total parenteral nutrition. Total parenteral nutrition can be started immediately after resuscitation has 
been completed in most malnourished patients.

17. What deleterious effects have been attributed to total parenteral nutrition versus 
enteral nutrition?
Parenteral feedings have been shown to decrease intestinal immunoglobulin A levels and to increase gut permeability and 
bacterial translocation to mesenteric lymph nodes, implying a breakdown in gastrointestinal mucosal integrity. Overall, 
parenteral nutrition is associated with a higher incidence of septic complications compared with enteral nutrition.

18. What is immunonutrition?
Immunonutrition involves the administration of supernormal amounts of certain nutrients to gain a potential 
pharmacologic effect from those nutrients.
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19. Name several proposed immunonutrients and their theorized modes of action.
Proposed immunonutrients include omega-3 fatty acids, arginine, ribonucleic acid (RNA), and glutamine. Omega-3 
fatty acids suppress proinflammatory cytokine production. Arginine enhances T-lymphocyte number and function 
and stimulates growth hormone production. RNA improves T-lymphocyte function. Glutamine improves gut barrier 
function.

20. What benefits have been identified using immunonutrition?
A reduced rate of infection and wound complications was seen in surgical patients with upper gastrointestinal cancer 
who received enteral nutrition with arginine, RNA, and omega-3 fatty acids. Overall, a lower rate of infections and 
a reduced intensive care unit and hospital length of stay were found in patients given immunonutrition. However, 
no mortality benefit was seen, and whether these benefits can be translated to other surgical patients has yet been 
determined.

21. What effects does the oxygen tension have on wound healing?
Low oxygen tensions are believed to cause poor wound healing and inhibit wound closure. Supernormal oxygen 
tensions, on the other hand, created within hyperbaric chambers, have been used to improve healing in chronic wounds 
in patients with peripheral vascular disease or profound anemia.

22. What is the hypermetabolic response to burn injury?
The hypermetabolic response to burn injury is characterized by increases in cardiac output, minute ventilation, and core 
body temperature and a decrease in nitrogen balance. The magnitude of response is directly proportional to burn wound 
size. In patients with burns greater than 50% of total body surface area (TBSA), the metabolic rate can reach 1.5 to 2 
times the predicted resting energy expenditure.

23. What are the responsible mediators?
Catecholamines are the primary mediators of the hypermetabolic response, and their excretion correlates well with burn 
size and increased metabolic rate.

24. How can the hypermetabolic response to burns be blunted?
During the burn hypermetabolism, heat production is increased and core body temperature is elevated. Cooler 
ambient temperatures will cause catecholamine release and an increased metabolic rate. Maintaining a high ambient 
temperature to keep the core body temperature at approximately 100°F prevents additional energy expenditure. 
In children with burns, beta-adrenergic blockade has been shown to reduce the hypermetabolic response; its effect in 
adults has not been clearly defined.

25. When does the metabolic rate return to normal?
Once wounds are closed after excision and grafting, the metabolic rate begins to return to baseline. Normal 
baseline metabolism, however, will not be reached until the wound remodeling is complete, which may take 1 to 2 
years.

26. Describe burn wound resuscitation.
Judicious but adequate fluid resuscitation is vital in the treatment of patients with burns. Several mathematical formulas 
have been developed, including the following:

 • Parkland: 4 cc/kg/% body surface area burn
 • Brooke: 2 cc/kg/% body surface area burn

In both formulas, the fluid is given as lactated Ringer’s solution, with half of the calculated amount given during the 
first 8 hours after the burn occurred and the other half given over the following 16 hours (with hourly adjustments 
based on urine output). In patients with burns greater than 30% TBSA, intravenous albumin should be started as 
follows:

 • 30% to 50% TBSA: 0.3 cc/kg/%TBSA/24 hours
 • 50% to 70% TBSA: 0.4 cc/kg/%TBSA/24 hours
 • >70% TBSA: 0.5 cc/kg/%TBSA/24 hours

27. What effect does insulin therapy have on the immune response to burn?
In children with burns, exogenous insulin therapy has been shown to decrease levels of proinflammatory cytokines, 
increase levels of antiinflammatory cytokines, and decrease levels of acute-phase reactants.
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28. What effect does oxandrolone have on the immune response to burn?
The anabolic steroid oxandrolone has been shown to reduce the level of acute-phase reactants and to improve albumin 
levels early after burns. Long-term use of oxandrolone has been shown to improve lean body mass, bone mineral 
content, and bone mineral density.
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Burn reconstruction

 1. What are the general principles of burn rehabilitation?
 • Adequate treatment in the acute injury phase includes the prevention of infection; prompt débridement and wound 
closure; preservation of mobility, strength, and endurance; maintenance of independence in self care; control of 
edema; and education of the patient, patient’s family, and patient’s peers about burn recovery

 • Preparation of the patient for a return to a preburn level of function, if possible, as soon as the acute burn care is completed
 • Prevention of contracture through exercise, splinting, and physical and occupational therapy
 • Early intervention and treatment of burn scars, contractures, and disability
 • Psychological support

These activities begin at the time of admission and continue throughout the hospitalization and subsequent recovery.

 2. Is a burn scar unique?
Burn scars can be readily recognized and have a very different appearance (Fig. 103-1). A burn scar differs from other 
types of scars as a result of the extent of surface area injured and a variable healing process due to the differing 
recovery potential of superficial or deep burn injuries. Very superficial burns are confined to epidermal layers, which 
can nearly regenerate, leaving minimal or no disfiguring marks. Deeper burns, resulting from injury to both the dermis 
and the epidermis, are characterized by a healing process that takes 2 weeks or more. As the injury level deepens, 
fewer ductal rests of epithelium survive, impairing reepithelialization. This prolongs the inflammatory phase of healing, 

Figure 103-1. Characteristic burn scar, demonstrating hypertrophy, contracture, and a ropy appearance.
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increases proliferation of fibroblasts and myofibroblasts, and results in increasingly profound scar deformity. If 
substantial dermis survives, pigment formation may be fairly normal, and contracture will be minimal. As more dermis 
is lost, changes may include loss of hair growth, absent or irregular pigmentation, shiny smooth appearance to the 
skin, inability to sweat, and inability to produce sebaceous oils that normally lubricate the skin. The resulting healed 
scar from this type of deep dermal injury may become hypertrophic, with a ropy, reddened, irregular texture, and cause 
intense itching and burning. These hypertrophic scars can be avoided or reduced with aggressive burn care, early use of 
compression garments, steroid injections into the forming scar, and use of silicone compression sheets.

 3. What is the primary goal of burn rehabilitation?
The primary goal is to return the person to his/her preburn level of function. This goal is complicated by the nature of 
the injury, which can be devastating physically as well as emotionally, and by the fact that burns occur more frequently 
among disadvantaged populations, the elderly, the very young, individuals from lower socioeconomic status, or as 
a result of drug, alcohol, and tobacco use. The overall goals of burn rehabilitation change over time as the patient 
progresses from the acute to the final stages of hospitalization and discharge. Maintenance of function, including 
strength, range of motion, and ability to perform tasks of daily living, reduction in edema, scar management, and 
splinting, are among the priorities of the rehabilitation team.

 4. Why do burn scars contract?
Burn scars contract secondary to a prolonged healing process, delayed reepithelialization, injuries across the flexor 
surfaces of joints, or prolonged positioning in a flexed, “fetal” position. The role of the myofibroblast is significant in this 
process. Massive collagen deposition, uncontrolled collagen cross-linking, and prolonged neoangioplasia are among the 
wound healing complications that are features of contracture. Contracture can result from the burn scar itself or from 
joint capsule contracture. Contracture is the hallmark of burn care that fails as a result of suboptimal care, severe injury, 
or patient noncooperation (Fig. 103-2).

 5. How do you prevent burn scar formation?
Early débridement, early skin grafting, good nutrition, and an absence of infection all promote healing but cannot, 
when the injury is severe, eliminate scarring. Only prevention of burns can prevent burn scars. Reduction of burn 
scar edema through massage, compression, and physical activity is critical in reducing long-term scar formation. The 
need for secondary burn scar surgeries has been greatly reduced in recent years through the aggressive use of early 
débridement and grafting, compression garments, and silicone sheet inserts to provide surface compression on the 
healed burn wound. Although the mechanism of action is unknown, use of compression and silicone sheeting has 
resulted in a significant decrease in hypertrophic scar formation, better appearance, and improved functional recovery 
following serious burn injury.

 6. How do you prevent burn scar contracture?
Burn injuries across joint surfaces, muscle wasting, or direct muscle injury, prolonged “fetal positioning” in response 
to pain, and failure to initiate early physical therapy can result in contracture. The most common cause of contracture 
previously was the result of permitting the burn to heal spontaneously, a process that might have taken months. During 
that time, myofibroblast proliferation, in the open granulating wound, promoted contracture across the wound surface, 
one of the mechanisms of “natural” wound healing. Only with the completion of reepithelialization, which is a slow 

Figure 103-2. Burn scar 
contracture can severely limit 
motion and cause significant tissue 
distortion.
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process across a large surface area, would myofibroblast activity cease. As a result of this process a healed burn might 
result in grotesque deformities. Early wound closure has nearly eliminated this problem in areas where modern burn 
care is available.

 7. What are the best ways to treat burn scar contracture?
The best treatment is to prevent it, which is the goal of modern burn care. Once established, burn contractures can 
be treated with serial splinting, release of contracting bands with Z-plasties, incision and skin grafting or excision 
and resurfacing with skin grafts or flaps, local rotation flaps, use of tissue expanders, or with free flap reconstruction 
(Figs. 103-3, 103-4, and 103-5). Choices are based on the duration of the contracture, joint or surface areas involved, 
cosmetic considerations, and functional rehabilitation concerns. If possible the patient should be a major decision maker 
in selecting the reconstruction plan. If the patient is incompetent, surgical goals should be structured toward function, 
appearance, and the abilities of the individual.

A B

Figure 103-3. Burn scar release with Z-plasty and ulnar-based flag flaps.

Figure 103-4. Use of tissue expanders to increase surface area of unburned skin, creating flaps for reconstruction.
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 8. What does burn rehabilitation include, and when does it begin?
Physical and occupational therapy; psychological or psychiatric counseling as needed; reconstructive surgery if needed; 
use of compression garments, splints, or casts; massage of burn scars; social work with family, school, or occupational 
guidance; medical management of pain, itching, sleep disturbances, or depression if they occur; and any other services 
required by the medical, psychological, or social situation of the patient. They begin the day the patient is first seen 
for burn care. A plan should include attention to rehabilitation as part of the total burn care planning process. This may 
simply include plans to return to work or school but may involve occupational therapy, physical therapy, splinting, and 
range-of-motion exercises.

 9. What are the differences between scald, flame, and electrical injuries in terms of the 
care needed after the injury heals?
Scald burns classically involve only the skin, although they may involve deeper tissues when the skin is thin, as in the 
dorsum of the hand or face. Flame burns, if contacted only briefly, may be superficial but will, with contact or if clothing 
burns, involve the full thickness of the skin and may even affect deeper subcutaneous tissues. Depending on how the 
burn occurred, inhalation injury must also be considered. Electrical burns, when there are entry and exit points, conduct 
along bone, nerve, and deep tissue plans. In addition to charred superficial structures, serious internal injuries may be 
present. Each of these injuries requires unique care plans and different approaches to rehabilitation. When débridement 
of the burn includes amputation, deep muscle resection, and extensive tissue removal or if neurologic injury has 
occurred, the rehabilitation process is considerably more complicated. Care plans may include long-range goals such 
as free flap reconstructions, joint replacement, manufacture of custom-made splints, prostheses, and other unusual 
requirements.

10. What are compression dressings and how are they used? What are compression 
garments?
Compression dressings are pressure dressings that can be provided by Ace wrap-type bandages, elastic custom-made 
garments, tubular gauze-type bandages, and elastic wraps such as Coban or even plaster casts, if immobilization or 
serial stretching is required. The classic compression garments originally were made by the Jobst Company. Many 
manufacturers now produce these devices. For large surface areas of burn scar, custom-made compression garments, 
with silicone sheet inserts over particular scars, are used. These may need to be refabricated frequently for growing 

Figure 103-5. Reconstructed chest wall, after excision of burn scars, removal of tissue expanders, and advancement flap reconstruction. 
(Courtesy Dr. Nelson Piccolo, Pronto Socoro para Quemaduras, Goiania, Goias, Brazil.)
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children. They are used for at least 6 months for maximum efficacy in adults and for 18 to 24 months in children. They 
may be required for more months, or years, if the scar remains thickened and red. A simple means of determining 
whether the garment is still needed is to discontinue its use for a few days. If the scar is still active, redness and itching 
will intensify, indicating that the garment will still be beneficial.

 11. How do compression garments work?
Compression provides multiple therapies to the healing burn scar. Compression has the following characteristics:

 • Protects the fragile skin from shearing and other trauma
 • Reduces itching
 • Reduces burn scar edema
 • Stretches the skin, reducing contracture bands
 • Can be used to keep moisturizers in contact with the skin
 • Reduces dependent pain in lower extremity wounds
 • Eliminates need for bulkier dressings
 • Appears to reduce burn scar hypertrophy and neoangioplasia when started early in the healing process

The exact mechanism of action is poorly understood but is believed to be partially the result of relative hypoxia in the 
burn scar. Pressure has been shown to improve the alignment of collagen fibers in the scar on histologic evaluation. 
The application of pressure ranging from 20 to 30 mm Hg is recommended for use in burn scar treatment. Garments 
providing less compression are not efficacious.

 12. What is the role of silicone?
Silicone in sheets or as a gel has been shown to improve hypertrophic scars. Pressure may help when the surface is 
broad but is not an essential component of its function. Several theories have been proposed, indicating that (1) silicone 
oils may be beneficial, (2) surface temperature increases that occur under the sheet may play some role, (3) retained 
moisture under the silicone is important, or (4) silicone increases oxygen tension in the wound, improving wound 
healing. If wound healing is normal, silicone is not necessary, but when the scar forming has a hypertrophic or keloid 
appearance, treatment with silicone appears to be beneficial.

 13. Who developed the use of compression?
The first reference in medical literature to the use of compression therapy was by Ambrose Pare, the father of modern 
wound healing, in 1678. Dr. Sally Abston, at the Shrine Children’s Burn Center in Galveston, Texas, popularized the use of 
compression garments to reduce burn scar formation in the United States in the 1970s.

 14. Is there any advantage to early burn wound surgical intervention?
If the burn is superficial, no surgical intervention is required because the wound heals spontaneously. The earlier 
a burn wound is healed, the less scarring will be apparent. The development by Janzekovic in Eastern Europe in 
the 1960s of tangential burn wound excision and skin grafting provided a powerful rationale for modern burn care. 
When the injury involves the deeper dermis, early excision and grafting, subsequently popularized by Dr. John 
Burke and colleagues at Massachusetts General Hospital in the early 1970s, speeds healing and produces a better 
functional and cosmetic appearance of the healed wound. Newer techniques, including the use of skin substitutes, 
permit closure of even massive wounds and appear to result in better quality of scar tissue. Further advantages 
of early closure include shortened hospital stay, reduced contracture rates, and fewer requirements for long-term 
reconstruction.

 15. Which anatomic sites should take precedence in burn reconstruction, even in the 
earliest phases of burn care?
Hands and face.

 16. When was the first recorded treatment of a burn? What was the recommended 
treatment plan?
Circumstantial evidence indicates that Neanderthal man in Iraq valued herbs as early as 60,000 bc. In the first recorded 
record of burn care, the Ebers Papyrus 482 (dated 1500 bc) dictates a burn regimen as follows:

 • Day 1: Black mud
 • Day 2: Dung of calf mixed with yeast
 • Day 3: Dried acacia resin mixed with barley paste, cooked colocynth, and oil
 • Day 4: Paste of beeswax, fat, and boiled papyrus with beans
 • Day 5: Mixture of colocynth, red ochre, leaves, and copper fragments

Of interest, the burned limbs were supported in copper splints, demonstrating that even then physicians were aware of 
contractures and tried to prevent them.
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17. What are the most common complaints that burn survivors have?
 • Wound-related complications include appearance, itching, burning, and pain in the burn wound and donor 
sites.

 • Functional complaints may be related to the areas burned, with attendant limitations in the use of burned hands or 
feet, or lost strength and an inability to return to preburn activities.

 • Psychological complaints include depression, sleeplessness, anxiety, posttraumatic stress disorder, impotence, loss of 
joy, and changes in family, work, or school dynamics.

 • Physiologic complaints are related to inability to tolerate sun exposure, inability to sweat, dryness of burn scars 
caused by loss of sebaceous gland function, and toxicity related to burn treatment, such as deafness or reduced renal 
function from antibiotic use, pulmonary insufficiency from inhalation injury, and changes in appetite.

18. What are the delayed wound complications associated with burn injury?
 • Pigment changes in the skin, either darker or lighter
 • Texture changes in the burn and donor sites
 • Scar contractures resulting in physical deformities
 • Aesthetic concerns for changes in appearance
 • Heterotopic calcification

19. What is heterotopic calcification?
Heterotopic calcification is bone formation in the soft tissues, most frequently found at the elbow following upper 
extremity burn injury. Bone forms in the soft tissues around the joint, in the triceps insertion, causing loss of range 
of motion. This may resolve spontaneously, or it may require surgical resection. Care must be taken to protect 
the ulnar nerve when this procedure is done. Early treatment with indomethacin or naproxen may be beneficial. 
Medical management of established heterotopic bone formation has been tried with etidronate, which must be 
administered for several months. This is an uncommon burn problem but is seen more frequently following spinal 
cord injury.

20. What are the most common burn contracture deformities and how may they be 
prevented or minimized?
 • Neck. This occurs with burns of the head and neck area but also can occur in patients who are intubated and on a 
ventilator. It is prevented by avoiding placing a pillow under the head and using neck splints and traction.

 • Axilla. This occurs more frequently when the area is burned. It is prevented by abduction splints, range of motion, and 
proper use of pillows with the arms extended.

 • Elbow. This occurs with burns in the area. It is prevented by early excision and grafting, splinting, and early diagnosis 
and intervention if heterotopic bone formation develops. Splinting the elbow in extension is important in critical care 
of the burn patient. This may be alternated with flexion splints, or with use of continuous passive motion, to maintain 
range of motion.

 • Flexion Deformity of the Hands. This can occur in the absence of burn injury and is treated with functional 
splinting during acute burn care, when the patient is unconscious. Burn scar deformities of the hand commonly 
are of the type called “claw hand.” This develops as a contracting scar that pulls the metacarpophalangeal 
joints into hyperextension, flexing the interphalangeal joints, adducting the thumb, ulnarly rotating the fifth 
digit, and flattening the longitudinal and transverse arches of the hand. If the scar is unopposed, thickening and 
contracture of the joint capsules and ligaments, subluxation, and shortening and/or adhesions of the tendons 
may result.

 • Equinus Deformity of the Ankle and Foot. The ankle is flexed to the plantar surface and the foot is in a varus position, 
a deformity that can occur in any patient unable to move. Splinting the foot from toe to calf in a neutral position is 
important in maintaining foot orientation.

 • Flexion Deformities of the Hips and Knees.

The most commonly seen contractures involve the hand, followed by the neck. Hip and knee contractures are often seen 
in children.

 21. What is microstomia?
Microstomia is a contracture of the mouth, particularly at the oral commissure, caused by perioral facial burns. The 
most common of these burns results from electrical burns sustained when a child chews on an electrical cord or 
extension cord plug. Deep burns of the face caused by ingesting lye may also cause this deformity. The tissue loss from 
this injury may lead to cosmetic and functional impairment, oral dysfunction with eating, impaired oral hygiene, dental 
care, facial expression, and speech. Devices to treat microstomia are commercially available, or they can be fabricated 
with standard dental and orthodontic materials. Surgical reconstruction requires the use of an appropriate splint 
postoperatively. Patient compliance is often a limiting factor in success.
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 22. How do neck contractures affect function, and how are they treated?
Scarring and contracture of the neck region may severely limit function, causing alterations in normal posture, make 
intubation for surgery difficult, make driving unsafe, and contribute to secondary deformities of the face, including lips 
and lower eyelids. Scarring that descends onto the chest may affect shoulder motion and cause contracture of the 
breast with upward displacement of the nipple–areolar complex. The neck is the second most common site of burn 
scar contracture. Reconstruction in this area depends on the severity of scarring and the extent of involvement. Excision 
of the scar and regrafting with a split-thickness skin graft requires long-term care to prevent recurrence. Splitting the 
scar and grafting the defect also are acceptable. When grafts are used, splinting will be required to prevent recurrence. 
Use of free flaps, such as the radial forearm free flap, often referred to as the “Chinese flap,” provides thin supple 
vascularized tissue for neck coverage, as first described by Guofan in 1978.

 23. How long after surgery for burn scar reconstruction is it possible to begin scar 
management?
Compression garments can be started 1 week after the postoperative dressing is removed. For scar remodeling of the 
superior chest, anterior shoulders, and pectoral region, flexible inserts of a Silastic elastomer and/or prosthetic foam are 
used to distribute the pressure of the compression jacket. Silicone gel also can be used under the splint and/or garment. 
The average time for wearing the splint or garment is approximately 1 year. Use can be discontinued when the graft is 
flat and no longer hyperemic.

 24. What are the appropriate grafts for burned hand reconstruction (Fig. 103-6)?
 • Palmar burns need to be released by Z-plasty, or either thick split-thickness or full-thickness skin grafts, or flaps, if 
available. A reverse radial forearm flap, ulnar- or radial-based digital flag type flaps, groin flaps, or abdominal pedicle 
flaps all have been advocated and their use depends on availability.

 • Dorsal burn scars, when extensive, can be treated by complete scar excision and regrafting, followed by long-term 
splinting and compression gloves.

 • Interdigital webbing can be treated as syndactyly. It requires splinting and compression in the postoperative period as well.
 • Many burn deformities of the hand may involve joint capsule contracture or adhesive tendonitis. When present, they 
must also be released if full range is to be regained.

 25. What underlying pathology results in an intrinsic minus hand in the recently burned 
upper extremity, and how should it be treated?
Compartment syndrome of the deep muscles of the hand causes the intrinsic minus deformity. This is best treated by 
prevention, performing escharotomies of the hand when needed in the immediate postburn period. When established, 
treatment is accomplished by making radial incisions between the metacarpals on the dorsum of the hand, dissecting 
down to the muscle compartments and releasing them.

 26. What are escharotomies, and what do they do?
Escharotomy simply means opening the eschar. Circumferential burns, generally deep second or third degree in 
nature, whether of the extremities or of the trunk, can cause compression of the underlying soft tissues as burn edema 
develops beneath an unyielding eschar. Ischemia of the underlying tissues and as well as of the distal tissue will 
result in increased tissue damage. Failure to identify and treat this constriction creates a compartment syndrome that 
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Figure 103-6. Hypertrophic burn scars of the hand can be significantly improved by excising the existing scar to subcutaneous 
fat and regrafting the surface with thick split-thickness skin grafts. Full flexion and extension were maintained by aggressive hand 
therapy throughout the care of this patient’s hand.
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contributes to further injury. Longitudinal incisions through the burned skin laterally and medially in the extremities, 
or from the axilla to the groin on the trunk, will release the tissue. Fasciotomies may also be required and should be 
considered especially in patients with electrical burns or very deep thermal injuries. Escharotomy should be considered 
in all cases of circumferential burns. Decreased Doppler pulses are the most reliable physiologic clinical measurements 
used to indicate the need for this procedure. Escharotomy is most effective if it is performed prior to the onset of lactic 
acidosis. Compartment pressure measurements are not necessary and may be misleading.

 27. What are the clinical signs of ischemia in a circumferentially burned extremity?
Alert patients may report numbness and tingling. In sedated or unconscious patients, the earliest signs are Doppler 
findings of diminished or absent digital pulses. In the unburned finger, pulse oximetry may be useful.

 28. When does the need for an escharotomy first appear?
During the first 48 hours after burn injury, during the resuscitation process. As burn edema accumulates during that time 
period, even incompletely circumferential burn injuries may require surgical release. One of the theoretical advantages 
of hypertonic resuscitation is a reduced need for escharotomy. The risks of escharotomy far outweigh the complications 
that can arise when it is deferred, if needed.

29. Spill scalds of the chest are common in toddlers. What are the long-term consequences?
In girls, restrictive scarring of the anterior chest will cause breast maldevelopment at the time of puberty. This may 
result in micromastia, asymmetry, or a “unibreast” appearance, depending on the extent and areas involved. Release 
of contracting scars will permit normal breast evolution. Such release can be accomplished with skin grafts, tissue 
expanders, or flaps. Nipple–areola reconstruction may be needed if burns are deep.

30. What is burn alopecia, and how is it treated?
Burn alopecia is baldness caused by burn injury (Fig. 103-7). Burns of the scalp are treated by débridement and skin grafting. 
The hair follicles extend beneath scalp skin, and hair may regrow after such treatment. If it does not, the resulting baldness is 
called burn scar alopecia. It is treated by excision of the burn scar and flap reconstruction using adjacent hair-bearing scalp. 
If hair-bearing scalp tissue is limited, tissue expansion can markedly increase the available normal scalp tissue. Up to 50% of 
the scalp can be reconstructed by this method. Hair follicle grafting into burn scar is notoriously unreliable.

31. What are the long-term consequences of burn scars 20 years or more after a burn injury?
The most serious long-term burn scar problem is burn scar carcinoma, also called Marjolin’s ulcer. Cases occurring as 
soon as 3 years after burn healing is complete and as many as 60 years after have been reported. Not every patient 
will develop malignancy. The mean age of onset is 50 years, and the mean latency at onset is 31 years after injury. The 
most common malignancy is squamous cell carcinoma (71%), but basal cell carcinoma (12%) and melanoma (6%) have 

Figure 103-7. Burn scar alopecia, 
another condition for which tissue 
expansion can be useful, permitting 
resurfacing of up to 50% of the scalp.
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been reported. Sarcomas (5%) and rare or combination mixed tumors (6%) also have been reported. Burn scar tumors, 
especially squamous cell carcinoma, can be highly aggressive, and extended radical resections are recommended. Local 
recurrence has been reported in 16% of cases and regional node metastasis in 22%. The reported mortality rate is 21%. 
Any open wound in a burn scar should be biopsied if it does not heal with proper care. The usefulness of sentinel node 
assessment has not been confirmed, as significant disruption of lymphatics in burn scar has been noted.

Subcutaneous heterotopic calcification can occur many years after burn injury and cause painful, hard masses. Excision 
of these benign processes can be difficult because the burn scarred skin lacks elasticity and wound closure by direct 
approximation may not be possible.

32. What are the long-term consequences of lightning injuries?
There are many long-term sequelae of lightning strikes in humans:

 • Neuropathy
 • Chronic pain syndromes
 • Transverse spinal myelitis or spinal artery syndrome
 • Ischemic damage from vasospasm (anywhere in the body)
 • Myocardial insufficiency secondary to infarction
 • Deafness or blindness
 • Hepatic or renal insufficiency
 • Sleep disorders
 • Psychomotor instability
 • Personality changes
 • Posttraumatic stress disorder

CONTROVERSIES

33. What is the best indicator of quality in burn care?
Survival statistics, once the hallmark of care, have improved to the extent that they can no longer be considered the 
sine qua non of burn management. Forty years ago, a 30% total body burn represented the LD50 of a burn injury. Today, 
that LD50 has increased to nearly 90% for certain burns, especially those involving children, in the absence of associated 
complications such as inhalation injury, fractures, or other trauma or illness. Long-term outcome measures such as 
quality of life, exercise tolerance, and return to preburn activity levels are more sensitive measures of competent care.

34. What is the role of engineered skin substitutes in burn wound management?
Cultured epithelium, with or without dermal structures, is indicated for very large burn wounds when donor area is 
limited. The cost of these therapies and their role in smaller burns and in burn reconstruction are still being evaluated. 
Reported advantages, which include better scar appearance, fewer contractures, and reconstitution of skin organelles, 
are not completely accepted. The first cultured epithelial grafts were used in burn care in 1981.

Dermal structure using either cultured dermal elements or cadaveric nonviable substrate can be added to the burn 
wound as part of wound preparation following excision of full-thickness injury, but the cost and long-term benefits are 
still considered experimental despite widespread usage in the United States.
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PrinciPles of skin Grafts

 1. Who performed the first skin graft?
The technique of skin harvesting and transplantation initially was described approximately 2500 to 3000 years ago by 
the Hindu Tilemaker Caste. In the technique, skin grafting was used to reconstruct noses that were amputated as a 
means of judicial punishment. Reverdin is credited with the first skin transfer in 1870. Initial skin grafts were either very 
thin or full-thickness grafts. Ollier first described his use of the split-thickness graft in 1872; Wolfe described his use of 
the full-thickness graft in 1875.

 2. What are the different types of skin grafts?
Skin grafts are classified as either split-thickness skin graft (STSG) or full-thickness skin graft (FTSG). STSG can be 
subclassified as thin (0.006 to 0.012 inches), intermediate (0.012 to 0.018 inches), or thick (0.018 to 0.024 inches). 
STSG consists of the entire epidermis with a portion of the dermis, whereas FTSG includes the entire thickness of the 
skin, both epidermis and dermis.

Skin grafts also are classified by their donor site as autograft, self; homograft, same species; isograft, homograft between 
genetically identical people; allograft, homograft between genetically different people; and heterograft/xenograft, different 
species.

 3. What are the advantages and disadvantages of STSG versus FTSG?
See Table 104-1.

 4. Which epithelial appendages are present in the skin?
Cells of the developing epidermis invade the dermis in the third month of gestation to form intradermal epithelial 
structures: hair follicles, sebaceous glands, and sweat glands. Only FTSGs contain these appendages and therefore are 
capable of sweating, oil secretion, and hair growth.

 5. How do hair follicles and sebaceous glands affect skin grafts?
In transplanted skin, the growth of hair in an area that should be hairless can be a problem. Hairs grow in a slanted, not 
vertical, direction. When hair is being transplanted, incisions should be made obliquely following this direction. Soon 
after the fourth postgraft day, when original hair shafts are shed, the original hair follicles begin to produce new hair. 
Fine hair is present by the fourteenth postgraft day.

Sebaceous glands, as appendages of hair follicles, are largest and are most densely located in skin of the 
forehead, nose, and cheeks. They secrete oily sebum, which lubricates the hair, keeps the skin supple, and 
protects it against friction. Thinner STSGs do not contain functional sebaceous glands and usually appear dry and 
brittle after take.

Table 104-1. Advantages and Disadvantages of STSG and FTSG

ADVANTAGES DISADVANTAGES

STSG Graft takes more favorably  
Uniform thickness of graft  
Donor site heals quickly 
Reuse of donor site in 1–2 months

Considerable contracture  
Abnormal pigmentation  
Increased susceptibility to trauma

FTSG Less contracture  
Color/texture match more similar to normal skin 
Potential for growth

Requires well-vascularized bed  
Donor site must be closed/covered

FTSG, Full-thickness skin graft; STSG, split-thickness skin graft.
From Hierner R, Degreef H, Vranckx JJ, et al: Skin grafting and wound healing: The “dermato-plastic team approach.” Clin Dermatol 
23:343–352, 2005.
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 6. How do sweat glands affect skin grafts?
Apocrine sweat glands are concentrated in the axillae and groin. They become active at puberty, secrete continuously, 
and produce an odor due to bacterial decomposition. Eccrine sweat glands are found throughout the body except at 
mucocutaneous junctions and the nail beds. There are two types of eccrine glands: those located in the palms of the 
hand and soles of the feet and those located on the remainder of the body surface; the former respond to emotional and 
mental stress whereas the latter function in temperature regulation.

The sweat pattern of a skin graft follows that of its recipient site because sweat gland function is directed by 
sympathetic nerve fibers within the graft bed. Skin grafts initially lack the lubrication provided by the sweat glands 
because they are temporarily deinnervated. Therefore, lubricant creams should be applied to the graft until the glands 
are reinnervated.

 7. What happens to the epidermis in the postgraft period?
STSGs show significant mitotic activity in the epidermis by the third postgraft day, in contrast to FTSGs, in which 
mitotic activity is reduced. The graft “scales off,” and the epithelium doubles in thickness in the first 4 days. This is 
due to swelling of the nuclei and cytoplasm of the epithelial cells, epithelial cell migration toward the graft surface, 
and accelerated mitosis of follicular and glandular cells. Between days 4 and 8, rapid turnover of cells leads up to a 
sevenfold increase in epithelium thickness. Not until approximately the end of the fourth week after grafting is the 
epidermal thickness back to normal.

 8. Describe the cellular and fibrous components of the dermis in skin grafts.
The source of fibroblasts in a skin graft is debated. They may be derived from mononuclear cells in the blood or from 
local perivascular mesenchymal cells. However, it is understood that fibroblasts in a healing skin graft do not come from 
indigenous fibrocytes.

In the first 3 days after grafting, the fibrocyte population decreases. After day 3, fibroblast-like cells appear in the graft 
and increase in number and enzymatic activity greater than in normal skin by the seventh and eighth days. Fibroblast 
levels return to normal in the following few weeks.

The source of collagen in skin grafts is also debated. Some have shown that the collagen persists for 40 days 
after grafting. Others have shown that collagen undergoes significant turnover. The peak concentration of 
collagen or rate of replacement occurs in the first 14 to 21 days after grafting. By the end of the sixth week, all 
of the old dermal collagen is replaced. Collagen turnover in skin grafts is three to four times faster than it is in 
unwounded skin. Elastin fibers, also part of the fibrous component, provide skin resilience. Elastin has a high 
turnover rate with continued degeneration through the third week until new fibers start growing at 4 to 6 weeks 
postgraft.

 9. What is the function of the extracellular matrix?
The extracellular matrix (ECM) of skin is composed of proteins of both fibroblast and keratinocyte origin. These proteins 
are involved in directing keratinocyte behavior and keratinocyte–fibroblast communication. The ECM regulates cell-
to-cell interaction and cellular behavior, particularly with regard to cell proliferation, differentiation, migration, and 
attachment.

 10. Describe the healing process of a skin graft.
The skin graft is immediately white on removal from the donor site. Over the next few days a pink hue develops, 
and good capillary refill is elicited. By the sixth postgraft day, lymphatic drainage becomes established through the 
connection of the host and graft lymph channels. As a result, the graft rapidly loses fluid weight until its original pregraft 
level is reached by the ninth postgraft day. Collagen replacement begins by the seventh day and is nearly complete by 
the sixth week after grafting. By the fourteenth to twenty-first days, the graft surface, which originally was depressed, 
becomes level with the surrounding skin. A large number of polymorphonuclear cells and monocytes remain in the 
dermis for several weeks. Vascularization and remodeling may take many months and result in numerous newly formed 
vessels with greater arborization than the vessels of normal skin.

 11. How does a skin graft take?
Skin graft take occurs in three phases:

1. The serum imbibition (plasmatic circulation) phase occurs during the first 48 hours and allows the graft to survive 
the immediate postgraft period before circulation is established. Plasma exudate from host bed capillaries 
provides the serum (not plasma), which nourishes the graft.

2. The revascularization phase occurs after 48 hours through the growth of blood vessels into the graft from the host 
bed (neovascularization) and the anastomosis between graft and host vessels (inosculation). The former serves  
as the primary method of revascularization.
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3. The organization phase begins within hours of graft placement. A fibrin clot forms an interface between the graft 
and host bed, initially causing adherence and later, by postgraft day 7, is infiltrated by fibroblasts. By postgraft day 
9, the graft is firmly secured to the host bed with its vascular supply.

 12. What are the most common causes of autologous skin graft failure?
The most common cause of autologous skin graft failure is hematoma. The blood clot inhibits direct contact of the graft 
with the endothelial buds of the host bed preventing revascularization. Fluid beneath the graft bed (seroma) may also 
cause graft failure. A light pressure dressing minimizes the risk of fluid accumulation.

The second most common cause of graft loss is infection, which can be prevented by carefully preparing the wound 
bed. Other causes of failure include poor vascularity of the graft bed and movement of the placed graft. Care must be 
taken to immobilize the grafted area. Also, properties of the skin graft itself can determine its survival, that is, grafts 
from a highly vascularized donor site heal better than those from a less vascular site.

Another common cause of graft loss is shear. Proper immobilization of a skin graft, using splints, tie-over bolster 
dressings, or the vacuum-assisted closure (VAC) device, depending on the type of graft and recipient site, are paramount 
to preventing graft shear and loss.

 13. What sensory changes occur as a skin graft becomes reinnervated?
Sensation is regained as the graft is reinnervated. Initially, skin grafts are hyperalgesic and then slowly regain normal 
sensation. Sensory recovery begins at approximately 4 to 5 weeks and usually is completed by 12 to 24 months. Pain 
returns first, with light touch and temperature returning afterward. Patients need to be warned of thermal insensitivity to 
prevent injury.

 14. What are the choices for donor sites?
STSG can be taken from any area of the body. Factors to consider with regard to a donor site include donor skin 
characteristics (color, texture, and thickness), amount of skin required, convenience, and scar visibility. STSG for the face 
should be harvested from the supraclavicular area or scalp. For larger areas, STSG can be taken from the anterolateral 
thigh or abdomen. STSG for the extremity and trunk are harvested from the abdomen, upper thighs, or buttocks.

FTSGs usually are harvested where the skin is thin: upper eyelids, preauricular and postauricular area, melolabial area, 
or supraclavicular area for the face. Other donor sites used for FTSG include the hairless groin, flexor crease of the wrist, 
and elbow crease.

 15. What is a dermatome?
A dermatome is a cutting instrument used for harvesting STSGs. It provides a skin graft of consistently uniform 
thickness. Air-powered (Brown or Zimmer) or electric-powered (Padget) dermatomes usually are used. The width 
and thickness of the graft can be adjusted on the dermatome. Harvested graft thickness can be judged by the type of 
bleeding at the donor site. Superficial grafts leave many small punctate bleeding points, whereas deep grafts leave 
fewer bleeding points that bleed more.

 16. What is meshing? When are meshed grafts used?
Meshing is the process of cutting slits into a sheet graft and expanding it prior to placement. Meshed STSGs are used 
primarily when insufficient donor skin is available, a highly convoluted area needs coverage, and/or the recipient bed 
is less than optimal. Mesh grafts are contraindicated for coverage of a joint or for the back of the hand because of 
significant contracture during healing. Graft meshing usually is performed in 1:1.5 or 1:2 ratios.

 17. What are the advantages and disadvantages of meshing?

AdvAntAges

 • Covers larger area while minimizing area harvested
 • Contours and adapts easily to fit an irregular bed
 • Allows drainage of fluid, reducing the formation of seromas and hematomas
 • Increases the edges for reepithelialization

disAdvAntAges

 • Heals by secondary intention between meshed interstices, potentially leading to wound contracture
 • Results in unaesthetic cobblestone, uneven appearance of graft



680 PrinciPles of skin Grafts

 18. What methods of graft expansion are available besides meshing?
 • Pinch grafts are produced by breaking up a graft of skin into small pieces to increase the edge area; they are effective 
in treating small- and medium-size venous ulcers, pressure sores, radiodermatitis, and small burns.

 • In relay transplantation a graft is cut into 3- to 6-mm strips, which are laid down 5 to 10 mm apart. After 5 to 7 
days when the epithelial growth is apparent, the original strips are removed and transplanted, leaving the epithelial 
explants in place. This process can be repeated up to four times.

 • Meek (1958) island sandwich grafts involve use of a specialized dermatome and prefolded gauzes to expand 
squares from small pieces of split-thickness skin graft. The ratio of expansion is reportedly 1:9 (vs 1:4 with Zimmer 
Dermatome II). This method is useful for coverage of granulating wounds that have poor grafting conditions.

 19. Compare primary and secondary contraction.
See Box 104-1.

 20. What factors in the wound bed promote skin graft take?
 • Blood Supply. Skin graft survival depends on blood supply from the wound bed. Graftable beds with adequate blood 
supply include periosteum, perichondrium, and paratenon, as well as débrided cortical bone with granulation tissue 
proliferation. Poor grafting surfaces with inadequate blood supply include exposed bone, cartilage, and tendon. 
Chronic granulation tissue should be débrided down to red, beefy, more vascular, healthier tissue before grafting.

 • Absence of Infection. The bed must be free of pus and necrotic tissue. The bacterial load should be less than 105 
organisms per gram of tissue. Higher bacterial loads need to be treated with local wound care and antibiotics.

 21. What is the optimal dressing for a skin graft?
In most cases, a bolster or tie-over dressing is the best dressing for a skin graft and is usually left in place for 4 to 
5 days. It improves the survival rate by promoting adherence of the graft to the wound to allow imbibition, minimize 
shearing, and prevent hematoma and seroma formation. For an extremity skin graft, this technique involves a 
circumferential compression dressing, often with a splint to immobilize an adjacent joint.

More recently, the wound VAC has been used to provide subatmospheric pressure dressings over the skin graft. It is 
especially useful for large, irregular wounds that would otherwise be difficult to bolster.

 22. How can skin graft pigmentation mismatch be minimized? When does 
hyperpigmentation or hypopigmentation occur?
Pigmentation changes as a graft heals, depending on the area from which it was harvested. FTSGs maintain the best 
pigment match and thus are preferred in highly exposed areas such as the face. The skin of the face and neck above the 
clavicle provides the best color match for grafting facial areas.

Hyperpigmentation occurs regardless of the donor site. STSGs often develop darker pigmentation than do FTSG grafts 
from the same site. Also, grafts harvested from the thigh, buttocks, and abdomen become darker as they heal. Sunshine 
is thought to play a role in permanent graft hyperpigmentation and should be avoided for 6 months after grafting. 
Hyperpigmented grafts are best treated by dermabrasion; the best results are achieved when dermabrasion is done 
after the graft becomes reinnervated.

In contrast, skin grafts to the palm lighten, resulting in hypopigmentation.

 23. What types of dressings are used for donor sites?
See Table 104-2.

Primary Contraction Secondary Contraction
•	 Definition: Immediate recoil of the graft as it is 

harvested due to the elastin in dermis
FTSG contracts more (loses 40% of original area)•	
STSG contracts less (loses 10% of original area)•	

•	 Definition: Wound contraction occurring over 6 to 18 
months due to myofibroblast activity
FTSG contracts less (myofibroblast population decreased •	
by speeding up its life cycle)
STSG contracts more (depends on amount of dermis, i.e., •	
less contraction with more dermis)

Box 104-1. Primary versus Secondary Contraction

FTSG, Full-thickness skin graft; STSG, split-thickness skin graft.
From Place MJ, Herber SC, Hardesty RA: Basic techniques and principles. In Aston SJ, Beasley RW, Thorne CHM (eds): Grabb and 
Smith’s Plastic Surgery, 5th ed. Philadelphia, Lippincott Raven, 1997, pp 17–19.
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24. How many times can a split-thickness graft be harvested from the same site?
A single donor site can be harvested multiple times. The epithelium always regenerates but the dermis does not. Thus 
the number of harvests is dependent on the dermis thickness.

25. What is dermal overgrafting?
In dermal overgrafting, a surface epithelium is replaced with an STSG after the epithelium is removed by dermabrasion 
or sharp dissection. Overgrafting preserves subcutaneous tissues and is a relatively simple procedure, and the tissue 
consequences of graft failure are minimal. Indications for overgrafting are hypertrophic scars, hyperpigmented skin 
grafts, large pigmented nevi, radiation damage, and tattoos.

26. Compare allografts and xenografts.
See Table 104-3.

27. What other effective temporary biologic dressings exist as a bridge to autografting in 
patients with extensive burns (total body surface area >50%)?
Human amniotic membrane is one option that can be used as a temporary dressing. It is composed of an inner 
membrane (amnion) and an outer membrane (chorion). These membranes have a mesenchymal surface in addition to 
their epithelial (amnion) and decidual (chorion) surfaces. They have been effectively used as temporary dressings for 
leg ulcers and for contaminated or infected raw surfaces (e.g., burns, pilonidal cyst sinuses), and as coverage of donor 
sites. Recent use of freeze-dried, gamma-sterilized amniotic membrane has prevented the problem of bacterial and viral 
contamination from donors.

OPEN SEMIOPEN SEMIOCCLUSIVE OCCLUSIVE

Advantages Cheapest Allows egress of 
fluid and bacteria 

Xeroform: Infection-
free, inexpensive, 
reepithelializes in 
10 days 

Biobrane: 
Comfortable for 
patient

Impermeable to 
bacteria and liquid 
but permeable to 
moisture 

Promotes faster and 
less painful healing

Does not adhere to 
the bed, so no pain 
or skin irritation 

Enhances the rate of 
epithelialization and 
collagen synthesis 

Reduces bacterial 
count by increasing 
the acidity of the 
exudates

Disadvantages Prolonged  
healing time, 
increased pain

Biobrane: 
Expensive, donor 
site infections

Requires frequent 
drainage of fluid 
collecting under 
dressing

Impermeable to 
oxygen

Examples Biobrane, fine 
mesh gauzes 
impregnated 
with scarlet red, 
Vaseline, calcium 
alginate, Xeroform

Op-Site, Tegaderm DuoDerm

Table 104-2. Types of Dressings

From Kelton P: Skin grafts. Select Read Plast Surg 9:1–26, 1999.

ALLOGRAFT XENOGRAFT

Indications Effective temporary biologic dressings. Useful 
when total body surface area >50% resulting 
in insufficient autograft donor sites.

Effective temporary biologic dressing.
Useful when total body surface area 
>50% resulting in insufficient autograft 
donor sites.

Advantages Becomes vascularized. Low cost, availability, easy storage, easy 
sterilization.

Disadvantages Rejected 10 days or later if 
immunosuppressed. Should be changed 
every 2–3 days to avoid rejection. Risk of 
human immunodeficiency virus transmission.

Rejected quickly and does not become 
vascularized. Can induce significant 
inflammatory response resulting in 
delayed healing.

Table 104-3. Allografts versus Xenografts

From Kelton P: Skin grafts. Select Read Plast Surg 9:1–26, 1999.
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Parental allografts intermingled with the child’s autograft are another option. The parental skin persists for a longer time 
without rejection even in the absence of deliberate immunosuppression. Although the cellular elements of the parental 
skin do not survive, the parental dermis contributes to the final skin. Other benefits include psychological benefits to the 
parent, who feels that he/she is contributing to the child’s care, and elimination of the risk of human immunodeficiency 
virus transmission with other allografts.

28. What is tissue-cultured skin?
Tissue-cultured skin is composed of human epidermal cells grown in vitro that is stable for grafting. Whole skin is 
enzymatically digested with trypsin to produce a single-cell suspension of keratinocytes that are then grown on a 
monolayer of lethally radiated mouse fibroblasts in a culture flask. Keratinocyte autografts or allografts are used in the 
treatment of burns or other extensive skin wounds. From a section of skin the size of a postage stamp, 1 m2 sheet of 
keratinocytes can be cultured in 3 to 6 weeks.

A disadvantage of cultured skin is the presence of hyperkeratosis for relatively long periods. It is postulated that the 
newly formed epidermis remains in a hyperproliferative state due to the absence of a modulating dermal factor.  
A major disadvantage is the potential risk of malignancy due to the presence of mitogens as keratinocytes are 
cultured, leading to spontaneous transformation. Other hindering factors to the use of cultured keratinocytes are  
their high expense, fragility, sensitivity to infection, and time length to cultivate, during which the patient’s condition 
may deteriorate.

29. What are unilaminar and bilaminar skin substitutes?
Skin substitutes act as artificial skin and are designed to be left in place for a long period, unlike temporary 
dressings. They have unilaminar or bilaminar membranes and are composed of synthetic and/or biologic materials. 
Unilaminar membranes include hydrogels, hydrocolloid dressings, and vapor-permeable membranes. They provide 
no mechanical protection but effectively débride the wound, decrease bacterial count, and stimulate granulation 
tissue growth. Bilaminar skin substitutes include completely synthetic, biologically inert materials, autologous 
tissue, and collagen-synthetic composite materials. Apligraf (Organogenis, Canton, Massachusetts), a bioengineered 
bilayer skin equivalent composed neonatal fibroblasts and keratinocytes, also functions as an effective skin 
substitute.

30. What are the applications of fibrin glue in skin grafting?
Fibrin glue prepared from fibrinogen concentrates is useful as a biologic adhesive. Its hemostatic properties help to 
reduce blood loss and to secure the graft in place. This results in decreased hematoma formation and decreased 
graft motion, both of which enhance graft survival. Another benefit is the antibacterial action of fibrin glue. In a 
clot of fibrin glue, bacterial growth has been found to be slower than in a physiologic clot. Fibrin glue, whether 
derived from an autologous, single donor, or multidonor source, does not interfere with the healing process. 
Autologous preparation techniques eliminate the small but present danger of disease transmission with multidonor 
preparations.

31. What is a free dermal-fat graft?
A free dermal-fat graft (FDFG) provides a lasting and effective source of implant material for repair of soft tissue contour 
defects and is often used in the reconstruction of defects of the face. When implanting an FDFG, overcorrection of 
approximately 30% to 40% is necessary to compensate for graft shrinkage. One of the risks is epithelial cyst formation, 
which can be minimized with adequate deepithelialization of the FDFG.

32. What is the role of skin grafting in the treatment of vitiligo?
Stable vitiligo that is refractory to conventional treatment can be effectively treated with a very thin split-thickness graft 
followed by psoralen and ultraviolet A (PUVA) treatment. However, the success rate depends on the site of the lesion. The 
forehead yields the most favorable results, whereas the lip, nose, neck, and bony prominences are difficult to treat in 
this manner.
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PrinciPles of skin flaP surgery

 1. How do main distributing arteries reach the cutaneous circulation of a flap?
Arteries that perfuse a surgical flap pass into the skin component in one of two fundamental ways:

 • Musculocutaneous arteries travel perpendicularly through underlying muscle bellies into the overlying cutaneous 
circulation of the skin. They are most prevalent in the supply of skin covering the broad, flat muscles of the torso 
(e.g., latissimus dorsi, rectus abdominis).

 • Septocutaneous arteries, which arise originally from either segmental or musculocutaneous vessels, pass directly 
within intermuscular fascial septae to supply the overlying skin. This arrangement is most common between the 
longer, thinner muscles of the extremities (e.g., radial forearm flap, dorsalis pedis flap).

 2. What are the three main characteristics of skin-containing flaps?
Composition, blood supply, and method of movement.

 3. Classify skin-containing flaps in terms of their composition.
Based on which tissues are contained within a flap, they can be described as cutaneous, fasciocutaneous, 
myocutaneous, osseocutaneous, or innervated (sensate) cutaneous.

 4. Classify skin-containing flaps in terms of their blood supply (Fig. 105-1).
The blood supply of a flap originates from either a musculocutaneous or a septocutaneous artery. The flap is then 
designed so that the skin is nourished via randomly or axially oriented feeder vessels.

1. Musculocutaneous Artery as Main Source
 • Random Flaps: Supplied by one or more musculocutaneous perforating arteries that penetrate the overlying 
cutaneous circulation specifically at the flap’s anatomic base. Their incorporation into the flap base occurs on a 
random basis.

 • Axial Flaps: Supplied by a named musculocutaneous vessel that is axially oriented within the underlying 
muscle. By including the muscle in the flap, the overlying skin is supplied by a series of musculocutaneous 
perforating arteries that exit the muscle and penetrate the overlying cutaneous circulation at multiple 

PLEXUSES

Subepidermal

Subcutaneous
Skin

Fascia

Muscle

Subcutaneous
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Musculocutaneous
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Subfascial

Dermal
Subdermal

Figure 105-1. Cutaneous 
microcirculation. (From McCarthy 
JG: Plastic Surgery. Philadelphia, WB 
Saunders, 1990, p 282.)
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points along the course of the flap’s axis. With this configuration, the vascular pedicle (i.e., the main 
musculocutaneous artery) is said to be cantilevered far beyond the flap’s anatomic base, providing greater 
length and reliability.

2. Septocutaneous Artery as Main Source
 • Random Flaps: Supplied by one or more branches off the septocutaneous system that penetrate the overlying 
cutaneous circulation specifically at the flap’s anatomic base. Their inclusion in the flap base occurs by random 
selection.

 • Axial Flaps: Supplied by a named septocutaneous vessel that runs longitudinally along the axis of the flap. 
The vessel may be located deep and incorporated into the flap via a fascial/septal attachment that provides 
segmental perforators (e.g., radial artery in the forearm flap), or it may be located in a more superficial position 
free of a fascial association (e.g., superficial circumflex iliac artery in the groin flap).

 5. Classify skin-containing flaps in terms of their method of movement (Fig. 105-2).
Flap transfer is commonly described in the following ways:

 • Local Transfer: Advancement, pivot (rotation), and interpolation (transposition)
 • Distant Transfer: Direct, tubed, and microvascular

 6. Classify the following flaps according to their three major characteristics.
See Table 105-1.

 7. In what year did plastic surgeons successfully introduce free tissue transfer as a 
reconstructive option? What type of procedure was performed?
In 1973 a new era of reconstructive plastic surgery was inaugurated with the publication of a series of reports 
describing the use of island skin flaps from the abdomen and groin region. These flaps were based variably on the 
superficial inferior epigastric or superficial circumflex iliac arteries. The initial reports described the use of these 
flaps for coverage of posttraumatic soft tissue defects of the lower extremity. A subsequent period of widespread 
experimental and anatomic investigation soon led to an explosion of donor site options and flap compositions for use by 
the reconstructive surgeon.

 8. What is an angiosome? What is its significance in flap design?
Analogous to a sensory dermatome, which is an area of skin innervated by a named sensory nerve, an angiosome is a 
composite block of tissue supplied by the same source artery. The source artery (i.e., a segmental or distributing artery) 
supplies the skin and underlying structures within the given three-dimensional block of tissue. The entire skin surface of 
the body is perfused by a multitude of angiosome units. Adjacent angiosomes are linked by intervening reduced-caliber 
vessels referred to as choke vessels. In principle, a flap can support one angiosome supplied in a random cutaneous 
fashion. Moreover, an axial-pattern flap can carry with it an additional angiosome of tissue that is perfused via an 

Local Flaps

Distant Flaps

Advancement Rotation Interpolation

Direct Tube Free

Figure 105-2. Classification of skin flaps by method of movement. (From McCarthy JG: Plastic Surgery. Philadelphia, WB Saunders,  
1990, p 277.)
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intervening choke vessel in a random cutaneous fashion (beyond the domain of the main flap pedicle). Examples include 
(1) a Bakamjian deltopectoral flap designed with a lateral, random cutaneous extension existing beyond the domain of 
the medially based intercostal perforating vessels and (2) a transverse rectus abdominis myocutaneous (TRAM) flap 
incorporating cutaneous extensions lateral to the perforators arising through the underlying rectus abdominis muscle 
(zones 3 and 4).

 9. What is the “delay procedure”? What is the “delay phenomenon”?
The delay procedure is a preliminary surgical intervention wherein a portion of the vascular supply to a flap is divided 
before the definitive elevation and transfer of the flap. The resulting benefit, termed the delay phenomenon, is extension 
of the longitudinal reach of a flap’s vascular pedicle, creating a greater flap area due to the survival of a more extended 
random cutaneous component distally. The mechanism of this phenomenon is somewhat controversial. Explanations 
include sympathectomy-induced enhancement in vascularity, longitudinal vascular reorientation, vascular enlargement, 
improved tissue tolerance to hypoxia (metabolic adaptation), and dilation of choke vessels between vascular territories, 
allowing capture of adjacent angiosomes.

 10. What does the term critical ischemia time mean?
Critical ischemia time (CIT) refers to the maximal period of ischemia that a given tissue can withstand and still remain 
viable after resumption of vascular flow. You can look at the CIT50 value, which is the ischemia time that results in flap 
necrosis in 50% of cases (analogous to the median lethal dose [LD50] of a pharmacologic agent). Critical ischemia is a 
temperature- and tissue-dependent parameter. Skin grafts can tolerate up to 3 weeks of complete ischemia when stored 
at 3°C to 4°C. Clinical reports have described the survival of human free flaps and amputated human digits after more 
than 24 hours of ischemia when they were preserved at hypothermic conditions. Experimental studies in a normothermic 
skin flap model have shown a CIT50 of 9 hours. Muscle, because of its metabolic requirements, is relatively more sensitive 
than skin to the stress of ischemia. Other metabolically demanding organs (e.g., brain, heart, kidney) are even more 
vulnerable to the stress of hypoxia and energy depletion, as reflected by much shorter CIT50 values.

 11. What is primary versus secondary ischemia?
In microsurgery, the term primary ischemia refers to the obligatory interval between pedicle division at the donor 
site and removal of the vascular clamps after microanastomosis at the recipient site. Secondary ischemia occurs 
postoperatively when the flap pedicle is compromised by either extrinsic or anastomotic obstruction.

 12. What does the term ischemia–reperfusion injury mean?
Ischemia–reperfusion injury refers to the finding that postischemic reestablishment of vascular perfusion may result 
in tissue damage above and beyond that directly resulting from the ischemia itself. The distinction between ischemic 
injury and reperfusion injury has been characterized as cellular death of attrition versus cellular death by bombardment. 
Ischemia results in a death of attrition through processes such as oxygen deprivation, adenosine triphosphate/energy 
depletion, calcium depletion, and cell membrane dysfunction. Reperfusion results in death by bombardment through 
processes such as neutrophil respiratory burst with free radical formation; up-regulation of cell adhesion molecules, 
which results in neutrophil diapedesis and degranulation; and leukocyte, platelet, and endothelial cell release of peptide 
and lipid proinflammatory mediators. Therefore the experimental and clinical approaches to improving flap survival must 
consider the implications of both ischemia and reperfusion.

Table 105-1. Classification of Flaps by Composition, Blood Supply, and Movement

FLAP COMPOSITION BLOOD SUPPLY MOVEMENT

Limberg flap Cutaneous Musculocutaneous artery (random) Local pivot

Abbe flap Myocutaneous Musculocutaneous artery (axial: labial 
artery)

Distant direct

Groin flap Cutaneous Septocutaneous artery (axial: superficial 
circumflex iliac artery)

Distant direct, tubed, 
or microvascular

Radial forearm 
flap

Fasciocutaneous Septocutaneous artery (axial: radial 
artery)

Local interpolation or 
distant microvascular

Cross-finger flap Cutaneous Septocutaneous artery (random) Distant direct

Forehead flap Myocutaneous Musculocutaneous artery (axial: 
supratrochlear with or without 
supraorbital artery)

Distant direct or local 
interpolation

TRAM flap Myocutaneous Musculocutaneous artery (axial: superior 
and/or inferior epigastric artery)

Local interpolation or 
distant microvascular

TRAM, Transverse rectus abdominis myocutaneous.
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 13. What mechanisms may lead to the failure of a pedicled flap? A free flap?
Tissue loss after the transfer of a pedicled flap typically results from distal necrosis. In such a situation, the flap is 
designed too large for its inherent vascular supply, and an associated random cutaneous component exists beyond 
the flap’s zone of perfusion. Alternatively, mechanical trauma, a compressive dressing, or an adjacent hematoma may 
compromise the flap pedicle and result in more extensive tissue loss. A free flap, in contrast, has classically been 
described as exhibiting an all-or-none survival pattern. In reality, segmental free flap loss is occasionally seen in distal 
flap zones that represent random extensions of the axially supplied flap (e.g., zones 3 and 4 in a free TRAM flap). 
Occurring more commonly than extrinsic mechanical compromise of the pedicle, intraluminal problems arising directly 
at the level of the microsurgical anastomosis may lead to vascular thrombosis and complete flap loss.

 14. How can you optimize the viability of a pedicled flap?
With the use of pedicled flaps, segmental loss usually is due to distal necrosis. In contrast to the early, vigilant 
surveillance of free flaps, which allows salvage of anastomotic complications by emergent reexploration, there is little 
need for use of sophisticated techniques to monitor pedicled flap viability. Rather, proper flap design based on an 
adequate knowledge of relevant anatomy and published clinical experience are critical to the prevention of distal flap 
necrosis. Avoidance of (1) extrinsic pedicle compression, (2) undue tension upon wound closure, and (3) excessive flap 
dependency, with attendant venous congestion, are essential principles. The delay procedure, based on the rationale 
provided, also can be used to improve flap viability or to extend flap area. Intravital dyes (e.g., fluorescein) occasionally 
are used to help determine the zone of perfusion in a pedicled flap. The management of distal flap necrosis typically 
is conservative or expectant, involving conventional wound care and possible secondary, delayed revision. Clinical 
observation alone is generally sufficient to identify the rare instance in which a correctable, mechanical disturbance 
results in impending, total pedicled flap failure.

 15. What methods are used to monitor the viability of a free flap that contains a 
cutaneous component?
More than 20 years after the clinical introduction of microsurgical free tissue transfer, monitoring of free flap viability 
remains controversial. However, all experts agree that flap monitoring is crucial in the early postoperative period 
because of the possibility of total free flap failure secondary to microanastomotic thrombosis. Early flap reexploration 
rates, depending on the series, may be upward of 15%, although ultimate free flap success typically is achieved in 
95% of cases. These figures clearly indicate a significant chance for free flap salvage if secondary ischemia is promptly 
detected before the onset of the no-reflow phenomenon.

In general, viability is easier to evaluate in skin-containing free flaps than in flaps containing only muscle, bone, or 
viscera. Clinical observation of skin color, capillary refill, or postpuncture dermal bleeding is a simple and valuable 
method of flap assessment. A multitude of more sophisticated methods have been used, including intravenous 
fluorescein (either conventional bolus technique or low-dose sequential dermatofluorometry), surface Doppler 
monitoring, temperature probes, laser Doppler flowmetry, tissue pH readings, pulse oximetry, and direct tissue oxygen 
measurement (via transcutaneous or implantable PO

2 electrodes). Depending on the particular setting, strong arguments 
can be made on behalf of some or all of these techniques. Yet in experienced hands, clinical observation of skin-
containing free flaps remains the most useful and reliable monitoring technique.
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 1. What exactly is a fasciocutaneous flap?
According to Tolhurst, any vascularized flap that contains fascia for the intent to augment the overall vascularity is 
a fasciocutaneous flap. Lamberty disagrees with such a simplistic viewpoint, arguing that a “true” fascial flap must 
include a specific known “septocutaneous” perforator that discretely supplies the fascia. A broader and very reasonable 
definition by Nahai states that fasciocutaneous flaps are skin flaps made more reliable by inclusion of the deep fascia, a 
maneuver that usually ensures preservation of circulation to the skin by whatever means.

BASIC ANATOMY

 2. Describe the vascular contributions to the “fascial plexus.”
The fascial plexus is not a discrete structure per se but represents a confluence of multiple, adjacent vascular networks 
and their branches that have emanated from the perforators of the deep fascia or “fascial feeders.” Intercommunications 
among these networks exist at the subfascial, fascial, suprafascial, subcutaneous, and subdermal levels.

 3. Where are “fascial feeders” found?
These are branches of the source vessels to a given angiosome that do not perforate the deep fascia. Instead, they 
terminate within the subfascial plexus.

 4. What are the six patterns of perforators of the deep fascia that can each supply a 
distinct type of fasciocutaneous flap?
See Fig. 106-1.

A = Direct cutaneous
B = Direct septocutaneous
C = Direct cutaneous branch of muscular vessel
D = Perforating cutaneous branch of muscular vessel
E = Septocutaneous perforator
F = Musculocutaneous perforator

B

X X

S

A F E D C

Figure 106-1. Pathways of the 
various known cutaneous perforators 
that pierce the deep fascia to supply 
the fascial plexus. S, Source vessel; 
X, deep fascia. (Modified with 
permission from Hallock GG: Direct 
and indirect perforator flaps: The 
history and the controversy. Plast 
Reconstr Surg 111:855–866, 2003.)



689TISSUE TRANSPLANTATION

 5. Are direct septocutaneous vessels and septocutaneous perforators actually 
different?
Indeed they are. Both traverse an intermuscular septum, but direct septocutaneous vessels are of relatively large caliber 
and can nourish the fascial plexus of a large cutaneous territory alone, for example, the circumflex scapular vessels 
whose cutaneous branch supplies almost the entire dorsal thoracic fascia. Septocutaneous perforators are diminutive 
and tend to be found as a sequential and close-knit array of branches from the same source vessel, for example, those 
found nourishing the radial forearm flap.

 6. The dorsal thoracic fascia is synonymous with the territory of what fasciocutaneous 
flaps?
The dorsal thoracic fascia is equivalent to the upper back fascia. It can almost in toto be supplied by the cutaneous 
branch of the circumflex scapular vessels, which historically has been used to base the scapular and parascapular 
flaps and their variants. Of course, there are other contributions, such as from intercostal and musculocutaneous 
perforators.

 7. Is a “muscle” perforator flap just a type of fasciocutaneous flap?
This is an extremely controversial point, yet a “muscle” perforator flap relies on the large perforating 
musculocutaneous branches of the source pedicle to a muscle. These are identical to the “perforating cutaneous 
branches of a muscular vessel” according to Nakajima et al., and the latter are the basis of one of their types of 
fasciocutaneous flaps.

 8. Simplify the stratification of the types of deep fascial perforators as being either 
“direct” or “indirect” perforators.
The system of nomenclature for skin flaps has become incredibly chaotic due to use of terms such as “axial flaps,” 
“random flaps,” and “septocutaneous flaps.” This can be simplified by considering that all perforators contributing to 
the fascial plexus do so either directly or indirectly. Using the terms introduced by Nakajima et al., direct perforators 
(e.g., axial, septocutaneous, or direct cutaneous branch of a muscular vessel) course from the source vessel of the given 
angiosome to the skin without first supplying any other deep structure. Indirect perforators (e.g., musculocutaneous 
perforators) first pass through some intermediary structure before reaching the subdermal plexus. The corresponding 
flaps would then be either direct or indirect fasciocutaneous flaps.

 9. What role does the deep fascia have in most fasciocutaneous flaps?
Although the deep fascia does have an intrinsic microcirculation, for all practical purposes it is avascular. Its real value, 
when included as part of a fasciocutaneous flap, may be to prevent inadvertent injury to the suprafascial portion  
of the fascial plexus, thereby increasing the reliability of the flap.

 10. Can a fasciocutaneous flap be neither fascial nor cutaneous?
Because the deep fascia itself adds little to the overall circulation to a fasciocutaneous flap, it can be excluded totally 
as long as the vasculature within the overlying tissues is kept intact. Typically, this maneuver still will allow survival 
of what then would be a non-fascia fasciocutaneous flap. The skin is an end organ relying on the subdermal plexus 
fed by the fascial perforators, and it too is superfluous because it does not contribute to vascularization of the fascial 
plexus per se but is, in fact, a parasite. Thus it also could be excluded without affecting the viability of the rest of the 
fasciocutaneous flap.

 11. Describe the composition of the subcutaneous flap and the adipofascial flap.
If both the skin and deep fascia are excluded from a fasciocutaneous flap, what is left is a subcutaneous flap. Similarly, 
retention of the deep fascia without the skin component creates an adipofascial flap. Because the major portion of the 
fascial plexus usually is found within the subcutaneous tissues, both can be most simply considered just variations of 
fasciocutaneous flaps that differ only in their composition.

 12. Define the three subtypes of fasciocutaneous flaps using either the Cormack-
Lamberty or Nahai-Mathes schema.
These two major classification schemas categorize fasciocutaneous flaps into three subdivisions according to the 
pathway of origin of their fascial perforators (Fig. 106-2).
 • Cormack-Lamberty Subtypes

 • Type A: Multiple perforators (without any known discrete origin; may be a combination of direct or indirect  
[more likely] perforators)

 • Type B: Solitary perforator (single perforator, usually direct)
 • Type C: Segmental perforators (multiple, arising periodically from the same underlying source vessel, usually 
direct)
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 • Nahai-Mathes Subtypes
 • Type A: Direct cutaneous perforator (similar to the older term “axial”)
 • Type B: Septocutaneous perforator (courses directly along an intercompartmental or intermuscular  
septum)

 • Type C: Musculocutaneous perforator (indirect)

13. In what body regions do direct fascial perforators predominate when compared with 
musculocutaneous perforators?
Because most direct perforators of the deep fascia arise within intercompartmental or intermuscular septa, they are 
more prevalent wherever long, slender muscles are found, such as in the extremities. In contrast, musculocutaneous 
perforators are more numerous over the broad, flatter muscles associated with the trunk, where muscular septa are few 
and far apart.

BASIC PHYSIOLOGY

14. Explain how the axis determines the proper orientation for designing a 
fasciocutaneous flap.
The predominant direction of blood flow within a given fascial plexus determines its axis. For the most part, the  
vector summation of the contributions to the fascial plexus by all perforators is longitudinal in the extremities and 
somewhat oblique or horizontal in the torso. The design of a fasciocutaneous flap oriented along this axis or direction  
of flow will maximize its potential length by best capturing adjacent perforator territories.

 15. How can the maximum potential length of a fasciocutaneous flap  
be estimated?
Safe limits for the design of a fasciocutaneous flap have been determined only by trial and error, for example,  
a length-to-width ratio of 2:1 for the lower extremity (compared with 1:1 for random flaps). There can be no set rules 
because deep fascia perforators are so frequently anomalous in caliber and location not only among individuals but also 
in opposite sides of the same individual.

 16. What is the point of rotation of a fasciocutaneous flap?
Applicable to local flaps, this corresponds to the site where the flap is tethered by its vascular pedicle.

 17. What is the arc of rotation of a fasciocutaneous flap?
The distance from the point of rotation to the most distant safe length of the given flap determines the range of coverage 
or arc of rotation through which a local fasciocutaneous flap can be transposed. Whereas the expected range in flap size 
for a given body region has been learned through the experience of other surgeons, the maximal arc of rotation really 
remains conjectural at this time.

Type A: Multiple Type B: Solitary Type C: Segmental

Type A: Direct Cutaneous Type B: Septocutaneous Type C: Musculocutaneous

Cormack & Lamberty

Nahai & Mathes

Figure 106-2. Two major 
classification schemas for fascia 
flaps stratified according to the 
origin of their fascial perforators. 
(Courtesy Carol Varma, Multimedia 
Communication Manager, The 
Lehigh Valley Hospital, Allentown, 
Pennsylvania.)
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 18. Who is Pontén, and what are his “superflaps”?
Bengt Pontén of Sweden is generally credited for reintroducing the concept of the fasciocutaneous flap. He observed that 
undelayed cutaneous flaps from the lower leg, if oriented along a longitudinal axis with retention of the deep fascia, had 
extraordinary viability up to even a 3:1 length-to-width ratio. Historically, only 1:1 flaps (without fascia) previously had been 
considered safe in this region. His flaps were proximally based and sensate, with no discrete perforator ever identified (i.e., 
Cormack-Lamberty type A). Some authorities consider these “superflaps” to be identical to the neurocutaneous flaps of the 
lower extremity, which also have a unique robustness; and in both cases may be more than just a coincidence.

 19. Define a distal-based fasciocutaneous flap. Why is it more dependable than its 
muscle flap counterpart?
For muscle flaps, distal-based implies that the vascular pedicle chosen to sustain the muscle enters that border of 
the flap either farthest away from the heart or its dominant vascular supply, which by definition would be a minor or 
secondary blood supply. Usually for distal-based fasciocutaneous flaps, the pedicle is found at that boundary farthest 
from the heart. They are more dependable because flow in the fascial plexus typically is multidirectional, which would 
be equivalent if the chosen distal fascial perforator had characteristics comparable to the proximal perforator. It is the 
quantity of flow via the chosen perforator (usually proportional to caliber) rather than the pedicle orientation per se that 
determines the extent of viability of a fasciocutaneous flap.

 20. State the primary advantage of a distal-based fasciocutaneous flap.
Proximal skin territories known to be reliable can be transposed on a distal pedicle for potential coverage of acral 
defects. This is especially valuable in the extremities where otherwise a free flap might be the only acceptable 
alternative. In this regard, the distal-based sural flap has become a workhorse flap. The skin of the calf, relying on a 
distal perforator of the peroneal artery, can be transferred to cover the foot and ankle, primarily in lieu of a microsurgical 
tissue transfer.

 21. Are distal-based fasciocutaneous flaps and retrograde flow-flaps the  
same entity?
Sometimes they can be. Retrograde-flow flaps usually are distal-based flaps where both arterial inflow to and 
venous outflow from a more proximal skin territory is in a reverse direction from the normal. A good example is 
the distal-based radial forearm flap where the radial artery is perfused in a reverse fashion from the ulnar artery 
via an intact superficial palmer arch. However, a distal perforator sustaining a distal-based flap, if appropriately 
designed, still could maintain an orthograde pattern of flow. This is true, for example, if the radial recurrent artery is 
chosen to supply a distal-based lateral arm flap. Suffice it to say that a distal-based flap may be the same as, but 
is not necessarily synonymous with, a retrograde-flow flap. Furthermore, reverse flow does not necessarily mean 
retrograde flow.

 22. How does venous regurgitation occur in a retrograde flow flap?
Normally, the reversal of venous outflow is obstructed by valves. Two hypotheses currently explain the clinical 
observation of venous regurgitation in retrograde-flow flaps despite the presence of valves:

 • Bypass Theory: Alternative anatomic structures for venous flow circumvent the valves.
 • Incompetent Valve Theory: Some intrinsic or extrinsic physiologic factors overcome the normal function of the 
valve, rendering it nonfunctional.

The next time you dissect a major limb artery, carefully check the two venae comitantes and note the numerous 
communicating branches that cross over the artery to reach each other. Usually just a mere nuisance that hinders 
dissection of that artery, these branches may be an important avenue for circumventing the valves in that segment of 
veins (Box 106-1).

23. How is Allen’s test relevant to the Chinese flap?
Because the radial forearm flap initially was developed by the Chinese, it is sometimes referred to as the “Chinese 
flap.” If the radial artery is included with the flap, the ulnar artery must maintain sufficient collateral circulation to 
the hand. Compression of both arteries at the wrist followed by release of only the ulnar artery must demonstrate 
complete hand perfusion (i.e., a negative Allen’s test). Otherwise, sacrifice of the radial artery with this flap would be 
contraindicated.

24. What is the superficial ulnar artery trap?
The superficial ulnar artery trap is an excellent example of the potentially disastrous complications that plague the 
fasciocutaneous system of flaps due to the frequency of anatomic anomalies. Normally, the ulnar artery lies deep within 
the medial intermuscular septum of the forearm. However, in approximately 9% of individuals it lies superficial to the 
deep fascia. Thus the unsuspected inclusion of all suprafascial structures within a radial forearm flap would totally 
devascularize the hand!
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APPLIED ANATOMY

25. Why has the radial forearm flap fallen into disrepute in some quarters  
of the world?
Although the flap itself has numerous attractive attributes, donor site morbidity potentially can be disastrous. This 
includes hand ischemia, dysesthesias, dysfunction from tendon adhesions, osteomyelitis, and a nonesthetic appearance 
if a skin graft was used. Other cutaneous flaps now can offer the same advantages without the risks.

26. What is the Becker flap?
The territory of the Becker flap (named after the noted anatomist) corresponds to the dorsal ulnar border of the forearm. 
Becker described a fairly constant dorsal branch of the ulnar artery that supplies this region. Because the point where 
it pierces the deep fascia is only a few centimeters proximal to the pisiform, it can be used as a distal-based island 
flap (with orthograde perfusion) to take the proximal ulnar forearm skin for provision of coverage of the hand without 
sacrificing the ulnar artery itself.

27. Why has the groin flap fallen into disfavor?
Although a cutaneous flap from the groin still can be useful as a pedicled or free flap, the dissection can be hampered 
by the high frequency of vascular anomalies. The groin flap is a notorious example of a not so uncommon and major 
problem with using fasciocutaneous flaps as a group. The lateral groin is nourished medially by both the superficial 
circumflex iliac artery (SCIA) and superficial inferior epigastric artery (SIEA) and laterally by contributions from the deep 
circumflex iliac artery. A reciprocal relationship in the size or variation even in the presence of these vessels is the norm. 
In 48% of cases, the SIEA and SCIA share an origin from the common femoral artery. They may be inversely related or 
equal in diameter, or one may be altogether missing.

28. The importance of the triangular space of the thorax is because what direct fascial 
perforator emanates through it?
The largest branch of the subscapular artery usually is the circumflex scapular, which in turn passes through the 
triangular space to give off a cutaneous perforator to the dorsal thoracic fascia. This in turn terminates in branches that 
radiate like the spokes of a wheel to supply many named upper back fasciocutaneous flaps, such as the ascending 
scapular (ascending branch), scapular (transverse branch), parascapular (descending branch), and inframammary 
extended circumflex scapular flap (unnamed branch).

29. Name the muscles that define the boundaries of the triangular space.
The teres minor superiorly, the teres major inferiorly, and the long head of the triceps muscle laterally form a potential 
triangular shaped opening located just superior to the posterior axilla (Fig. 106-3).

A. Bypass via Alternative Venous Pathways
1. Macrovenous (involving the venae comitantes)

a. Interconnecting communicating branches between comitantes
b. Collateral branches that go proximal and distal to the valve to rejoin the same comitans

2. Microvenous (avalvular veins accompanying the venae arteriosae)
3. Avalvular vein segments

B. Valve Incompetency
1. Intrinsic (alternations in valve structure)

a. Structural anomalies preventing cusp contact
b. Intrinsic smooth muscle contractions

2. Extrinsic
a. Intraluminal factors

I. Excessive luminal distension
II. Overcome by increased proximal/distal pressure gradient

b. Extraluminal factors: External pressures opening the valve

Box 106-1. Mechanisms that Allow Reversal of Venous Outflow in Retrograde Perfused 
Fasciocutaneous Flaps
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30. What important structures pass through the quadrilateral space to form the 
neurovascular pedicle for a sensate upper arm fasciocutaneous flap?
The posterior circumflex humeral (PCH) vessels and axillary nerve traverse the quadrilateral space. A cutaneous branch 
of the PCH and the lateral brachial cutaneous nerve from the axillary nerve supply the deltoid flap, which is a potentially 
sensate flap from the upper outer arm.

31. Name the structures that define the boundaries of the quadrilateral space.
The medial side of the quadrilateral space is formed by the long head of the triceps, the inferior side by the teres major, 
and superior border by the teres minor muscle. The humerus defines the lateral border (see Fig. 106-3).

32. Perhaps the most notorious liability of the fasciocutaneous flap is the risk 
of morbidity at the donor site, especially if a skin graft has been required 
for closure. Describe at least three ways in which this specific risk can be 
minimized.
Any variants of the fasciocutaneous flap that exclude the cutaneous component (e.g., subcutaneous, fascial, or 
adipofascial flap) leave behind the original skin with its intact subdermal plexus. This can be used to close the 
donor site directly. In patients with enough local skin redundancy, primary closure may also be possible even with a 
fasciocutaneous flap if the desired flap is small or if pretransfer or posttransfer tissue expansion has been performed. 
Finally, certain geometric designs of local flaps can be used with the intent not just to close the defect but also to 
provide simultaneous donor site closure, such as a V-Y advancement or bilobed fasciocutaneous flap.

33. Name some advantages of fasciocutaneous flaps when compared with  
muscle flaps.
Probably the most valuable asset is that no functioning muscle is expended. Fasciocutaneous flaps are readily accessible 
because they are near the skin surface. As a corollary, deep underlying neurovascular structures can be avoided and risk of their 
injury minimized. If a cutaneous nerve can be incorporated into the flap design, true sensate flaps are possible (Table 106-1).

34. Identify the source vessel and type of perforator in these 10 commonly used fascia 
flaps.
See Table 106-2 and Fig. 106-4.

Circumflex
scapular

artery

Triangular space

Quadrilateral
space

Teres minor

Teres major

Posterior
humeral
circumflex
artery

Axillary nerve

Long head
of triceps

Figure 106-3. Boundaries of the 
triangular and quadrilateral spaces. 
(Courtesy Carol Varma, Multimedia 
Communication Manager, The 
Lehigh Valley Hospital, Allentown, 
Pennsylvania.)
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Table 106-1. Attributes and Liabilities of Fasciocutaneous versus Muscle Flaps

FASCIOCUTANEOUS FLAPS MUSCLE FLAPS

Accessibility + −

Anatomic anomalies − +

Availability + −

Composite flaps = =

Use in infected or irradiated wound ± +

Donor site morbidity − +

Dynamic transfer − +

Expendable + −

Malleability − +

Microsurgical tissue transfer = =

Reliability = =

Sensate + −

Size + ±

Thinness − +

+, Asset; −, detriment; =, no significant difference; ±, variable.

8

9
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1

2

3

4
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7

Figure 106-4. Donor sites of 10 commonly used fascia flaps. (Courtesy Carol Varma, Multimedia Communication Manager, The Lehigh 
Valley Hospital, Allentown, Pennsylvania.)
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Septocutaneous (direct) 
Musculocutaneous (indirect)

 6. Saphenous Descending geniculate Septocutaneous (direct)

 7. Peroneal Peroneal or perforating branch of muscular 
vessel

Musculocutaneous (indirect)

 8. Dorsal thoracic Circumflex scapular Septocutaneous (direct)

 9.  Posterior 
interosseous Posterior interosseous Septocutaneous (direct)

10. Gluteal thigh Inferior gluteal descending branch Septocutaneous (direct)
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PrinciPles of Muscle and 
Musculocutaneous flaPs

BASIC ANATOMY

 1. Why can a muscle be used as a flap?
Any organ that contains a discrete, intrinsic arteriovenous network can be used as a vascularized tissue transfer, and 
muscle is no exception. Of course, other factors must be considered, and, especially with muscles, sacrifice of any 
function must be acceptable.

 2. Where do the vascular pedicles enter a muscle?
The motor nerve(s) of a muscle is(are) always accompanied by an arteriovenous system or vascular pedicle, which 
typically is the major source of circulation to that muscle. Virtually every muscle has multiple other vascular pedicles 
that are not associated with the means of innervation. These are often found near the site of muscle origin or insertion 
and may represent an important source of collateral circulation. The latter are highly variable in their location or even 
presence, usually overlooked in most anatomy textbooks, and frequently insignificant from a surgical standpoint.

 3. Differentiate the terms “dominant,” “minor,” and “segmental” in reference to the 
vascular pedicle of a muscle.
The dominant pedicle to a muscle usually can independently sustain virtually the entire muscle. A minor pedicle, even if 
a reasonable caliber, will maintain only a lesser portion of a given muscle. Previously, the dominant pedicle of a muscle 
that has other minor pedicle(s) was termed the “major” pedicle, an important distinction as occasionally the portion of a 
muscle supplied by the minor pedicle becomes precarious when only the major pedicle is left intact. Many muscles have 
multiple, unrelated sources of blood supply that each nourishes only a small segment of that muscle, hence termed 
segmental pedicles.

 4. What is the importance of a “secondary segmental” vascular pedicle?
In addition to a dominant pedicle, some muscles have a supplemental source of vascularization via an array of 
segmental pedicles. Although each independently supplies only a distinct segment of the muscle, if retained as a group 
they often can sustain the entire muscle if the dominant pedicle were ligated. The point of rotation of the flap then can 
be altered to create a “reverse” muscle flap, but orthograde flow persists through this “secondary” source.

 5. Classify muscle flaps according to their source of vascular supply.
The classic schema of Mathes and Nahai has subdivided muscles into five basic groups arranged according to their 
principal means of blood supply (Fig. 107-1):

 • Type I: Single pedicle
 • Type II: Dominant pedicle(s), with minor pedicle(s)
 • Type III: Dual dominant pedicles
 • Type IV: Segmental pedicles
 • Type V: Dominant pedicle, with secondary segmental pedicles

 6. If based on vascular pedicle type only, which muscles would be the most and which 
the least versatile for use as a flap?
Large muscles that have a single, dominant pedicle that will entirely sustain it (type I) are the most useful. Although an 
immediately adjacent portion of muscle may survive if captured by its neighbor’s segmental vascular pedicle, usually 
the combination still will represent only a relatively small fraction of the whole muscle that could be expected to remain 
viable, especially if the majority of segmental pedicles had to be divided during elevation of the flap. Predictably, 
therefore, muscles with segmental pedicles (type IV) have the most limited role.
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 7. Classify muscle flaps according to their mode of innervation.
Taylor developed an alternative schema to stratify muscles according to the increasing complexity of their innervation 
and concomitant diminished suitability for use as a dynamic muscle transfer (Fig. 107-2):

 • Type I: Single, unbranched nerve that enters muscle
 • Type II: Single nerve, branches just prior to entering muscle
 • Type III: Multiple branches from the same nerve trunk
 • Type IV: Multiple branches from different nerve trunks

 8. Identify the most common vascular pattern for muscles.
Most muscles belong to the type II group. During their clinical dissection, even type I and type III muscles can be observed 
to often have so-called anomalous collateral branches (usually minor) that probably evolved as a safety factor to 
compensate for the potential loss of the dominant pedicle. By a strict definition, these types should also be type II muscles.

BASIC PHYSIOLOGY

 9. According to their vascular pattern, which muscle types would be the most or the 
least reliable as a flap?
Reliability refers to the predictable maintenance of viability of a flap. Viability is directly related to preservation of the 
circulation to the required dimensions of the chosen flap. Thus those muscles with a recognized dominant pedicle 
alone serving the majority of a flap would be the most reliable (i.e., types I, III, and V ). Sometimes the territory of 
a minor pedicle is poorly captured by the dominant pedicle in a type II muscle, so these may be somewhat less 
reliable. Due to their segmental perfusion, type IV muscles allow potential use of only small flaps that have limited 
applications.

 10. Define the standard arc of rotation of a muscle flap.
If used as a local flap, the range or extent of reach of the muscle when transposed about its point of rotation, which 
usually corresponds to the point of entry of its vascular pedicle, is the standard or usual arc of rotation.

Gastrocnemius Internal
oblique

Tibialis
anterior

Serratus
anterior

Trapezius

D

D

S

S

S

M

M

M

M

D1

D2

Type I Type VType IVType IIIType II

Figure 107-1. Classification 
of muscle flaps according 
to their vascular supply. 
D, Dominant; M, minor; S, 
secondary segmental. (Courtesy 
Carol Varma, Multimedia 
Communication Manager, The 
Lehigh Valley Hospital, Allentown, 
Pennsylvania.)

Latissimus dorsi Rectus
abdominis

SartoriusVastus lateralis

Type I Type IVType IIIType II

Figure 107-2. Classification 
of muscle flaps according 
to their mode of innervation. 
(Courtesy Carol Varma, Multimedia 
Communication Manager, The 
Lehigh Valley Hospital, Allentown, 
Pennsylvania.)
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 11. In contrast, what is the arc of rotation of a “reverse” muscle flap?
If muscle circulation is based on secondary pedicles instead of the dominant pedicle and because the former often are 
distal to the standard point of rotation, a so-called distal-based flap can be elevated to permit more distal coverage. The 
movement of the flap is in a reverse direction from the norm. This should not be confused with a “reverse flow” flap, such 
as a latissimus dorsi muscle perfused retrograde via the serratus branch of the thoracodorsal artery. In the latter case, the 
range would be slightly less than the standard arc of rotation, as the point of rotation will remain virtually unchanged.

 12. Explain the concept of function preservation when using a muscle flap.
If some portion of that muscle chosen as the flap is left intact at its insertion and origin with retention of innervation, 
some function will be preserved after the rest of the muscle has been transferred. This can be achieved by splitting 
the muscle into distinct segments, each otherwise served by a different dominant pedicle (e.g., hemi-soleus flap) or by 
individual secondary segmental pedicles (e.g., reverse latissimus dorsi muscle flap). As an alternative, the muscle can 
be divided at the bifurcation of a major branch of the dominant pedicle with an intramuscular dissection to maintain a 
distinctly separate circulation to all different parts of the muscle as desired.

 13. How are the arterial territories linked within a muscle that has multiple vascular 
pedicles?
Connections between regions within a given muscle otherwise supplied by a distinct vascular pedicle are via small 
caliber so-called “choke” vessels that provide bidirectional flow. The best known example of the importance of this 
concept is the pedicled lower transverse rectus abdominis myocutaneous (TRAM) flap where the superior epigastric 
pedicle captures the territory of the deep inferior epigastric system via choke anastomoses at the watershed level just 
above the umbilicus.

 14. What is the relationship of veins to the corresponding arteries found in muscles?
Fortunately, venous territories assume a “mirror image” paralleling the arterial pattern in muscles. The venous outflow 
typically is directed toward the major arterial pedicle in the given arterial territory.

 15. How are venous territories linked together within a given muscle?
In a manner similar to arterial territories in a given muscle that are linked by bidirectional “choke” arteries, venous 
flow from one territory to another occurs through “oscillating” veins that are devoid of valves. For example, a superior-
pedicled lower TRAM flap, which normally would have venous outflow directed toward the dominant pedicle in the groin, 
instead has outflow that proceeds in a reverse direction cephalad across the “oscillating” veins to enter into the superior 
epigastric system.

MUSCULOCUTANEOUS FLAP 
PHYSIOLOGY

 16. How do myocutaneous flaps differ from musculocutaneous flaps?
These terms are used interchangeably. Both are composite flaps where the overlying skin, fat, and fascia are intimately 
connected to the muscle.

 17. Describe how the skin paddle of a musculocutaneous flap normally obtains its blood 
supply.
The source vessel to a muscle occasionally gives off direct branches to the skin before it enters the muscle. More 
commonly, however, within the muscle branches spin off that perforate the deep fascia with the primary intent to 
anastomose within the subdermal plexus and in turn nourish the skin. In addition to these perforating muscular branches, 
ultimately the source vessel terminates as smaller musculocutaneous branches that provide a lesser contribution.

 18. Why is the muscle considered only a passive carrier of the skin in a composite 
musculocutaneous flap?
The muscle itself can be completely isolated from the source pedicle and its musculocutaneous branches without 
jeopardizing skin perfusion. The intramuscular dissection necessary to separate the cutaneous circulation from 
the muscle is the basic premise of the approach to “muscle” perforator flaps. Retention of the muscle is no longer 
mandatory to ensure survival of the cutaneous component, so its inclusion serves only a totally passive role primarily to 
avoid the need for any tedious intramuscular dissection of the vascular tree, which thereby simplifies flap harvest.

19. Can any skin configuration overlying a muscle be expected to survive as a 
musculocutaneous flap?
If a proposed cutaneous flap solely nourished by musculocutaneous perforators is expected to survive, it is imperative 
that they be included during flap elevation. Unfortunately, musculocutaneous perforators are randomly distributed, may 
be sparse in number, and often are widely dispersed throughout a muscle. Even if known perforators are included in a 
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given flap design, if the flap is based distally or far from the dominant pedicle (especially if opposite a series of “choke” 
arteries or oscillating veins), even if arterial supply is adequate, venous outflow could be obstructed by valves leading to 
necrosis secondary to venous congestion.

 20. Are there nonoperative modalities to assist the preoperative identification of 
musculocutaneous perforators to ensure their inclusion?
The best noninvasive method other than CI angiography is color duplex ultrasound. It has a high sensitivity for identifying 
musculocutaneous perforators, which allows creation of a map of their location unique to each patient. Unfortunately, 
it has a low specificity as only a small area can be visualized at a given time. A handheld audible Doppler is more 
accessible for bedside use for rapid perforator identification. Sometimes its sensitivity is too high, as background noise 
may reflect underlying source vessels or diminutive perforators that may later prove to be inadequate.

 21. List several methods to maximize viability of the skin paddle of a  
musculocutaneous flap.
 • Precisely identify the location of musculocutaneous perforators preoperatively.
 • Maximize inclusion of as many musculocutaneous perforators as possible:

 • Design the skin paddle over the vascular hilum where the source vessel usually enters the muscle, as its 
cutaneous branches usually emanate in clusters nearby.

 • The skin portion should be as broad as possible; avoid narrow and/or small skin islands.
 • Bevel the subcutaneous tissues away from the skin edges over as wide an area overlying the muscle as possible.

 • Avoid distal skin paddles.
 • Most major musculocutaneous perforators have their origin proximally near the point of entry of the source vessel 
into the muscle.

 • If distal to the intersection of several territories within a given muscle, valves can potentially obstruct outflow 
causing venous congestion and the demise of the flap.

 • Consider a “delay” maneuver.

 22. It has been postulated that the “delay” of a musculocutaneous flap is best achieved 
by the alteration of its venous physiology by what mechanism?
The intent of “delay” of any flap is to increase its likelihood of survival. Whether achieved by surgical or medical 
maneuvers, one theory is that afterward the venous valves in the affected territory become regurgitant. For example, 
division of the deep inferior epigastric vessels 2 weeks prior to elevation of a superior-pedicled lower TRAM flap may 
ensure greater skin paddle survival. Venograms have shown that the direction of venous outflow is redirected away from 
the groin unencumbered because the venous valves have become incompetent.

 23. Does neovascularization occur more rapidly in a muscle or musculocutaneous flap to 
allow pedicle independence?
Neovascularization or the process of ingrowth of a new vasculature from the recipient site is highly variable and 
dependent on the quality of the recipient bed and tissues at its perimeter. If either is marginal, neovascularization cannot 
be guaranteed and the flap may permanently remain pedicle dependent. Because neovascularization at the skin level 
occurs more rapidly due to the ubiquity of small vessels in the dermal and subdermal plexuses, a musculocutaneous 
flap would become pedicle independent more quickly, all else being equal.

APPLIED ANATOMY

24. What are the advantages of muscle flaps when compared with cutaneous flaps?
 • Less bulky, greater malleability, more readily conformed to multidimensional wounds
 • Immunologic superiority for wounds compromised by infection or irradiation, perhaps due to superior blood flow 
rates

 • Well-defined vascular anatomy with fewer anomalies, which simplifies intraoperative harvest and decision making
 • Allow a dynamic, functioning tissue transfer (Table 107-1)

25. Although never a concern with cutaneous flaps, what is the greatest liability if using 
a muscle flap?
Even if function preservation techniques are used, the selection of a muscle flap always sacrifices function to some 
degree. The chosen muscle preferably should be expendable; if not, it perhaps would not be the best flap option.

26. Why are muscle flaps infrequently used for coverage in the upper extremity?
The greatest liability of muscle flaps is the risk of sacrifice of function, and this is a major concern in the upper extremity 
where there is little redundancy of agonists and antagonists. Especially for the injured hand, preservation of any residual 
function assumes paramount importance, so use of local muscles as flaps is often contraindicated.
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27. Name the two “workhorse” muscle flaps of the leg and state their corresponding 
range.
The medial and lateral heads of the gastrocnemius muscles can individually cover the knee and upper third of the 
leg. The soleus muscle is the muscle flap of choice for the middle third and sometimes even for the upper part of the 
distal third. More distal leg and foot defects are amenable to microsurgical tissue transfers or distal-based cutaneous 
flaps.

28. Which of the two heads of the gastrocnemius muscle has the longer reach?
Look at any bare calf, with the foot in plantar flexion! The medial head is several centimeters longer, terminating 
in a more distal insertion into the triceps surae. In addition, the lateral head during transfer must first pass around 
the head of the fibula, with care taken to protect the common peroneal nerve, prior to reaching a proximal leg 
defect.

29. What two important structures help to demarcate the two heads of the 
gastrocnemius muscles?
Just proximal to their insertion at the triceps surae, the two heads of the gastrocnemius muscle usually decussate 
together and require sharp dissection for their separation. A branch of the lesser saphenous vein and the median 
sural cutaneous nerve typically pass in the midline between these two muscle heads and are important landmarks to 
distinguish this point of separation while ensuring their preservation.

30. The internal oblique muscle has what in common with the pectoralis major and 
latissimus dorsi muscles?
All are type V muscles on the basis of their blood supply. The dominant pedicle to the internal oblique muscle is the 
ascending branch of the deep circumflex iliac artery, with secondary segmental pedicles arising from the thoracic and 
lumbar arteries.

31. Describe two ways the pectoralis major muscle can be transposed to cover  
sternal defects.
The standard arc of rotation of the pectoralis major muscle is about its dominant thoracoacromial pedicle, which enters 
its undersurface just medial to the pectoralis minor muscle. The costal, sternal, and sometimes clavicular origins must 
then be taken down to allow medial transposition over the sternum. Similar coverage is possible with a reverse muscle 
flap based on its secondary segmental pedicles, which are branches of the internal mammary artery. This requires that 
the segment of muscle be divided from its insertion, but the origin may be left intact.

32. From the schematic (see Fig. 107-3), name the source vessel(s) and corresponding 
muscle type based on blood supply of these 10 commonly used muscle flaps.
See Table 107-2.

Table 107-1. Attributes and Liabilities of Muscle versus Cutaneous Flaps

CUTANEOUS FLAPS MUSCLE FLAPS

Accessibility + −

Anatomic anomalies − +

Availability + −

Composite flaps = =

Use in infected or irradiated wound ± +

Donor site morbidity − +

Dynamic transfer − +

Expendable + −

Malleability − +

Microsurgical tissue transfer = =

Reliability = =

Sensate + −

Size + ±

Thinness − +

+, Asset; −, detriment; =, no significant difference; ±, variable.
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Figure 107-3. Donor sites of 10 commonly used muscle flaps. (Courtesy Carol Varma, Multimedia Communication Manager, The Lehigh 
Valley Hospital, Allentown, Pennsylvania.)
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PrinciPles of Perforator flaPs

BASIC ANATOMY

 1. Define “perforator.”
The word “perforator” is derived from the Latin per (through) and forare (to pierce or bore). Any blood vessel that passes 
through a defined fenestration in the deep fascia should be considered a “perforator” of the deep fascia, regardless of 
the origin of that perforator.

 2. How do direct and indirect “perforators” differ?
All perforators arising from the underlying source vessel to a given angiosome contribute to the latter’s “fascial plexus” 
either directly or indirectly. Using the terms for specific types of deep fascia perforators introduced by Nakajima  
et al., direct perforators (e.g., axial, septocutaneous, direct cutaneous branch of a muscular vessel) course from the 
source vessel to the skin without first supplying any other deep structure. Indirect perforators (e.g., musculocutaneous 
perforators) first will have passed via some intermediary structure (e.g., muscle) before ultimately reaching the 
subdermal plexus (Fig. 108-1).

 3. Where is the “fascial plexus”?
The “fascial plexus” is not a discrete structure per se but represents the confluence of multiple, adjacent vascular 
networks and their branches that have typically emanated from any of the deep fascia “perforators,” whether direct 
or indirect perforators. Intercommunications between these networks exist at the subfascial, fascial, suprafascial, 
subcutaneous, and subdermal levels.

 4. What is a “mother” vessel?
The “mother” vessel refers to the source vessel to a given angiosome, from which the perforator takes its origin.

 5. What is a “perforator flap”?
Tissue receiving its vascular supply via any “perforator” of the deep fascia is considered a “perforator flap.” Because 
this could be by “direct” or “indirect” perforators, the corresponding flaps then would be either direct or indirect 
“perforator flaps.” (Further emphasis on direct perforator flaps can be found in Chapter 106.)

Direct perforators

Indirect perforators

S

Figure 108-1. Direct and indirect 
perforators of the deep fascia arising 
from the underlying source vessel (S). 
(Modified with permission from Hallock 
GG: Direct and indirect perforator flaps: 
The history and the controversy. Plast 
Reconstr Surg 111:855–866, 2003.)
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 6. What is a “true” perforator flap?
According to Wei et al., only muscle perforator flaps are “true” perforator flaps. Only a “true” muscle perforator flap 
requires an intramuscular dissection of the perforator. This is considered an important point to distinguish the technical 
differences (and difficulties) encountered in the raising of such flaps in comparison to other forms of fasciocutaneous 
flaps. The muscle is also always excluded so that function is preserved (Table 108-1).

 7. Could muscle perforator flaps be considered a form of fasciocutaneous flap?
Unequivocally yes! A muscle perforator flap relies on large perforating musculocutaneous branches from the source 
pedicle to a muscle. These are identical to the “perforating cutaneous branches of a muscular vessel,” which, according 
to Nakajima et al., represent one type of deep fascia perforator and is the basis of one of their corresponding types of 
fasciocutaneous flaps. However, this remains an extremely controversial point.

 8. Name different types of indirect perforator flaps.
Remember that indirect perforators first have passed along or through some intermediary structure before reaching 
the subdermal plexus. Musculocutaneous perforators obviously pass through muscle on their way to the deep fascia, 
so muscle perforator flaps are indirect perforator flaps and at the present time represent the most common clinical 
application of this genre.

The cutaneous sensitive nerves often pierce the deep fascia along with their accompanying circulation that has 
secondary cutaneous branches. Thus neurocutaneous flaps are another form of indirect perforator flap. A good example 
is the distal-based sural neuroadipofascial flap that today is commonly used for lower leg defects in lieu of free-tissue 
transfers. The medial cutaneous branch of the sural nerve is an intrinsic part of this flap. It pierces the deep fascia at 
the level of the triceps surae, often accompanied by the median sural artery. Sometimes the nerve can be excluded from 
this flap, but the lesser saphenous vein must then be retained. It too pierces the deep fascia more proximally with its 
own accompanying vascular system, so venous flaps may represent yet another form of indirect perforator flap. Niranjan 
has also shown the existence of periosteal and peritendinous indirect perforator flaps.

 9. Must all perforator flaps be cutaneous flaps?
As long as the requisite perforator and its corresponding fascial plexus are maintained within the flap, the cutaneous 
component can be eliminated. As an adiposal or adipofascial flap, this will simplify direct donor site closure, sometimes 
important to eliminate the need for a skin graft.

 10. Does the deep fascia have to be included with a perforator flap?
On the contrary, the deep fascia is not essential and typically is excluded from a perforator flap, an especially valuable 
maneuver for tension-free closure obviating the need for reinforcement of a deep inferior epigastric artery perforator 
(DIEAP) flap donor site. However, it can be included as a composite flap if vascularized fascia is needed at the recipient 
site. In addition, sometimes inclusion of the deep fascia simplifies the initial identification of the perforators at a 
subfascial plane.

Table 108-1. Attributes and Liabilities of Perforator versus Muscle Flaps

PERFORATOR FLAPS MUSCLE FLAPS

Accessibility + −

Anatomic anomalies − +

Availability + −

Composite flaps ± +

Use in infected or irradiated wound ± +

Donor site morbidity − +

Dynamic transfer − +

Expendable + −

Malleability − +

Microsurgical tissue transfer = =

Reliability = =

Sensate + −

Size + ±

Thinness ± +

+, Asset; −, detriment; =, no significant difference; ±, variable.
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 11. In what body regions do musculocutaneous perforators practical for  
muscle perforator flaps predominate compared with direct perforators of the  
deep fascia?
Because most direct perforators of the deep fascia arise along intercompartmental or intermuscular septa, they 
are more prevalent wherever long, slender muscles are found, as in the extremities. In contrast, musculocutaneous 
perforators are more numerous over the broad, flatter muscles associated with the trunk, where muscular septa are few 
and far apart. However, many important musculocutaneous perforators can also be found piercing other larger muscles, 
especially of the lower extremity.

 12. Describe the course of the perforator veins.
Perforator veins usually accompany the perforator arteries at the site of penetration through the deep fascia. However, 
within the subcutaneous tissues they often diverge from the arteries and have an unpredictable course. Sometimes 
outflow from the perforator veins proceeds to nearby superficial veins rather than to the deep venous system.

13. List some methods that allow preoperative identification of perforators.
Color duplex ultrasound is highly sensitive not only for identifying the site of a perforator but also for providing 
qualitative information such as caliber and flow characteristics. Unfortunately, it is time consuming. Multidetector-row 
helical computed tomograph has been used in Europe as a more rapid method. The most pragmatic method universally 
available, although not as precise, is use of the ubiquitous handheld audible Doppler to survey the given territory. This 
method also allows intraoperative localization, which may be necessary.

14. While thinning perforator flaps, Kimura found what three different branching 
patterns of musculocutaneous perforators through the subcutaneous tissues in their 
course to the subdermal plexus?
Type 1 perforators pass almost directly from the deep fascia to the subdermal plexus without branching. Type 2 
perforators branch in the adipose tissue just before reaching the subdermal plexus, with the branches then running 
parallel to the flap surface. In type 3 perforators, branches follow the deep fascia for an indeterminate distance before 
eventually proceeding into the subcutaneous tissues (Fig. 108-2).

15. Do different donor sites have predictable suprafascial branching patterns of 
perforators?
An axiom in perforator flaps is that anatomic anomalies are the norm, and nothing is routine. Nevertheless, Kimura 
found that the lateral circumflex femoral artery-tensor fascia lata (LCFA-tfl ) and DIEA perforator flaps consistently 
displayed a type II pattern (see Fig. 108-2), branching just before reaching the superficial adipose layer. The   
LCFA-vastus lateralis (LCFA-vl, as known as the anterolateral thigh) perforator flap often had early branching or  
a type 3 pattern.

BASIC PHYSIOLOGY

 16. When exploring the potential vessels for a perforator flap, what is the smallest size 
that should be chosen?
A good rule of thumb is to choose an artery that has an external diameter ≥0.5 mm or if pulsations are readily visible. 
This is not to say that smaller perforators cannot be chosen, but the dissection then becomes increasingly more 
difficult.

Type 1

Type 2 Type 3
Figure 108-2. Three types 
of branching patterns in 
the suprafascial course of 
musculocutaneous perforators. 
(Courtesy Carol Varma, Multimedia 
Communication Manager, The 
Lehigh Valley Hospital, Allentown, 
Pennsylvania.)
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 17. Although a single perforator could sustain an entire flap, state some good  
reasons to include more.
Twisting of a single perforator >360 ° could go unrecognized and be disastrous because flow would be totally 
obstructed. This occurrence is grossly more obvious if at least two perforators are included. Inadvertent injury (it 
happens!) to a single perforator would likewise be disastrous. More perforators, especially if spread far apart, should 
logically also sustain a longer flap more safely.

 18. How can the potential territory of a perforator flap be estimated?
Safe limits for the design of perforator flaps have been determined only by clinical trial and error. Deep fascia perforators 
are frequently anomalous in caliber and location not only among individuals but also in opposite sides of the same 
individual, so an exact preoperative prediction of safe flap boundaries remains impossible. Ongoing injection studies of 
discrete perforators can only provide estimates, as again the anatomy of each individual is different and the dynamic 
territory for each perforator cannot be known beforehand.

 19. What is the point of rotation of a perforator flap?
Especially applicable when used as a local flap, this corresponds to the site where the flap is tethered by its vascular 
pedicle.

 20. Describe the arc of rotation of a local perforator flap.
The distance from the point of rotation to the most distant safe length of the given flap will determine the range of 
coverage or arc of rotation through which a local perforator flap can be transposed.

 21. How can the arc of rotation of a local perforator flap be increased?
Further dissection of the requisite perforator back to its origin from its “mother” vessel or even more dissection of the 
source vessel itself is the only way after the flap has been elevated. The flap initially can be designed eccentrically or 
more distally in relation to the required perforator, rather than centered about it, to increase reach. Either maneuver can 
be used to increase the pedicle length if used as a free flap.

 22. How can venous congestion in a perforator flap be aborted?
Because the course of the perforator veins often is anomalous, whenever possible a subcutaneous vein should 
be preserved while harvesting a perforator flap. This is especially true if large superficial veins are encountered 
during flap elevation, as a reciprocal relationship often exists with the deep system. The superficial vein then 
can be used to “supercharge” the venous outflow. In addition, other large perforator veins should be identified 
as divided and set aside to allow the same possibility of “supercharging” them later, particularly if the superficial 
veins are inadequate.

 23. Is the immediate thinning of a perforator flap hazardous?
The arbitrary removal of fat from the bottom surface of a perforator flap, even while intentionally leaving fat around the 
perforator itself, could potentially interfere with maximum viability. The exact course of perforators in the subcutaneous 
tissues can be variable. Also, venous outflow could depend on maintaining an intact superficial system that could 
thereby be disrupted.

MUSCLE PERFORATOR FLAPS

24. Describe the nomenclature for muscle perforator flaps.
Systems for nomenclature have been based on the name of the source vessel to the flap, its anatomic region of origin, 
and/or the muscle traversed. A universal system has yet to be adopted.

 • Gent Consensus: Listed by source vessel name or anatomic region if “mother” vessel supplies multiple muscles
 • Korean System: Muscle traversed [add (MCp) for musculocutaneous perforator to distinguish from direct or 
septocutaneous perforators]

 • Canadian Schema: Source artery + suffix AP (for “artery perforator”) [add initials of muscle if more than one 
supplied by that artery or (-s) if perforator found to be septocutaneous].

 • American Proposal: Source arteryMUSCLE TRAVERSED [named by source artery only if perforator found to be 
septocutaneous]

 25. Based on the aforementioned four nomenclature systems for muscle perforator 
flaps, label a flap from the anterolateral thigh if based on a lateral circumflex 
femoral (LCF) perforator of the vastus lateralis muscle.
 • Gent Consensus: Anterolateral thigh perforator flap (lateral circumflex femoral source pedicle supplies multiple other 
muscles, e.g., rectus femoris, tensor fascia lata)

 • Korean System: Vastus lateralis perforator flap (MCp)
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 • Canadian Schema: LCFAP-vl flap.
 • American Proposal: LCFVASTUS LATERALIS

 26. Based on the aforementioned four nomenclature systems for muscle perforator 
flaps, label a flap if based on a superior epigastric (SE) perforator of the rectus 
abdominis muscle.
 • Gent Consensus: SEP flap
 • Korean System: Rectus abdominis perforator flap (MCp)
 • Canadian Schema: SEAP flap
 • American Proposal: SERECTUS ABDOMINIS

 27. Does a muscle perforator flap capture the same territory as its corresponding 
musculocutaneous flap?
It would seem intuitively obvious that if only a single or a few musculocutaneous perforators were kept with a 
perforator flap, flow would be less than to the same cutaneous territory where all perforators had been kept with a 
musculocutaneous flap. Indeed, using laser Doppler flowmetry in a rat perforator flap model, flow was shown to be less. 
Interestingly, total surface area viability nevertheless proved not to be different!

28. List the source vessels for the muscle perforator flaps identified here by the 
corresponding muscle (Fig. 108-3):

9. Trapezius
1. Pectoralis major
2. Pectoralis major

3. Rectus abdominis
4. nth intercostal

6. Rectus abdominis

5. External oblique

7. Tensor fascia lata

8. Vastus lateralis

10. Latissimus dorsi

11. Latissimus dorsi

12. Latissimus dorsi

13. Gluteus maximus

14. Gluteus maximus

15. Adductor magnus
16. Gracilis

17. Gastrocnemius

18. Soleus

Figure 108-3. Territories of muscle perforator flaps. (Courtesy Carol Varma, Multimedia Communication Manager, The Lehigh Valley 
Hospital, Allentown, Pennsylvania.)

 • Internal mammary
 • Thoracoacromial
 • Superior epigastric
 • nth intercostal
 • Deep circumflex iliac
 • Deep inferior epigastric
 • Lateral circumflex femoral–ascending branch
 • Lateral circumflex femoral–descending branch
 • Transverse cervical or dorsal scapular

 • Thoracodorsal
 • nth intercostal
 • Lumbar
 • Superior gluteal
 • Inferior gluteal
 • Adductor branch of profundus femoris
 • Medial circumflex femoral
 • Sural
 • Peroneal



709TISSUE TRANSPLANTATION

NONMUSCLE PERFORATOR FLAPS

 29. Explain the basis of circulation to a neurocutaneous flap.
The cutaneous sensitive nerves have both an intrinsic and an extrinsic neurocutaneous blood supply. The intrinsic 
supply, well known as the vaso nervorum, is maintained throughout the course of the nerve. It has multiple 
interconnections with the extrinsic system that arise either directly from a regional source vessel or secondarily from 
the surrounding fascial plexus. The latter forms “choke” and sometimes true anastomosis between networks of adjacent 
deep fascia perforators. Both not only supply the given cutaneous nerve, which is its primary intent, but also periodically 
are the origin of branches to the skin.

 30. What is the axis of a neurocutaneous flap?
Because the paraneural vascular plexus follows the course of the nerve via either “choke” or true anastomoses, the 
predominant direction of blood flow or axis of a neurocutaneous flap will follow the path of the nerve itself.

 31. Why were Pontén’s so-called “superflaps” so robust?
Pontén’s proximal-based and sensate fasciocutaneous flaps raised from the lower extremity, which he 
called “superflaps,” probably included the local cutaneous sensitive nerves. In reality, these probably were 
neurocutaneous flaps. As we know, any cutaneous flap oriented along the course of the sensitive nerve by definition 
has an axis with the same orientation that ensures maximizing blood flow to that flap and in turn greater survival 
length.

 32. What landmarks can be used to ensure the appropriate orientation of a 
neurocutaneous flap in the extremities?
The major superficial venous channels in the extremities serve a dominant role as the means for outflow from the 
paraneural vascular plexus and thus tend to parallel the cutaneous sensory nerves. The sural flap (usually containing 
the lesser saphenous vein and medial sural cutaneous nerve) and cephalic flap (cephalic vein and lateral antebrachial 
cutaneous nerve) are two examples in which inclusion of the anatomically obvious vein will almost automatically allow 
incorporation of the nerve and usually its vascular plexus within the flap.

SUPERMICROSURGERY

 33. Define “supermicrosurgery.”
A term coined by Koshima, supermicrosurgery is any microsurgery on structures 0.5 to 0.8 mm in diameter.

 34. What is Koshima’s perforator-based flap?
Usually free-tissue transfers, in these flaps only the perforator is retained with the vascular pedicle. The “mother” vessel 
is not included. Because only the perforator is needed, dissection can stop at the fascial level. Microanastomoses are 
then made to the perforators alone, often truly requiring the skills of a “supermicrosurgeon.”

 35. Describe how to design a “free-style” local or free flap.
If a satisfactory, discrete perforator can be identified anywhere in the body, a flap can be designed about it. The 
constraints of using only described territories can be disregarded, allowing the choice of donor site to be determined 
by selection of the best possible available tissues as needed to match color, contour, texture, etc., at the recipient 
site.

 36. How does “microdissection” more safely allow reduction of the thickness of a 
perforator flap?
In this technique developed by Kimura, an operating microscope is used, essentially for careful separation of the 
superficial and deep adipose tissue layers from each other. The deep adipose tissue is teased away from the perforator 
starting at the level of the deep fascia. This dissection continues up to the superficial adipose layer, creating a void about 
the intact perforator and its branches. Flap elevation is then completed at the superficial adipose level proceeding away 
from the requisite perforator (Fig. 108-4).

37. What is a “subdermal vascular network” flap?
This is an ultrathin cutaneous flap with both the superficial and deep adipose layers removed, except carefully where 
retained about nutritive perforators. Both direct and indirect perforators have been used to supply this flap, often with 
disparate pedicles used for supercharging as necessary.
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Figure 108-4. Technique of microdissection. Top, Initial course of perforator. D, Deep adipose layer; F, deep fascia; M, muscle; S, superficial 
adipose layer. Center, Removal of deep adipose tissue begins around the perforator starting at the level of the deep fascia to create a hole 
extending to the superficial adipose layer. Bottom, Completion of elevation of the cutaneous flap peripheral to the perforator, staying just beneath 
the superficial adipose layer. (Courtesy Carol Varma, Multimedia Communication Manager, The Lehigh Valley Hospital, Allentown, Pennsylvania.)
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 1. What is a microvascular free tissue transfer?
A microvascular free tissue transfer (also known as a microvascular transplant or free flap) involves transplanting 
expendable donor tissue from one part of the body to another. The tissue must be able to survive on a single pedicled 
blood supply with an artery and draining vein. With microsurgical techniques the transplanted part is reanastomosed to 
recipient site vessels to reestablish blood flow. It is essentially an autotransplant.

 2. What are the indications for a microvascular free tissue transfer?
Microsurgical transplants have multiple indications, often to reconstruct complex wounds where complex tissue loss 
has occurred. Common indications include reconstruction after tumor ablation, reconstruction of congenital defects, 
reconstruction of chronic wounds, and reconstruction after trauma.

 3. What are the success rates of microsurgically transplanted tissues?
Tissue survival rates in microvascular free flaps were approximately 80% in the 1970s and now have improved to over 
95%. Survival rates of 98% to 100% for some transplants is common.

 4. Which donor tissue should be chosen?
The choice of donor site in microsurgery requires multiple considerations and planning. Size of the donor tissue, type 
of wound, pedicle length, location of wound, and donor deformity all play a role in selecting the appropriate flap. The 
size of the donor tissue must adequately cover a wound. Different types of wounds require different donor tissues. 
Wounds on the hand may require pliable tissues, with tendon or even bone needed to complete the reconstruction. 
For instance, loss of the thumb is best reconstructed by a toe, whereas wounds that are irregular with significant dead 
space may best be closed with a muscle and skin graft. The donor tissue must have a pedicle length that can reach 
appropriate vessels in the recipient area. Long vascular pedicles may be required if appropriate recipient vessels are 
not near the wound. The donor deformity also needs to be considered to minimize scarring and potential loss  
of function.

 5. Who should perform microsurgery?
Microsurgical procedures should be performed under the direction of a skilled microsurgeon. Meticulous technique and 
experience play the greatest role in success. Fine handling and dissecting of small blood vessels should be learned in 
the laboratory while clinical operative responsibility is gradually increased.

 6. What role do anticoagulants play in microsurgery?
The role of routine postoperative anticoagulation in microsurgery has not been determined precisely. In elective 
microvascular transplants there are no definite indications for anticoagulation. Surgeon preference plays a role in the 
choices made. Anticoagulation is believed by some to reduce the chance of postoperative thrombotic complications 
at the anastomosis site. However, anticoagulation can increase the chance of hematoma at both the donor and 
the recipient site, and, in rare circumstances, anaphylaxis complicating the use of dextran has been reported. If 
postoperative clotting becomes evident requiring reexploration, anticoagulation usually is indicated if the flap is 
salvaged. The most common pharmacologic agents used in routine postoperative care are aspirin and dextran. 
Intravenous heparin is generally used when difficulty such as postoperative thrombosis is encountered.  
A survey of 73 centers in 22 countries revealed equal success rates for transplants performed with and those  
without anticoagulation.

 7. What is the no-reflow phenomenon?
Failure to reperfuse an ischemic organ after reestablishing blood supply is known as the no-reflow phenomenon. The 
mechanism is believed to be related to endothelial injury, platelet aggregation, and leakage of intravascular fluid. The severity 
of this effect is correlated with ischemia time.
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 8. What methods can be used to minimize ischemia?
Generally, muscle does not tolerate warm ischemia well for more than 2 hours. Skin and fasciocutaneous flaps can 
tolerate longer ischemia times, from 4 to 6 hours. Meticulous planning is the most important factor to minimize the 
effects of ischemia because planning decreases ischemia time. All structures in the recipient site should be ready for 
the flap when the pedicle is divided so that no time is wasted after blood flow to the donor tissue has stopped.

Cooling increases the tolerance of tissue to ischemia. Some surgeons cool the transplant on the operative field with cold 
wraps and ice. Pharmacologic manipulation of donor tissue has been investigated in the laboratory to prevent formation 
of free radicals and tissue destruction on reperfusion. Ischemia preconditioning with cyclical clamping and reperfusion 
of tissues has shown laboratory success. These methods are not yet routinely used clinically.

 9. Which is more successful, end-to-end or end-to-side arterial anastomosis?
Both end-to-end and end-to-side anastomoses in appropriately selected cases have similar patency rates in most 
studies. End-to-side anastomosis may be advantageous where there is significant vessel size discrepancy or where only 
one artery is available and required for downstream flow.

 10. From where do you obtain vein grafts?
You can use the saphenous vein by harvesting starting anterior to the medial malleolus and following it superiorly, or you 
can use the dorsum of the foot if you need small vessels. You also can use the volar forearm for small vessels. If your 
flap or harvest field has an extra vein, sometimes you can use that as well. Off-the-shelf grafts are not recommended 
given the abundance of autologous local sources. Vein grafts can be performed to the arterial or venous system. 
Remember that a vein graft needs to be reversed when used as inflow to the arterial system because of the valves in 
veins, whereas it is not reversed when used to graft a vein.

 11. What benefit do coupled anastomoses have?
The microvascular coupler is a ring device that allows repair of vessels without hand sewing. Coupled (stapled) 
anastomoses appear to have patency rates similar to those of hand-sewn anastomoses when used in the appropriate 
cases. Often, stapled anastomoses can be performed more quickly that those sewn by hand. Staples tend to be easier 
to use on veins rather than on arteries because of the thinner, more pliable walls in veins. This makes veins simpler 
to evert around the configuration of the coupler. Vessel size must be precisely matched, and vessel mobilization 
requirements can be greater to use the device.

 12. How can you tell if a flap is failing?
Clinical evaluation of free flaps postoperatively is crucial to prevent flap loss. Often it can be difficult to tell if a flap has a 
circulatory problem. Flap failure can be divided into arterial insufficiency and venous insufficiency. If there is an arterial 
circulatory problem the flap usually will look pale and lack capillary refill. Muscle flaps can be particularly difficult to 
judge; color change with loss of a beefy red appearance is most common. If venous clot is the cause of flap failure, the 
flap generally becomes congested and bluish in color. Capillary refill is brisk. Sometimes poking a flap with an 18-gauge 
needle (away from the pedicle site) can help you judge flap circulation. If there is no bleeding, the problem is inflow.  
If there is rapid exit of dark red blood, venous congestion likely is the problem.

 13. What factors lead to free flap failure?
Failure in microsurgery is most often due to technical factors and poor planning. Technical factors are multiple and too 
numerous to list, but a few examples illustrate their importance. If sutures are tied too loosely, media can be exposed 
and result in clot. If sutures are tied too tightly on small delicate vessels, they can tear all layers of a vascular repair and 
distort the intimal surface, resulting in clot. Too many sutures can lead to increased subendothelial exposure and clot 
formation.

Other factors leading to flap failure include anastomosis in the zone of injury (poor planning), excessive tension (poor 
planning), external compression on the pedicle, hematoma formation (which causes compression on the pedicle), and 
vessel spasm. Twisting in the arterial or venous pedicle will lead to clotting where the twist migrates to a fixed branch.

 14. How long before new endothelium covers the anastomosis site?
After a microvascular repair is performed, a pseudointima forms within the first 5 days of healing. By 1 to 2 weeks  
after repair, new endothelium covers the anastomosis. At the time of repair, platelet deposition occurs where intima 
has been lost or injured. Platelets begin to disappear over the course of 1 to 3 days and pseudointima appears. 
Platelet deposition does not lead to fibrin deposition and thrombosis unless intimal damage is more severe and media 
is exposed more extensively. Significant damage to vessel walls can result from imprecise and traumatic technique. 
Traumatic suturing with excessive needle puncture and forceful pull-through of needles without following their natural 
curvature can damage endothelium.
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 15. What are some methods to relieve spasm?
Topical lidocaine can be used to relieve spasm. The safe topical dose in microsurgery has not established. Topical 
papaverine dilates small vessels with a strong local effect. Adventitia can be mechanically stripped, resulting in dilation 
of blood vessels and relief of spasm. Hydrostatic dilation can be used, usually in vein grafts where heparinized saline 
can be squirted into the vessel under pressure to relieve spasm. Epidural, spinal, or stellate ganglion blocks can 
interrupt the sympathetic fibers near the spinal cord and inhibit sympathetically mediated spasm.

 16. What is the order of vessel repair in a free flap? Artery or vein first?
Usually intraoperative anatomic factors come into play. If repair of the artery first will result in poor exposure of the 
veins, then venous repair should be done first. The reverse is also true.

 17. Should both arterial and venous repairs be completed before clamps are removed 
and flow is reestablished?
Some surgeons prefer to perform both arterial and venous repairs before removing the clamps and reestablishing blood 
flow. Others prefer to repair the artery, release the arterial clamp, and then clamp the vein of the flap before repairing it. 
The advantage of the latter is that inflow is reestablished sooner and ischemia time is minimized. Filling of the vein after 
this maneuver also helps to judge the excision of redundant vein (a redundant tortuous vein can lead to thrombosis). Some 
argue that blood stagnates in the flap and leads to sluggish arterial flow and a higher chance of clot. Usually the flap bleeds 
through its open edges, however, and flow continues when the vein is clamped. The advantage of repairing both artery and 
vein before removing the clamp is that blood in the field is minimized and blood does not stagnate in the flap.

 18. Does smoking increase the risk of free flap failure?
Numerous studies have shown that wound healing is impaired in smokers. Flap failure does not appear to be increased 
significantly in smokers; however, wound healing complications at the recipient site appear to be more frequent.

 19. Name several options for skin/fasciocutaneous flap reconstruction.
There are more than 40 donor areas from which to choose free flaps, and multiple combinations of flaps are possible. 
You should consult an atlas of microvascular surgery for a more complete armamentarium. Following is a partial list of 
the more popular flaps:

 • Transverse rectus abdominis myocutaneous (TRAM) flap: Most common flap used for microvascular breast 
reconstruction; based on deep inferior epigastric vessels

 • Radial forearm: Based on radial artery
 • Scapular, parascapular: Based on circumflex scapular vessel
 • Dorsalis pedis: Based on first dorsal metatarsal artery and dorsalis pedis
 • Lateral arm: Posterior radial collateral artery
 • Groin flap: Less popular now but was one of the originals, based on superficial circumflex iliac artery
 • Superficial inferior epigastric artery (SIEA) flap
 • Bilateral inferior epigastric artery flap (BIEF): Based on bilateral superficial inferior epigastric arteries
 • Deltoid flap: Based on posterior circumflex humeral artery
 • Transverse upper gracilis (TUG) flap

 20. Name several free muscle flaps. Which muscles can be transplanted as functional 
muscles?
 • Rectus: Based on deep inferior epigastric vessels
 • Latissimus: Based on subscapular-thoracodorsal vessels
 • Serratus: Based on subscapular-thoracodorsal vessels
 • Gracilis: Branch to gracilis off medial femoral circumflex artery
 • Extensor brevis: Branch to extensor brevis off dorsalis pedis artery

The latissimus, serratus, and gracilis muscles are most commonly used as functional transplants, that is, the nerve 
is repaired and they are used as a motor. The rectus and extensor brevis could be used functionally as well, but this 
practice is less common.

 21. Name several perforator flaps.
 • Deep inferior epigastric artery perforator (DIEP) flap
 • Periumbilical perforator (PUP) flap
 • Anterolateral thigh flap: Can be a perforator or a septal flap
 • Thoracodorsal artery perforator (TAP) flap
 • Superior gluteal artery perforator (SGAP) flap
 • Medial plantar artery perforator flap
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 22. Name several osseous flaps.
 • Great toe: Based on first dorsal metatarsal artery
 • Second toe: Based on first dorsal metatarsal artery
 • Rib: Tough dissection, based on intercostal neurovascular pedicle
 • Fibula: Used most often in mandible reconstruction, based on peroneal vessels
 • Radial forearm: Based on radial vessels
 • Iliac crest: Based on deep circumflex iliac system
 • Scapula: Based on circumflex scapular vessels
 • Calvarium: Based on superficial temporal artery
 • Lateral arm: Based on posterior collateral radial artery
 • Second metatarsal: Based on first dorsal metatarsal

23. Are there any other types of free flaps?
 • Fascial Flaps

 • Temperoparietal fascia
 • Dorsal thoracic fascia
 • Radial forearm fascia
 • Virtually any skin flap can be turned into a fascial flap

 • Small Bowel Flaps
 • Jejunum and ileum can be transplanted for esophageal or intraoral reconstruction
 • Large bowel can be transplanted as a free flap
 • Omentum: First human free flap. Main disadvantage of omentum is requirement for laparotomy.
 • Free-Style Flaps: Based on perforators to fat and skin, these flaps can be small and harvested via the perforator to 
a larger source artery and vein. A PUP flap is a type of free-style flap that is also a perforator flap.

 24. What are chimeric flaps?
A chimeric flap is composed of more than one flap each on its own pedicle but with both on a common source 
pedicle. With a single pedicle supplying more than one flap, only one pair of microsurgical inflow and outflow 
recipient vessels is needed. For example, the serratus muscle and the latissimus muscle can be harvested together 
on the common subscapular pedicle to make a serratus-latissimus chimeric flap. Many chimeric flap combinations 
can be created.

Examples of chimeric flaps include the following:

 • Serratus-latissimus-scapular-scapula bone as a four component flap
 • Anterolateral thigh and rectus femoris muscle
 • Anterolateral thigh flap split into two skin and fat paddles on two different perforators both connected to the lateral 
femoral circumflex system

 • A myriad of combinations can be developed

 25. Which free flaps are used for facial reanimation?
Gracilis and serratus flaps are most commonly used for reconstruction in facial paralysis. They provide a good vascular 
pedicle with a suitable single nerve. There is also enough excursion to reconstruct a smile. Their main disadvantage is 
bulk. The latissimus can also be split into two separate muscle units.

CONTROVERSIES

 26. Do you need a microscope to perform a free tissue transfer?
Many surgeons believe the comfort and magnification achieved with a microscope make microsurgical repair with a 
microscope superior to that performed with loupe magnification. Some authors argue that loupe magnification is cost 
effective and portable and results in success rates comparable to those reported with use of the microscope. Loupe 
magnification up to 6× is available; microscope magnification ranges from 6× to 40×.

 27. Name two composite tissue allotransplants.
The human hand and parts of the face both have been transferred as free flaps from donors to nonidentical twin 
recipients. These microsurgical free flaps require immunosuppression and are very controversial because they 
require the recipient to take life-long immunosuppressants, which can be toxic and produce severe side effects, 
including induction of tumors and diabetes. The journal Plastic and Reconstructive Surgery used to have the title 
Transplantation appended onto it, but that was dropped 3 decades ago. Interestingly, plastic surgeons are returning 
to transplantation, and this will be a very exciting area for the field in the future. Right now it is likely the most 
controversial area.



716 PRINcIPLES Of MIcROvAScULAR fREE TISSUE TRANSfER

BiBliography

Buncke HJ (ed): Microsurgery: Transplantation-Replantation. An Atlas Text. Philadelphia, Lea & Febiger, 1991.
Buncke HJ, Lowenberg DW, Quatra F, Buncke GM, Buntic RF, Brooks D: Composite tissue allografting (CTA). Surg Technol Int 11:292–302, 

2003.
Khouri RK: Avoiding free flap failure. Clin Plast Surg 19:773–781, 1992.
Reus WF, Colen LB, Straker DJ: Tobacco smoking and complications in elective microsurgery. Plast Reconstr Surg 89:490–494, 1992.
Shenaq SM, Klebuc JA, Vargo D: Free tissue transfer with the aid of loupe magnification: Experience with 251 procedures. Plast Reconstr Surg 

95:261–269, 1995.
Zhang F, Pang Y, Buntic R, Jones M, Cai Z, Buncke HJ, Lineaweaver WC: Effect of sequence, timing of vascular anastomosis, and clamp 

removal on survival of microsurgical flaps. J Reconstr Microsurg 18:697–702, 2002.



717

Ch
ap

te
r

110
Mahesh H. Mankani, MD, FACS, and
Julian J. Pribaz, MD

Free Flap Donor SiteS

 1. What is a composite free flap?
A composite free flap, like a composite graft, is derived from two or more germ layers and contains at least two 
layers of tissue.

 2. What is the quadrangle space? Which structures traverse it?
The space is bounded by the teres minor muscle above, the teres major muscle below, the long head of the triceps 
muscle medially, and the humerus laterally. It is traversed by the posterior circumflex humeral vessels, which perfuse 
the deltoid free flap.

 3. What is the triangular space? Which structures traverse it?
The triangular space lies medial to the quadrangle space and is bounded laterally by the long head of the triceps 
muscle, the teres minor muscle above, and the teres major muscle below. It is traversed by the circumflex scapular 
vessels, which perfuse the scapular free flap.

 4. Describe the Mathes and Nahai classification of muscle circulation and list examples 
of muscles used for free transfers from each group.
 • Type I: One vascular pedicle
 • Type II: One dominant pedicle and minor pedicles
 • Type III: Two dominant pedicles
 • Type IV: Segmental vascular pedicles
 • Type V: One dominant and secondary vascular pedicles

Type I
 • Tensor fascia latae is perfused solely by the transverse branch of the lateral femoral circumflex artery.
 • The extensor digitorum brevis is perfused by a branch of the dorsalis pedis artery.

Type II
 • The gracilis muscle is perfused by a major pedicle that is a terminal branch of the medial femoral circumflex artery. 
One to two minor pedicles from the superficial femoral artery enter the muscle distally.

 • The soleus muscle is perfused by branches directly from the popliteal vessels. The distal 4 to 5 cm of muscle is 
perfused by segmental perforating vessels from the posterior tibial artery.

Type III
 • The rectus abdominis is perfused by two dominant pedicles, the superior arising from the superior epigastric artery 
and the inferior arising from the deep inferior epigastric artery.

 • The serratus anterior is perfused by the lateral thoracic artery superiorly and the thoracodorsal artery inferiorly.

Type IV
 • No type IV muscles are appropriate for free transfers.

Type V
 • The latissimus dorsi is perfused predominantly by the thoracodorsal artery. The muscle also receives a segmental 
blood supply medially by branches of the intercostal and lumbar arteries.

 • The pectoralis major receives its major blood supply from the thoracoacromial artery. It is also perfused by the 
lateral thoracic artery, the internal mammary artery, and the intercostal artery.

 • The pectoralis minor is predominantly perfused by the lateral thoracic artery. A direct branch of the axillary artery 
and the pectoral branch of the thoracoacromial artery provide secondary vascularization.
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 5. What are the advantages and disadvantages of including a skin paddle with a muscle 
flap?
Inclusion of the skin paddle in a muscle flap transfer, or transfer of a myocutaneous flap, has two major advantages. The 
skin island can serve as a method for monitoring the health of the flap, and the quality of the skin often is superior to 
that of a skin graft placed on the muscle. On the other hand, inclusion of the skin paddle may make the flap excessively 
bulky, an issue of concern in obese patients and in recipient sites of limited depth.

 6. Which muscles are suitable for facial reanimation because of their size and 
segmental innervation?
These muscles include the gracilis and the pectoralis minor. The gracilis is innervated by a single motor nerve with 
multiple fascicles to different portions of the muscle. The pectoralis minor muscle is innervated by both the medial and 
lateral pectoral nerves.

 7. Name a reliable donor muscle for coverage of large defects.
The latissimus dorsi muscle provides the largest available transfer, with a size of 25 × 35 cm2.

 8. Name four muscles that are appropriate for functional free transfers.
 • Latissimus dorsi
 • Pectoralis minor
 • Serratus anterior
 • Gracilis muscles

 9. What are the uses and advantages of the gracilis flap?
The gracilis muscle is thin, strap-shaped muscle with a consistent pedicle, straightforward harvest, and option for 
inclusion of a cutaneous component. Its loss is associated with minimal morbidity. The donor site can be closed primarily 
with a reasonable appearance. Inclusion of the anterior branch of the obturator nerve provides functionality. The flap can 
be used for facial reanimation.

 10. Which portions of the serratus anterior muscle can be safely harvested without risk 
of inducing winging of the scapula?
To avoid winging of the scapula, the middle and lower four to five digitations of the muscle should be used.

 11. What sensory deficit may result from injudicious harvest of the lateral gastrocnemius 
muscle?
The common peroneal nerve lies superficial to the lateral head of the gastrocnemius muscle. Traction on the 
nerve during dissection of the muscle impairs the deep and superficial peroneal nerves. Patients can experience a 
paresis of the dorsiflexor and eversion muscles of the foot and numbness along the dorsum of the foot and in the 
first web space.

 12. Describe one of the primary uses of the pectoralis minor flap.
Because of the muscle’s shape, small size, flatness, and dual nerve supply, the muscle is suited for facial reanimation. 
Additionally, removal of the muscle is not associated with disability or with a significant scar.

 13. List 10 sensate cutaneous flaps and their innervation.
More Commonly Used Flaps

 • Lateral arm flap, innervated by the posterior brachial cutaneous nerve
 • Radial forearm flap, innervated by the medial and lateral antebrachial cutaneous nerves
 • Dorsalis pedis flap, innervated by the deep branch of peroneal nerve in the first web space and by the superficial 
peroneal nerve over the remainder of the flap.

Less Commonly Used Flaps
 • Transverse cervical artery flap, innervated by the supraclavicular nerves
 • Deltoid flap, innervated by a cutaneous branch of the axillary nerve
 • Gluteal thigh flap, innervated by the posterior cutaneous nerve of the thigh
 • Medial thigh flap, innervated by the medial femoral cutaneous nerve
 • Lateral thigh flap, innervated by the lateral femoral cutaneous nerve
 • Saphenous flap, innervated by the medial femoral cutaneous and saphenous nerves
 • Posterior calf flap, innervated by the medial or posterior cutaneous nerves of the thigh and by the  
sural nerve
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 14. What are the advantages of the anterolateral thigh free flap?
The anterolateral thigh free flap is a septofasciocutaneous or musculocutaneous flap perfused by the descending branch 
of the lateral femoral circumflex artery. Advantages of the flap include its long vascular pedicle, its capacity to perform 
as a flow-through flap, the option for keeping the flap sensate, the flap’s ease of harvest, the option for simultaneous 
donor and recipient site dissections, and the flap’s minimal donor site morbidity.

 15. What are the advantages of using the medial forearm flap in reconstruction of the 
face or hand?
This is a thin, supple, hairless, and sensate septofasciocutaneous flap that is innervated by the medial cutaneous nerve 
of the forearm.

 16. Under what circumstances can donor site appearance be improved in use of the 
cutaneous lateral arm flap?
Although the size of the flap can reach 14 × 20 cm, harvest of a flap this large will require closure of the donor site with 
a skin graft. If the width of the flap is reduced to 6 cm, the donor site can be closed primarily.

 17. What are the limitations of one of the earliest free flaps, the groin flap?
The groin flap suffers from variations in its vasculature, a small-caliber pedicle, a short pedicle length, and a difficult 
harvest.

 18. What are the two most commonly used vascularized free bone flaps? What are  
their advantages and disadvantages?
The vascularized fibula flap and the vascularized iliac crest flap are the two most commonly used free  
bone flaps.

The free fibular flap has several distinct advantages, including a length approaching 26 cm, a thick cortex giving the 
bone profound structural strength, and minimal donor site morbidity. The flap suffers from a short pedicle and from the 
necessary sacrifice of the peroneal artery. This latter disadvantage is of particular importance in patients with lower 
extremity arterial insufficiency.

The free iliac crest flap has a long pedicle, a curvature appropriate for mandibular reconstruction, and the possibility for 
inclusion of overlying muscle and skin with minimal morbidity. However, the mass of transferable bone is limited, the 
patient is left with a profound contour deformity, and abdominal herniation is a documented morbid consequence of the 
harvest.

 19. With which pedicles can the iliac crest osteocutaneous flap be harvested?
The available pedicles include the superficial circumflex iliac artery (SCIA), the deep circumflex iliac artery (DCIA), and 
the dorsal branch of the fourth lumbar artery. The deep branch of the superior gluteal artery typically can provide an 
osseous flap but is not amenable to creation of an osteocutaneous flap.

 20. What morbidity is associated with harvest of the vascularized free iliac  
crest bone flap?
Abdominal herniation is a significant risk.

 21. What are the advantages of using the great toe for thumb reconstruction?
Patient grip strength is greater with use of the great toe than with use of the second toe. It involves transfer of two 
phalanges and a large nail, similar to the thumb. However, use of the great toe impairs the appearance of the foot much 
more than does use of the second toe.

 22. What is the most commonly used free fascial flap? What are its advantages and 
disadvantages?
The free temporoparietal fascial (TPF) flap is the most commonly used free fascial flap. The TPF flap, like 
other fascial flaps, offers thin, nonbulky, supple, and highly vascularized tissue. The flap has been draped over 
denuded cartilage and has been used to restore a gliding surface for tendon reconstruction in the hand. Particular 
advantages of the temporoparietal fascia flap include a size of up to 14 × 17 cm, an inconspicuous donor site 
scar, the option for simultaneous donor and recipient site dissections, and the capacity for inclusion of bone from 
the outer table of the calvarium. Unfortunately, dissection of the flap is tedious, and the harvest is associated with 
alopecia.
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 23. Is patient positioning important when considering an appropriate donor site?
Very important. Some flaps, such as the gracilis muscle, are considered extremely versatile because recipient site 
preparation and flap harvest can be completed simultaneously. Other flaps, such as the latissimus dorsi muscle, often 
require patient repositioning between dissection of an anterior recipient site and flap harvest, a factor that must be 
taken into consideration when selecting a donor site during reconstruction planning.

 24. What methods are used for closing donor site defects following flap harvest?
Donor sites can be closed directly or skin grafted. Skin grafting can use either split-thickness or full-thickness skin. 
Whereas a split-thickness skin graft can offer more rapid healing, a full-thickness skin graft offers greater stability and 
durability once healing has occurred.
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 Leeches

 1. What are leeches? Sneeches?
Leeches are worms of the Annelid phylum that feed on blood extracted from a host. Based on the practice of leeching 
in the middle ages, the word “leech” is derived from the English word “laece,” meaning physician. Leeches were used 
extensively in nineteenth-century European medicine for bloodletting, a practice believed to cure virtually any ailment. 
Consumption of leeches reached a peak in the 1830s, when tens of millions were used annually in France, England, 
Germany, and the United States.

Sneeches live on beaches and were created by Dr. Seuss. They have nothing to do with plastic surgery.

 2. How long have leeches been used in medicine?
The first known use of leeches dates to 3500 years ago in Egypt, where a tomb painting depicts the application of 
leeches by a barber-surgeon. Detailed documentation of leeching also dates to 3300 years ago in India. In the West, 
leeches were first used for medicinal bloodletting 2200 years ago by Nicander of Colophon, Greece.

 3. How long have leeches been used in plastic surgery?
The modern use of leeches in flap surgery began in 1960 with a report of 70% complete salvage and 30% partial 
salvage in 20 threatened flaps treated with leeches. They were used in hand surgery in 1981, with a report of 60% 
survival of 10 artery-only digital replantations treated with leeches. This was a marked improvement over the survival of 
artery-only replants treated by systemic anticoagulation alone.

Current survival estimates for threatened replanted digits treated with leeches are 60% to 70%; salvage estimates for 
threatened pedicle flaps treated with leeches also are 60% to 70%. Hirudo medicinalis, the leech endemic to Southeast 
Asia and Europe, is the most commonly used species.

 4. What are the indications for using leeches?
Venous congestion is a recognized complication of digital replantation that may lead to a sequence of edema, capillary 
and arterial slowing, venous and arterial thrombosis, flap ischemia, and, finally, necrosis. Leeches are not a panacea for 
poor flap design or technical problems with vascular anastomoses, but they are indicated as an adjunct for salvage.

Leeches have been used successfully to decongest replanted parts, including completely avulsed ears and digits and 
partially avulsed segments of the lip, penis, nose, and scalp. They also have been used on threatened digits in purpura 
fulminans, ear and periorbital hematomas, and traumatically degloved tissues, and in the salvage of nipple necrosis in 
breast reduction procedures.

 5. What are the signs of arterial occlusion versus venous occlusion?
Signs of venous congestion include cyanotic skin color, cool temperature, rapid capillary refill, increased tissue turgor, and 
rapid dark bleeding in response to a pinprick. Doppler imaging should be the first tool used postoperatively to document 
arterial circulation because leeches will not be helpful in cases of insufficient arterial inflow. Venous congested tissues 
may be salvaged if arterial blood flow is maintained until new venous ingrowth occurs. Venous competence usually is 
restored by postoperative day 4 or 5 for replanted digits and by postoperative day 6 to 10 for free flaps (Table 111-1).

In the absence of overt signs of threatened tissue loss, early detection of complications is aided with temperature 
monitoring, fluorescein dye injection, or laser Doppler flowmetry, although distinguishing between arterial or venous 
occlusion with any of these modalities is difficult.

 6. How do leeches work?
The leech front sucker conceals cartilaginous cutting plates that make a 2-mm incision. In 30 minutes a single hirudo 
leech can ingest up to 10 times its body weight or 5 to 15 cc of blood. However, the primary therapeutic benefit is 
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derived from an anticoagulant hirudin, which is injected from the leech salivary glands. The effect of the anticoagulant 
may last several hours after the leech detaches, permitting the wound to ooze up to 50 cc of blood.

Hirudin is a polypeptide that inhibits the thrombin-catalyzed conversion of fibrinogen to fibrin. Hirudin also blocks 
platelet aggregation in response to thrombin and may inhibit factor X. Because factor II (thrombin) is believed to be the 
final common pathway in all causes of thrombosis, hirudin is regarded as the most potent natural anticoagulant known. 
Hirudin has two advantages over heparin: (1) it does not require antithrombin III to inactivate thrombin, and (2) it is not 
bound by heparin-neutralizing platelet factor 4. Clinical trials are in progress to compare the efficacy of heparin and 
recombinant hirudin in preventing acute coronary closure after angioplasty, in the treatment of unstable angina, and in 
prophylaxis of deep vein thrombosis (DVT).

Other pharmacologic agents within leech saliva include (1) a local anesthetic; (2) hyaluronidase, a spreading factor; and 
(3) a histamine-like vasodilator that increases regional blood flow.

 7. What are the possible complications of using leeches? What precautions are 
necessary?
The main complications in using leeches are infection and blood loss. H. medicinalis relies on a symbiotic relationship 
with Aeromonas hydrophila within its gut. A. hydrophila is a gram-negative rod that causes infection at rates varying 
from 0% to 20% within 1 to 10 days after leech use. Some authors recommend an empiric aminoglycoside or 
 third-generation cephalosporin. Leeches are not natural carriers of viruses, but they can transmit hepatitis B to humans 
if infected. Universal precautions (handling leeches with gloves and a forceps) must be followed.

A potential result of prolonged leech therapy is a significant drop in hematocrit. Transfusions are often required because 
of systemic anticoagulation and continuous oozing from leech bites, which may contraindicate leech therapy for 
Jehovah’s Witnesses.

 8. How are leeches administered?
The skin is cleansed and isolated with an Op-Site dressing or saline-soaked sponge. The leech’s head (narrow 
end) is directed to the area needing treatment. A leech can be induced to feed by keeping it in a beaker held 
over the attachment site or by pricking the feeding site with a needle to produce a drop of blood. It is important 
to protect the area of the anastomosis with a gauze. Observe the leech frequently until it drops off the patient 
(usually in 30 minutes). If bleeding stops after the leech is removed, wiping the leech-bite area with a   
heparin-soaked gauze pledget may promote rebleeding.

Leech rejection is failure of the leech to attach rapidly to a replanted part, poor sucking, or consumption of less than a 
full meal. These findings have been suggested as poor prognosticators of tissue survival because of arterial insufficiency 
despite a favorable tissue color.

Dispose of leeches by placing them in a container of alcohol and discarding the container with infectious waste. Leeches 
can never be reused.

 9. How many leeches should you use?
The desired venous outflow of a flap or replanted digit is tailored to the needs of the specific patient by adjusting the 
number and frequency of leeches applied. In some published reports, leeches were used on venous congested parts as 
infrequently as 1 leech per day or as frequently as one leech six times per day for a duration of 5 to 10 days.

When the wound does not continue to bleed after leech application, fresh leeches can be reapplied to a digit or flap as 
frequently as every 30 minutes.

Table 111-1. Arterial Occlusion versus Venous Occlusion

ArTeriAl OcclusiOn VenOus OcclusiOn

Color Pale Blue-purple

Tissue turgor Decreased Increased, engorged and tense

Capillary refill Slow, absent Brisk, instantaneous

Temperature Low Low
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10. Where do you get leeches in the middle of the night?
Because venous congestion may arise suddenly in the immediate postoperative period, an immediately available 
supply of at least five to 10 leeches is desirable. In the United States, hirudo leeches are available from two vendors 
on the East Coast who advertise prominently in plastic surgery journals. However, even under the best circumstances, 
obtaining leeches may take 12 to 14 hours. Tissue bleeding caused by abrasion of the nailbed of the replanted digit with 
heparin-soaked sponges every hour usually maintains tissue viability until leeches are available. Telephone calls to the 
pharmacies of neighboring hospitals may yield an available supply of “loaner” leeches.

Leeches vary in price but are approximately $12 each. In comparison with the costs of an operation and postoperative 
intensive care unit monitoring, leeches are one of the least expensive parts of a patient’s hospitalization. The expense 
usually is covered as a medication by insurance companies.
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PrinciPles of facial TransPlanTaTion

 1. What are the functions of the face?
The human face has intrinsic aesthetic and functional importance. It plays a central role in the perception of identity and 
self and represents the most identifiable aspect of an individual’s physical being. It is paramount to multiple functional 
needs, such as eye protection, oral competence, speech, and emotional communication. The face’s expressive function 
carries with it additional social, symbolic, and psychological importance. Its role in a person’s identity, communication, 
and sense of being cannot be overstated.

 2. What are the established techniques for repairing the human face?
Established techniques for repairing the human face can be categorized as those using autologous tissues and those 
producing repair by allotransplantation. Conventional techniques use autologous local cutaneous tissue flaps and free 
flap autografts, which allow the transfer of more complex components such as skin, bone, and muscle. Local flaps, 
such as bilobed, nasolabial, and forehead skin flaps, often produce good results in selective cases with small defects. 
However, coverage of complex defects such as central facial tissue defects usually requires free transfer of autologous 
tissues such as fibular or forearm flaps. Despite many revision procedures for shaping the flap, the functional and 
aesthetic results of reconstruction usually remain poor. For such major and complex tissue defects, allotransplantation 
offers a unique and preeminent advantage by restoring “like with like.”

 3. Can you estimate the size of the skin needed to cover an entire face, scalp,  
front of neck, and ears?
Approximately 1200 cm2 of skin is needed to cover the entire hair-bearing scalp, front of neck, and ears. This is one of 
the reasons for the aesthetic failure of conventional skin reconstruction of the face with autologous tissues.

 4. What types of face allotransplantations have been defined thus far?
Two types of face allotransplantations have been defined.

Partial Face: On November 27, 2005, a team of French surgeons led by Devauchelle and Dubernard transplanted a triangular 
allograft consisting of a distal nose, lips, and chin to a 38-year-old female recipient in Amiens, France. The world’s 
first partial face allograft, entailing skin, mucosa, fat, and some muscle, was used to restore a defect resulting from a 
disfiguring dog bite. The 5-hour transplant operation included revascularization via the facial arteries and veins bilaterally.

Complete Face/Scalp: Full facial transplantation has become the newest and most debatable composite tissue 
allotransplantation topic in recent years. To date, successful facial/scalp allotransplantation has been limited to animal 
and cadaveric studies. At present there is an established full facial/scalp allograft cadaver model. In this model a 
composite facial/scalp flap was based bilaterally on the external carotid arteries serving as the arterial pedicles, on the 
external jugular and facial veins serving as the venous pedicles, and the supraorbital, infraorbital, mental, and great 
auricular nerves included in the facial flaps.

The full facial/scalp allograft model in rats is established and includes a bilateral external ear component. The 
cutaneous/subcutaneous flap is elevated via subplatysmal dissection and then divided based on its vascular pedicle of 
the common carotid arteries and external jugular veins. Siemionow has shown in rats that acceptance of facial allografts 
can be drastically increased (up to 100% at 200 days posttransplant) when modifying the arterial anastomoses to 
include only a unilateral common carotid artery anastomosis.

 5. Name the current surgical and technical protocols of face allotransplantation?
Currently, there are two primary models in place. The “Partial Face Transplantation Model” (France) focuses on central 
facial transplantation: the nose, lips, and chin are transplanted. The “Full Face Transplantation Model ” (Cleveland 
Clinic, Cleveland, Ohio) focuses on reconstruction for full facial burn traumas (and craniofacial reconstruction patients). 
In addition, the French have advocated surgical candidates who have not undertaken prior extensive reconstructive 
attempts, whereas Cleveland Clinic advocates restricting the surgery to patients who have failed prior treatments.
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 6. What are the goals of performing a face allotransplantation procedure?
Although it is not classified as a life-essential transplant, face allotransplantation is certainly a reconstructive procedure. 
It is a procedure performed in patients with severe facial deformities to accomplish two primary goals: (1) to provide 
a less disfigured facial appearance to facilitate a more normal social interaction, and (2) to reestablish basic facial 
function, such as blinking, mouth closure, and facial expression.

 7. Which vessels are used for vascularization of the face allotransplant?
Vascularization of the entire facial flap would rely on the terminal branches of the external carotid artery, superficial 
temporal artery, and internal maxillary artery for the upper third and the deep structures of the face and on the facial 
artery for the central and lower parts of the face. The ophthalmic artery, a collateral branch of the internal carotid artery, 
contributes to vascularization of the periorbital area. Venous drainage of the face relies on the external, internal, and 
anterior jugular veins, which drain the superficial temporal, facial, and inferior labial and chin veins, respectively. Thus 
transplantation of the whole face would involve all of these vascular systems, which should be dissected proximal 
enough to ensure vascularization of the entire facial flap and to enable anastomosis to the recipient’s counterparts.

 8. Which nerves should be included in a facial/scalp allotransplant?
Three branches of the trigeminal nerve should be included in a facial/scalp allotransplant as sensory nerves:

 • Supraorbital Nerve: Supplies the skin and conjunctiva covering the upper eyelid, and the skin over the forehead 
and anterior scalp.

 • Infraorbital Nerve: Supplies the skin of the lower eyelid, possibly the conjunctiva and the skin over the maxilla.
 • Mental Nerve: Supplies the skin of the lower lip and chin.

Four branches of the facial nerve should be included in a facial/scalp allotransplant as motor nerves:

 • Temporal Branch: Supplies the muscles around eyebrow and ear.
 • Zygomatic Branch: Supplies the periorbital muscles.
 • Buccal Branch: Supplies the perioral muscles.
 • Mandibular Branch: Supplies the perioral muscles.

 9. Organ transplantations are commonly performed all over the world. Is there any 
difference between these transplantations and face transplantation?
Unlike other commonly transplanted organs, such as the heart or liver, musculocutaneous grafts such as facial 
structures are histologically heterogeneous and contain tissue components that express different degrees of antigenicity 
(e.g., skin, glands). Like organ transplantations, face allotransplantation technique mandates substantial lifelong 
immunosuppression to prevent rejection, and failure of the regimen chosen could prove devastating, with possible loss 
of the transplanted face at any time. However, there is an ethical debate on the face transplantation issue because of 
the requirement for lifelong immunosuppression for a nonvital organ.

 10. The face allograft includes diverse tissues such as skin, muscle, tendon, nerve, 
bone, and vessels. Which of these tissues express the highest antigenicity?
Skin has the highest antigenicity of all the tissues in composite tissue transplantation, followed by muscle, bone, nerve, 
tendon, and vessels.

 11. What is the current immunosuppressive protocol used in the face allotransplantation?
The induction immunosuppressive protocol includes antithymocyte globulin, tacrolimus, mycophenolate mofetil, and 
prednisone. Infusion of donor bone marrow cells can be performed to promote graft acceptance. The maintenance 
treatment includes tacrolimus, mycophenolate mofetil, and prednisone, the doses of which can be temporarily adjusted 
during periods of rejection.

 12. What methods are used to evaluate the signs of face allograft rejection?
Patients should be checked regularly for signs of rejection. Allografted skin (face and sentinel skin graft) and oral 
mucosa of the patients are regularly examined clinically; punch biopsies are taken at various time intervals. Biopsies are 
obtained whenever clinical findings of rejection are present.

 13. What are the earliest clinical signs of rejection seen in face allotransplantation?
Long-term face allograft survival depends on adequate immunosuppression. Signs of rejection should be 
investigated, especially in the first 6 months postoperatively. The earliest signs of rejection would be visible on the skin 
surface and would present as erythema, rash, and pinpoint swelling. Diffuse erythema and edema are the earliest signs 
of rejection visible on the mucosa.
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 14. Describe the types of rejection of allograft transplants.
Rejection of allotransplants occurs in three basic forms:

 • Hyperacute/Accelerated Rejection: This type of rejection occurs rapidly following reperfusion of the graft 
within minutes to hours and is mediated by antibodies that are present in the recipient’s circulation before 
transplant. Because it is irreversible, this type of rejection must be avoided by thorough screening of transplant 
candidate serum for preformed antibodies and avoidance of the corresponding antigen in donors.

 • Acute Rejection: This type of rejection occurs within days to months following transplant. To date, 100% of 
all composite tissue allotransplantation recipients have experienced at least one rejection episode. Although 
antibody-mediated, or humoral, rejection is common, acute rejection most often is mediated by T cells as 
evidenced by the absence of acute rejection in research animals that are T-cell deficient. Most acute rejection 
episodes occur in the first 3 to 6 months following transplant, and most of them are successfully reversed with 
treatment.

 • Chronic Rejection: It is the third major form of allotransplant rejection and seen later than acute rejection. The 
characteristic lesions of chronic rejection involve fibrosis and atrophy of the graft parenchyma with progressive 
arteriopathy within the engrafted vasculature.

 15. What are the major causes of sensitization of the recipient facilitating the 
hyperacute/accelerated rejection?
These events include exposure to transfusions, pregnancy, deceased donor tissue transplants, infections, and 
immunizations. Patients are instructed to inform the transplant coordinator of any potentially sensitizing events that 
occur while they await transplant.

 16. What is the treatment of choice when signs of rejection are present?
If signs of rejection are present, skin biopsies should be performed to evaluate the stage of rejection, 
immunosuppression should be increased specifically with high doses of steroids, and topical tacrolimus and steroids 
should be used on the skin surface.

 17. What is the treatment of choice in acute rejection, if the initial treatment fails?
In cases where the initial treatment fails to resolve the rejection, patients usually will be treated with an antilymphocyte 
antibody preparation such as an anti-CD3 monoclonal antibody or polyclonal antithymocyte preparation.

 18. What is the treatment of choice for chronic rejection?
The immunosuppressive protocols currently in use are essentially ineffective at slowing or reversing the process of 
chronic rejection. Rapamycin and mycophenolate mofetil have demonstrated some efficacy in the treatment of chronic 
rejection.

 19. What is the estimated risk of acute and chronic face allotransplant rejection?
It is estimated that the rate of acute rejection is high as 10% for the first year, and the risk of loss of graft function 
(resulting from scarring from chronic rejection) is estimated to be 30% to 50% over a period of 2 to 5 years. However, 
recent results of the first partial face allograft transplant show over 1-year survival without rejection, and results of the 
first hand allograft transplant show over 8-year survival once the patients maintain lifelong immunosuppression.

 20. What are the long-term side effects of the immunosuppressants used in facial 
allotransplantation?
Long-term side effects of the immunosuppressants fall into three categories:

 • Opportunistic Infections: Cutaneous, fungal, and tinea infections; cytomegalovirus and herpes virus recurrences
 • Metabolic Disorders: Diabetes, Cushing’s syndrome
 • Malignancies: Basal cell and squamous cell carcinomas; Epstein-Barr virus B-cell lymphoproliferative 
disorders

These side effects are a major limiting factor in tissue allotransplantation for correcting physical or functional 
disabilities.

 21. What factors influence the success rate of a face allotransplantation?
Although control of the immune response to an allograft dominates the focus for extending graft survival, many other 
factors that influence the success rate have been defined. These factors include human leukocyte antigen (HLA) 
matching between donor and recipient; ischemia time; time and temperature of organ preservation; age of the donor; 
race of the recipient; and cause of donor death.
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 22. What would be the fate of the patient if the face allograft is lost?
The patient would require additional reconstructive procedures, but the loss would not be life threatening. The potential 
for graft rejection means that candidates must have appropriate tissue sites for regrafting. If the graft is rejected, 
immunosuppression would be discontinued, eliminating its risks. Candidates for this procedure would have undergone 
multiple reconstructive procedures previously, so their ability to weigh the burden of further procedures would be 
expected.

 23. What are the pretransplant assessments of candidates for facial  
allotransplantation?
Candidates for facial allotransplantation should undergo rigorous pretransplant assessment, which includes 
psychiatric, psychosocial, and bioethical evaluations. The patients offered this innovative procedure should be fully 
informed of the risks and reasonable benefits that can be expected from participation in this trial. They and their 
families should receive counseling about the risks and challenges of being the first patients to undergo a procedure 
that has drawn so much media and public attention. Potential candidates for facial resurfacing by facial skin 
allograft transplantation should undergo a thorough screening process by a team of multidisciplinary specialists 
under an Institutional Review Board-approved protocol as suggested by the Royal College of Surgeons and National 
Consultative Committee.

 24. What should be included in the informed consent for candidates for facial 
allotransplantation?
A thorough informed consent needs to be developed and given to the potential allotransplantation patient and his/her 
family. Such consent should include discussion of the probability of surgical failure and/or transplant rejection, and it 
should clearly discuss the lifelong risks associated with an immunosuppressive regimen. The patient should be informed 
about the origin of the graft coming from the human donor and about the facial tissue that will be transplanted. Precisely 
what will be harvested and transplanted, and how the harvesting and transplantation will be conducted, require 
clarification. Finally, patients should be informed that a separate informed consent is obtained from the donor and the 
donor’s family.

 25. What are the next steps in the recovery of the patient who has undergone facial 
allotransplantation surgery?
Recovery from the surgical procedure(s) is only the initial step in recovery for the composite tissue allotransplantation 
patient. Long-term immunotherapy for transplant patients has been discussed. Additional therapy includes 
rehabilitation training, which consists of static and dynamic facial exercises, mainly focusing on restoration of lip 
suspension, mouth occlusion, and facial expression training. Psychological support for acceptance of the new face is 
mandatory.
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PrinciPles of Hand TransPlanTaTion

 1. What is the first comprehensive account of upper extremity transplantation?
Dr. R.H. Hall reported the first detailed description of cadaveric upper limb transplantation in 1944. His protocol 
discusses the operative technique (vascular anastomoses, osteosynthesis), importance of organ preservation, and 
complications (including thrombosis and infection) while stressing the need for an experienced team in a well-
equipped hospital.

 2. Who performed the first hand transplantation under immunosuppression?
In February 1964, at the Clinica Guayaquil in Ecuador, Dr. Roberto Gilbert Elizalde performed a right forearm transplant 
on a 28-year-old sailor with a blast injury. The donor was a 43-year-old laborer who had died of massive gastrointestinal 
bleeding in a local hospital. Recipient immunosuppression (primitive by current standards) included total body 
irradiation, prednisone, and azathioprine. The graft rejected within 21 days, leading to amputation.

 3. Which team performed the second hand transplant in history?
A French team, led by Dr. Jean Michel Dubernard, performed the operation in Lyon, France, in September 1998. The 
patient, 48-year-old Clint Hallam, lost his right hand in a circular saw accident in 1984 while in incarceration for fraud in 
New Zealand.

 4. How many hand transplants have been performed around the world?
At the time of this publication, 53 hands have been transplanted in 38 patients between 1998 and 2009 (Table 
113-1). Of these, 39 transplants were performed in 27 recipients in the United States and Europe. In addition, 14 
hands were transplanted onto 11 patients in China (data unconfirmed).

 5. The longest surviving hand transplant belongs to which patient?
At over 8 years (104 months), the first American patient has the longest surviving transplant.

 6. What is the overall graft and patient survival in recipients on immunosuppressive 
therapy?
To this day, no mortality has been reported, and no hands have been lost in patients who took immunosuppressive 
drugs. Thus the short- and intermediate-term graft and patient survival is 100%.

 7. Explain the terms “induction” therapy and “maintenance” therapy.
Induction therapy refers to intraoperative or perioperative treatment with very potent drugs/antibodies to “switch 
off” the immune response temporarily (for weeks to months) after transplantation. The goal of induction is to reduce 
the chance of early acute rejection. Maintenance therapy refers to ongoing treatment of the recipient to reduce the 
risk of graft loss secondary to acute rejection. Maintenance immunosuppression can involve either combination 
therapy or monotherapy. Combination therapy uses drugs with different mechanisms of action or molecular targets. 
Lowering of individual drug dosage is possible while maintaining efficacy and limiting overall risk of side effects. 
Although reducing maintenance immunosuppression to monotherapy has been successful in some organ transplants, 
it has not yet been possible in hand transplants. Induction and maintenance agents used in hand transplants are 
listed in Table 113-2.

 8. If the “ideal” immunosuppressive drug was available, how would you describe it?
The ideal drug must be selective and specific in action, should synergize optimally with other drugs that are part 
of the regimen, must be free of toxic adverse reactions, should be easy to administer, and, importantly, should be 
inexpensive. No such drug exists today.
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 9. Define the term “acute” rejection. How is it classified or scored?
Acute rejection is the recipient immune response to the foreign graft chiefly mediated by mature host T cells that occurs 
within days to months after transplant. T cells undergo activation after interaction with donor antigen-presenting cells, 
clonally expand and proliferate into cytotoxic and helper T cells, mediate production of antibodies and cytokines by 
B cells, and finally cause cell death, edema, and graft loss if left untreated. An established scoring system proposed 
by Schneeberger et al. is based on the distribution of T-lymphocytic infiltrate, necrosis of keratinocytes, and dermal/
epidermal changes. The infiltrate is first localized around the dermal vessels (grade I) and then, as acute rejection 
progresses, spreads to the area between the dermis and epidermis and/or adnexal structures such as hair follicles or 
sebaceous glands (grade II). When acute rejection is not detected or treated at this “moderate” stage, it evolves into 
a more “severe” phase with necrosis of single keratinocytes and focal separation of the dermis and epidermis (grade 
III). With further progression, acute rejection ultimately results in “irreversible” necrosis and loss of epidermis and 
compromises graft viability (grade IV).

10. Explain the importance of the human leukocyte antigen transplant rejection.
Human leukocyte antigen (HLA) antigens are unique to each person, are coded by genes on chromosome 6, namely, 
HLA-A and B (class I) and HLA-DR and DQ (class II), and are important in identification of self from non-self. Class I 
molecules are found on all nucleated cells, whereas Class II molecules are restricted to B cells, macrophages, and 
antigen-presenting cells. In hand transplants the most potent antigen-presenting cell is the Langerhans cell in the 
skin. After transplantation, peptide fragments of donor HLA molecules are captured and displayed by these cells in 
the recipient. Once these peptides are deemed foreign, a cascade of immune events results in infiltration of the graft 
by T cells, B cells, and macrophages, culminating in acute rejection.

Table 113-1. Combined American and European Experience with Hand Transplantation

DaTe LocaTion TranspLanT sex

09/1998 Lyon, France Unilateral Male

01/1999 Louisville, USA Unilateral Male

01/2000 Lyon, France Bilateral Male

03/2000 Innsbruck, Austria Bilateral Male

10/2000 Milan, Italy Unilateral Male

02/2001 Louisville, USA Unilateral Male

10/2001 Milan, Italy Unilateral Male

06/2002 Brussels, Belgium Unilateral Male

11/2002 Milan, Italy Unilateral Male

02/2003 Innsbruck, Austria Bilateral Male

05/2003 Lyon, France Bilateral Male

02/2006 Wroclaw, Poland Unilateral Male

06/2006 Innsbruck, Austria Bilateral Male

11/2006 Louisville, USA Unilateral Male

11/2006 Valencia, Spain Bilateral Female

02/2007 Lyon, France Bilateral Female

11/2007 Valencia, Spain Bilateral Male

01/2008 Wroclaw, Poland Unilateral Male

06/2008 Louisville, USA Unilateral Male

07/2008 Munich, Germany Bilateral arm Male

11/2008 Louisville, USA Unilateral Male

03/2009 Pittsburgh, USA Unilateral Male

03/2009 Paris, France Bilateral + face Male

05/2009 Pittsburgh, USA Bilateral Male

07/2009 Lyon, France Bilateral Male

07/2009 Innsbruck, Austria Unilateral Male

09/2009 Wroclaw, Poland Unilateral arm Male
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Table 113-2. Immunosuppression in Hand Transplantation

DrUG/aGenT caTeGorY DescripTion MecHanisM oF acTion aDVerse eFFecTs/ToxiciTY

Antithymocyte 
globulin

Induction Polyclonal IgG from horses or 
rabbits immunized with human 
thymocytes

Binds to surface of T cells, depleting 
them from both circulating and 
lymphoid compartments

Anaphylaxis, serum sickness, cytokine release 
syndrome (fever, chills, flushing, hypotension), 
thrombocytopenia, leukopenia, phlebitis, nephritis

OKT3 
(muromonab-CD3)

Induction Mouse monoclonal antibody 
against human CD3 
glycoprotein associated with 
the T-cell receptor

Binds to CD3 component of T-cell 
receptor

Leads to activation and cytokine 
release followed by depletion of T 
cells

Severe cytokine release syndrome, hypotension, 
encephalopathy, nephropathy, pulmonary edema, 
central nervous system effects, thrombosis 
leading to graft failure

Basiliximab Induction Chimeric monoclonal antibody 
against IL-2 receptor alpha 
chain (CD25)

Binds and blocks the CD25 antigen 
on activated T cells

Inhibits IL-2 activation of T cells and 
depletes T cells

Side effects very uncommon
Rarely hypersensitivity reactions
Two doses needed for effect

Alemtuzumab 
(campath 1H)

Induction Humanized monoclonal 
antibody against CD52 antigen 
on B cells, T cells, monocytes, 
macrophages, natural killer 
cells

Globally binds to all CD52-bearing 
cells causing cell lysis and profound 
and prolonged depletion

Mild variant of cytokine release syndrome, 
neutropenia, anemia, pancytopenia, autoimmune 
thrombocytopenia, thyroid disease

Methylprednisolone Induction Endogenous corticosteroid 
analog

Form steroid receptor complexes at 
subcellular level that bind to DNA and 
affect gene expression and protein 
synthesis that suppress cytokine 
transduction and production

Hypertension, diabetes, weight gain, 
osteoporosis, peptic ulceration, gastrointestinal 
bleeding, opportunistic infections, avascular 
necrosis, cataracts, poor wound healing among a 
myriad range of side effects

Tacrolimus Macrolide antibiotic derived 
from Streptomyces 
tsukubaensis

Is 100 times more potent than 
cyclosporine

Binds to immunophilin ligands within 
T cells (FKBP-12, -12, -25, -52)

Binding to FKBP-12 suppresses T cell 
activation via calcineurin inhibition

Similar risk profile as cyclosporine but less severity
Hypertension, hypercholesterolemia, skin 

changes, hirsutism
Higher risk of posttransplant diabetes and 

neurologic toxicity

Mycophenolate 
mofetil

Maintenance Ester of mycophenolic acid that 
is a reversible noncompetitive 
inhibitor of IMPDH

Blocks IMPDH enzyme that is critical 
to purine synthesis in T and B cells

Selectively blocks T-cell proliferation 
and B-cell synthesis of antibody

Gastrointestinal symptoms (diarrhea, esophagitis, 
gastritis), neutropenia, mild anemia, leukopenia, 
opportunistic infections

Sirolimus 
(rapamycin)

Maintenance Macrolide antibiotic 
derived from Streptomyces 
hygroscopicus

Binds to FKBP-12 like tacrolimus but 
does not inhibit calcineurin

Affects G1 phase of cell cycle acting 
on a separate cell target called 
target of rapamycin (TOR), thereby 
inhibiting T-cell proliferation

Hypercholesteremia, delayed wound healing, 
lymphoceles, pneumonitis, interstitial lung 
disease, thrombocytopenia

Can cause increased toxicity of other calcineurin 
inhibitors

Prednisone Maintenance See Methylprednisolone

FKBP-12, FK binding protein-12; Ig, immunoglobulin; IL-2, interleukin-2; IMPDH, inosine monophosphate dehydrogenase enzyme.
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11. Why is prior “sensitization” of recipients to donor HLA antigens a problem in hand 
transplantation?
In certain circumstances such as pregnancy, repeated blood transfusions, implantable devices, and prior transplantation, 
people can encounter HLA molecules from “foreign” donors. This could “sensitize” them and stimulate production of 
anti-HLA antibodies. If such a person is chosen as a recipient for hand transplant, these circulating antibodies can result 
in increased risk of acute rejection and decreased overall graft survival.

12. How is presence of anti-HLA antibodies measured, and what is their 
significance?
Recipient serum is tested for reactivity against a pool of lymphocytes from control donors with known HLA markers. 
The amount of reactivity is graded as a percentage called the panel reactive antibody (PRA), and correlates with a 
recipient’s risk of positive reactivity with donors from the normal population who may serve as potential donors of 
the hand. A person’s PRA can range anywhere from 0% to 99%. To put it simply, the “percent” PRA represents the 
percent of the U.S. population that the anti-human antibody in the recipient blood is reactive against. For example, 
if the recipient has a PRA of 25%, then the antibodies in his/her blood would bind to the tissue types of 25% of the 
people in the population. The higher the PRA, the greater the chances of a waitlisted recipient to reject a prospective 
donor graft. Plasmapheresis and immunoadsorption are two methods for lowering circulating HLA antibodies and 
consequently PRA levels.

13. Describe the phenomenon of “chronic” rejection.
Chronic rejection (CR) is an immune phenomenon characterized by vasculopathy (intimal hyperplasia, 
perivasculitis obliterative endarteritis of graft vessels), fibrosis, and atrophy of graft with progressive loss of 
function that culminates in graft loss. The pathogenesis of CR is poorly defined. The vasculopathy may reflect 
injury of blood vessels by antibody and/or cell-mediated mechanisms that leads to chronic ischemia. The 
fibrosis may be mediated by a low-grade, persistent delayed-type hypersensitivity response in which activated 
macrophages secrete mesenchymal cell growth factors such as transforming growth factor beta (TGF-β). 
Emerging data from experimental limb transplant models indicate that the risk of CR is exacerbated by increased 
acute rejection episodes, that macrophages play an important role in CR and that vasculopathy occurs later in the 
process.

14. What are some immunologic and nonimmunologic factors that play a role in the 
etiopathogenesis of CR?
Based on insights gained in solid organ transplants, some of the immunologic factors implicated in CR include 
the frequency, severity, and time of onset of acute rejection; greater HLA mismatch; recipient PRA status; racial 
mismatch between donor and recipient (e.g., Caucasian donor into non-Caucasian recipient); sex mismatching 
(male donor to female recipient); and cytomegalovirus (CMV) sero-mismatch (CMVpositive donor to CMVnegative 
recipient). Nonimmunologic factors implicated in CR include older donor age, donor atherosclerosis, cadaver donor, 
prolonged cold ischemia, and conventional risk factors for atherosclerosis in the recipient (e.g., hypertension, 
diabetes, hyperlipidemia, obesity).

15. Have any hand transplants been lost to rejection?
Confirmed (published/presented) reports indicate that two hands have been amputated electively due to acute 
rejection (the first French patient and the first Chinese patient, both unilateral). In the rest of the American and 
European experience, there have been no reports of CR. It has been reported that most patients in China could not 
afford medications after the first year and that some transplants were lost to follow-up. Thus many more patients 
could have succumbed to acute rejection due to lack of medications. The question of whether any of these patients 
suffered from CR remains to be confirmed. The fourth hand transplant recipient in the United States, underwent 
amputation of his unilateral transplant 9 months after surgery due to graft ischemia. The underlying pathogenesis 
has been hypothesized to be CR but remains to be conclusively confirmed.

16. How is the term “chimerism” defined? What is the difference between 
microchimerism and macrochimerism?
Chimerism is defined as the harmonious coexistence of hematopoietic cells derived from a genetically disparate donor 
in the recipient. Microchimerism occurs due to migration of “passenger” leukocytes after transplantation of solid 
organs and cellular allografts. Donor cells persist at low levels (≤1 donor cell per 104 or 105 recipient cells), frequently 
detectable by molecular techniques such as polymerase chain reaction (PCR) assay. Macrochimerism usually occurs 
when donor bone marrow transplantation is performed in a host that is conditioned by antibodies or irradiation. In 
macrochimerism, donor cells are detectable by flow cytometry at levels of 1% to 100%. In small and large animal 
models, microchimerism and macrochimerism have been shown to induce “tolerance” to allografts. Tolerance is graft 
acceptance without the need for extraneous immunosuppression. However, confirming the association of chimerism 
with tolerance is clinically difficult. Rejection can occur in the presence of microchimerism or macrochimerism, and 
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persisting chimerism does not necessarily correlate with clinical tolerance or the ability to wean from or reduce 
immunosuppressive drugs. Conversely, indefinite solid organ transplant survival has been reported in patients who have 
been weaned completely off immunosuppression despite the absence of chimerism.

17. Have any hand transplant recipients thus far shown evidence of chimerism?  
What about graft-versus-host disease?
Transient microchimerism has been reported in a few cases, but sustained presence of donor-derived cells has not been 
confirmed. Graft-versus-host disease (GVHD) is a condition mediated by mature donor T cells that attack the recipient 
who usually is immunosuppressed or immunocompromised. In bone marrow transplants, recipients are conditioned 
(myeloablated) with radiation or cytotoxic chemotherapy. In such a situation, GVHD can be lethal. In hand transplants, the 
radius and ulna contain bone marrow that could potentially cause GVHD depending on how the recipient is treated with 
drugs/depleting antibodies. However, no GVHD has been observed in any patient.

18. List the specific criteria that are used to select donors and recipients for hand 
transplantation.
As of today, there are no standard/established criteria for selection of donors/recipients in hand transplantation. The 
following criteria are broad guidelines and must be adapted according to institutional goals and regulations. Important 
donor requirements are family consent for limb donation, stable donor (does not require excessive vasopressors to 
maintain blood pressure), age between 18 to 55 years, limb matched for size with recipient, same blood type as 
recipient, negative cross-match, and, importantly, accurate matching of gender, skin tone, and race. Recipients may be 
male or female and of any race, color, or ethnicity. Amputation may be recent (acute injury) or remote (patient may have 
undergone rehabilitation with prostheses). Important requirements are age between 18 and 65 years (recipients younger 
than 18 years are excluded due to issues of informed consent and the potentially increased risk of lymphoproliferative 
disorder), no serious coexisting medical (coronary artery disease, diabetes) or psychosocial problems (including 
alcoholism, drug abuse), no history of malignancy (for 10 years) or human immunodeficiency virus (at transplant), 
negative cross-match with donor, negative pregnancy test in female recipient of child-bearing potential, and consent to 
use reliable contraception for at least 1 year following transplantation.

19. What is the International Registry of Hand and Composite Tissue Transplantation?
The International Registry of Hand and Composite Tissue Transplantation (IRHCTT) (www.handregistry.com) was 
established in 2002 to serve as an up-to-date collection of scientific data contributed by individual centers performing 
hand or composite tissue transplants. Insights gained from data sharing between centers could help teams to modify 
treatment strategies and improve allograft outcomes.

20. Describe the effects of tacrolimus on nerve regeneration.
Tacrolimus has been shown to promote nerve regeneration (by its effects on neuroimmunophilin ligands such as FKBP-
52, hsp-90, and p23) in animal models after nerve injury (crush/transection). Such an effect has not yet been confirmed 
in human hand transplant recipients taking this drug.

21. In the United States, retrieval of donor organs/tissues is managed and controlled  
by OPOs. What does this acronym refer to?
“OPO” refers to organ procurement organization. There are approximately 60 of these nonprofit agencies in the United 
States. OPOs approach families to seek donation, evaluate potential donors for suitability, and coordinate recovery, 
preservation, and transportation of organs/tissues.

22. Describe the phenomenon of “brain plasticity” that has been observed after hand 
transplantation.
Following amputation, the areas of the premotor cortex that represent the lost structures (on the homunculus) are 
reassigned to areas controlling the residual components of the limb. However, after a hand transplant (as confirmed by 
functional magnetic resonance imaging [fMRI]), these areas of the brain can reestablish their original functions, and the 
signals from the new hand go back to the cortical regions that controlled the original hand. Such neural reintegration of 
the transplanted limb into the premotor cortex is called “cortical reorganization” or “plasticity” of the brain.

23. How is hand transplantation different from replantation? What distinguishes  
it from solid organ transplants?
The differences are listed in Tables 113-3 and 113-4.

24. Briefly describe the salient aspects of functional rehabilitation and assessment  
after hand transplantation.
Hand transplant rehabilitation is similar to that after replantation. Early mobilization (within 24 to 48 hours) is important 
to reduce edema and stiffness. A dynamic crane extension outrigger splint that mimics intrinsic function of the hand 
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(Fig. 113-1) can be used to prevent an intrinsic-minus hand/clawing. Promoting early protective active motion and 
blocking metacarpophalangeal joint extension help achieve a hand with an intrinsic-plus posture and coordinated 
grasping. Different tests/instruments/scoring systems have been used by teams to assess sensory and motor return 
after transplantation. To ensure easy comparison of data among programs, the IRHCTT has proposed a classification 
called the Hand Transplant Score System (HTSS) to measure function. The HTSS measures six parameters that score 
for a total of 100 points: appearance 15 points; sensation 20 points; motor function 20 points; psychosocial outcome 
15 points; activities of daily living and profession 15 points; and patient satisfaction and quality of life 15 points. Outcomes 
are graded as poor (0 to 30 points), fair (31 to 60 points), good (61 to 80 points), and excellent (81 to 100 points).

25. What are the important ethical considerations in undertaking hand transplantation?
Some of the key ethical considerations involve the following: (1) stringent compliance with human studies regulations 
and institutional review board approval; (2) thorough informed consent of recipients clarifying risks and benefits;  
(3) selection of appropriate recipients and donors (including thorough psychiatric screening of recipients to determine 
suitability for participation, personality organization, and compliance ability); and (4) scholarship, transparency/scientific 
accuracy, and data sharing. For teams wishing to attempt hand transplantation, it is important to (1) ensure open display 
and public awareness for this innovative surgery and (2) evaluate the field strength (skill and experience of the team) 
and ethical climate of the institution to determine suitability to perform the procedure.

Table 113-3. Hand Transplantation versus Hand Replantation

HanD TranspLanTaTion HanD repLanTaTion

Surgery Planned and performed electively Emergency surgery

Donor tissues Intact Missing, avulsed, crushed, or 
contaminated

Modification of donor graft Tailored to match specific requirements Limited by type of injury

Recipient site May be scarred with muscle contracture 
and reduced tendon excursion

Missing, avulsed, crushed, or 
contaminated

Warm ischemia time Minutes Minutes to hours

Immunosuppression Long-term antirejection drugs needed Not necessary

From Weinzweig N, Weinzweig J: The Mutilated Hand. Philadelphia, Mosby, 2005.

HanD TranspLanTaTion orGan TranspLanTaTion

Visual monitoring of rejection Possible Not possible

Biopsy from site of ongoing 
rejection

Possible Not always possible

Topical drug therapy Possible Not possible

Rejection episodes affect rate of 
functional return

No Yes

Functional return after 
transplantation

Delayed (motor and sensory return) Immediate (physiologic function)

Premotor cortical reorganization 
after transplantation

Yes Not applicable

Nonimmunosuppressive role of 
tacrolimus

Nerve regeneration may be 
improved

None

Posttransplant donor 
microchimerism

Not been reported Reported

Graft-versus-host disease Not been reported in any cases to 
date (despite bone marrow in limb)

Reported to occur (small bowel 
and liver transplants)

Human leukocyte antigen 
matching

Difficult due to small donor pool, 
effects of human leukocyte antigen 
mismatch on long-term graft 
survival unknown

Facilitated by larger donor pool, 
inverse correlation between 
human leukocyte antigen 
mismatch and graft survival

Exit strategy in event of 
complications

Stop immunosuppression and 
amputation (less morbidity and 
mortality)

Retransplantation (greater 
morbidity and mortality)

Table 113-4. Hand Transplantation versus Organ Transplantation

From Weinzweig N, Weinzweig J: The Mutilated Hand. Philadelphia, Mosby, 2005.
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26. Can you elucidate the psychiatric evaluations that are necessary during recipient 
screening or follow-up?
A thorough psychiatric workup is critical to recipient selection and plays an equally important role in the follow-up of 
patients. Psychosocial testing assesses (1) coping/adjustment to hand loss; (2) emotional and cognitive preparedness for 
transplant; (3) motivation for hand transplant (including history of prosthetic use); (4) anticipated comfort with a cadaver 
hand; (5) level of realistic expectations regarding posttransplant outcomes; (6) body image adaptation; (7) personality 
organization and risk of regression; and (8) social support system, family structure, financial situation, and history of 
medication compliance/substance abuse.

27. What complications have been noted in hand transplant recipients to date?
Surgical complications that were successfully treated included localized skin necrosis, arterial thrombosis, and 
formation of multiple arteriovenous fistulas. Immunosuppressive drug-related side effects included opportunistic 
infections (cytomegalovirus reactivation, Clostridium difficile enteritis, Herpes simplex blisters, cutaneous mycosis, 
and staphylococcal osteomyelitis), metabolic complications (diabetes mellitus, increased creatinine values, Cushing’s 
syndrome, bilateral avascular necrosis of hips). Most of these complications were treatable. No malignancies or   
life-threatening conditions have been reported.

28. What is one very special consideration in hand transplantation that may have 
implications on recipient identity?
Apart from its ethical and psychological implications, hand transplantation brings with it significant social and identity 
issues. The problem of dual fingerprints is unique to patients undergoing hand transplantation. It raises special concerns 
for de-identifying donor information and potential infringement of donor privacy as it necessitates criminal background 
checks (felony, child abuse, etc.) on the donor. Hand transplant teams must inform the appropriate security and 
intelligence agencies to update the requisite databases with the new fingerprint status of recipients to avoid potential 
security/identity problems following surgery.

29. How can hand transplantation become a widespread clinically acceptable 
reconstructive option for upper extremity limb loss?
Early trials with hand transplantation have confirmed the technical feasibility of this procedure and provided key insights 
into acute rejection and the problems associated with long-term immunosuppression and CR. Widespread application 
of this procedure is possible only if these risks are reduced. Research into safe and efficacious immunomodulatory 
protocols that allow minimization or weaning of drug treatment and strategies to diagnose and prevent CR are crucial 
steps in achieving this goal.

Figure 113-1. Crane outrigger splint.
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The hand and Upper exTremiTy
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AnAtomy of the hAnd

 1. What is the thickest skin in the hand?
The palmar skin has the thickest epidermis due to the stratum corneum, but the dermis is just as thick on the dorsum as 
the palm.

 2. Why are most significant hand burns on the dorsum?
The thick stratum corneum protects the palmar dermis. In addition, the dorsal skin tends to be directed toward the 
flames in a burn situation. If the fist is closed, the palmar skin is further protected.

 3. Why can we get away with single layer closure in the palm?
The thick stratum corneum hides the ingrowth of epithelium down the suture into the dermis, so sutures can be left in 
place for over a week without leaving stitch marks.

 4. Does the thick stratum corneum affect the technique of skin closure in  
any other way?
The thick stratum corneum exaggerates the problems caused by skin edge overlap; thus mattress stitches often are 
preferred to ensure skin edge eversion.

 5. How is the palmar skin so firmly fixed in place?
The palmar fascia is a unique structure, fixed proximally and distally, from side to side, and to the underlying 
metacarpals by its vertical fibers. The palmar skin is closely attached to the palmar fascia by a tight network of its own 
vertical fibers. Hence, edema cannot collect as easily on the palmar side of the hand.

 6. Name the three planes of the palmar fascia.
The palmar fascia is aligned in longitudinal, vertical, and transverse components.

 7. Which of the three palmar fascia planes is never involved in  
Dupuytren’s disease?
The transverse fibers, located over the metacarpophalangeal joints, are never involved in Dupuytren’s disease.

 8. Does the palmar fascia extend into the fingers?
Yes. The longitudinal fibers of the palmar fascia extend into the fingers and in the web spaces; the natatory ligaments 
are part of the palmar fascia. In the proximal and middle phalanges, however, Cleland’s (dorsal) and Grayson’s (volar) 
ligaments are the stabilizing structures. On the sides of the fingers, dorsal and palmar to the neurovascular bundles, 
they are attached to the phalanges along the ridge giving rise to the fibroosseous tunnel. In the distal phalanx, vertical 
fibers are attached directly to the underlying distal phalanx and form a honeycomb series of compartments, similar to 
that in the palm between the skin and palmar fascia (Fig. 114-1).

 9. What is the “assembly line”?
The volar lateral ridges of the proximal phalanx, in which nestle the flexor tendons and which give attachment to 
the fibroosseous tunnel, the oblique retinacular ligament, and Grayson’s and Cleland’s ligaments, are the so-called 
“assembly lines.”

 10. What are the “checkrein ligaments”?
In flexion contracture of the proximal interphalangeal (PIP) joint, the proximal sliding volar plate becomes attached to the 
firm assembly line structures by fibrous adhesions called the “checkrein ligaments,” which prevent the volar plate from 
sliding back distally.
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 11. Name two unique types of infection on the palmar side of the hand that are due to 
the firm fixation of the skin to underlying structures.
A collar-button abscess in the palm starts as a tiny infection between the palmar skin and the palmar fascia. It then 
erodes through the palmar fascia into the underlying loose space, forming a dumbbell- or collar button-shaped abscess, 
which may be inadequately drained if the anatomy is not appreciated.

A felon in the distal phalanx starts in the same way as the collar-button abscess, but it is inhibited from side to side 
spread by the tight network of vertical fibers attaching the skin to the distal phalanx. Spread occurs by erosion through 
the walls formed by the vertical fibers, adding to the abscess compartment by compartment.

 12. Name another closed compartment in the hand in which bacterial infections can 
develop.
The synovial sheaths within the fibroosseous tunnels of each finger are relatively closed systems that can contain closed 
space infections that can expand and spread quickly (“purulent tenosynovitis”).

 13. What are the other closed spaces associated with infections?
The thenar and midpalmar bursae and the radial and ulnar bursae all are potential spaces in which infection can develop.

 14. How can these compartments communicate with each other with the spread of an 
infection?
The synovial sheaths of the ulnar fingers communicate with the ulnar bursa, and the sheaths of the index finger 
and thumb communicate with the radial bursa and can communicate in the midpalmar and thenar spaces (bursae), 
respectively.

 15. Can the ulnar- and radial-sided synovial systems communicate?
Each is capable of draining into the space over the pronator quadratus (Parona’s space), producing a pan-palmar 
infection called a “horseshoe abscess.”

Cleland’s
ligament

Grayson’s
ligament

Neurovascular
bundle

Lateral
digital sheet

Natatory
ligament

Spiral band

Pretendinous band
Superficial transverse

ligament

Figure 114-1. The digital fascia—continuation of the palmar fascia into the fingers—helps anchor the axial plane skin. It consists primarily 
of Grayson’s ligaments and Cleland’s ligaments, palmar and dorsal to the neurovascular bundles, respectively. (From Chang J, Valero-Ceuvas F,  
Hentz VR, Chase RA: Anatomy and biomechanics of the hand. In Mathes SJ, Hentz VR [eds]: Plastic Surgery, 2nd ed., Vol VII, The Hand and 
Upper Limb, Part 1. Philadelphia, Elsevier, 2006, p 17.)
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 16. How does the unique anatomy of the fingertip shape the development of a paronychia?
A paronychia is an infection of the nail fold. It seldom exists without the presence of a nail, which is first a foreign-body 
irritant and then the roof of the abscess.

 17. Can a felon spread around the distal phalanx and become a paronychia? Can a 
paronychia spread around the nail plate into the palmar pulp and become a felon?
Both events are highly unlikely because of the anatomy of the fingertip. The paronychia spreads around the nail plate 
and may lift the entire nail plate off the bed but ultimately drains dorsally. The felon spreads on the palmar side, 
ultimately breaking through the skin. It may spread proximally into the soft tissue of the middle phalanx—or even into 
the bone and distal interphalangeal (DIP) joint—but not dorsally to the nail fold.

 18. Which tissues contribute to growth of the nail plate?
The entire nail bed, including the overlying eponychial fold, contributes material to the developing and growing nail. The 
proximal nail bed (germinal matrix) forms the early developing nail, the overlying fold contributes the smooth surface, 
and the distal bed (sterile matrix) continues to add bulk so that the nail plate does not become too thin from wear.

 19. What is the lunula?
The white arc just distal to the eponychium, called the lunula, is a result of persistence of nuclei in the cells of the 
germinal matrix as they flow distally, creating the nail. As the nuclei disintegrate distal to the lunula, the nail becomes 
transparent.

 20. What is the safe position for splinting the hand?
It is useful to think of joints as having certain positions that tend to produce stiffness and other positions that can be 
maintained for long periods without developing stiffness. The metacarpophalangeal (MP) and interphalangeal (IP) joints 
are good examples of this concept. The MP joints recover well from flexion, and the IP joints recover well from extension. 
When splinting the hand, the MP joints should be placed in flexion (70° to 90°), and the IP joints should be maintained in 
extension. The thumb should be abducted and the wrist maintained in mild extension. This is the position from which it 
is easiest to regain mobility of the joints after prolonged immobilization.

 21. Why is flexion the safe position for the MP joint?
The MP joint is characterized by variable tightness of the collateral ligaments, depending on the position of the joint, 
because of the unique shape of the metacarpal head and the origin of the collateral ligaments dorsal to the axis of 
rotation of the joint. The head is ovoid in the sagittal plane (creating a cam effect ) and possesses a palmar flare in the 
transverse plane, which requires the collateral ligaments to span a greater distance in flexion than extension. Therefore 
the collateral ligaments are stretched tight in flexion but are lax in extension. Because ligaments tend to shorten when 
maintained in a lax position, prolonged extension leads to shortening of the collateral ligaments, rendering them unable 
to accommodate the joint in flexion and thus producing an extension contracture (Fig. 114-2).

Extension

Flexion

Fluid space

Area of contact

Figure 114-2. Anatomy of the metacarpophalangeal joint. In extension the collateral ligaments are loose; the joint is relatively unstable 
and the ligaments are at risk for shortening. In flexion the collateral ligaments are tight secondary to a cam effect; the joint is stable and 
the ligaments are protected. (From Watson HK, Weinzweig J: Stiff joints. In Green DP [ed]: Operative Hand Surgery, 4th ed. New York, 
Churchill Livingstone, 1999.)
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 22. If flexion is the safe position for the MP joint, what do you do if you have to splint 
the joint in extension, as for extensor tendon repairs or palmar fascia excision  
for Dupuytren’s disease?
The MP joints can tolerate a few weeks of extension, especially in younger patients without widespread injury. Older 
patients can tolerate up to 4 weeks of extension following isolated injuries or surgical procedures (e.g., extensor tendon 
repair) but only 2 or 2.5 weeks following extensive Dupuytren’s surgery. For burn injuries with extensive edema,  
MP joints should be protected and maintained in flexion from the beginning.

 23. Why is extension the safe position for the IP joints?
The collateral ligaments of the IP joints tend to have the same tightness in flexion and extension and thus are not as 
important in consideration of safe splinting. Two other points are important instead: (1) the extensor mechanism in 
the region of the PIP joint and (2) the volar plates. The volar plate overlies the cartilaginous surface of the phalangeal 
condyles in extension but in flexion slides proximal to the condyles, where it readily becomes adherent to the filmy 
soft tissue between the tendon sheath and periosteum. Maintenance of this position produces a flexion contracture. 
The other consideration is that the extensor mechanism is highly stable in extension but is under stress in flexion. This 
problem is particularly significant when the PIP joint is injured, as in a burn injury. Inflammation may cause attenuation 
of the delicate extensor mechanism, resulting in disruption of the transverse retinacular ligaments when the joint is 
stressed in flexion. The lateral bands then slip volarly, creating a boutonnière deformity.

 24. The IP joint can be thought of as a box, with the articular surfaces of the phalanges 
forming the proximal and distal ends. What forms the other sides?
The volar plate forms the bottom and the collateral ligaments the sides. The collateral ligaments extend from their points 
of origin into a broad, fan-shaped insertion into the phalanx distally and the sides of the volar plate volarly. The volar 
portion of the collateral ligament is referred to as the accessory collateral ligament. The top or lid of the box is formed by 
the extensor mechanism, which contributes little to the structural stability of the joint (Fig. 114-3).

25. Which is the most mobile carpometacarpal joint?
The carpometacarpal (CMC) joint of the thumb is a saddle joint with motion in three axes, giving the thumb unique mobility.

26. Which are the least mobile CMC joints?
The second and third metacarpals are bound firmly to the trapezoid and capitate, forming a stable structure known as 
the “fixed unit of the hand.” Thus the second and third CMC joints are the least mobile.

27. What is the last muscle innervated by the ulnar nerve as it courses through the palm?
The first dorsal interosseus is the last muscle to receive motor fibers from the ulnar nerve after it passes through the 
adductor of the thumb, which is next to last.

Figure 114-3. Anatomy of the interphalangeal joint. The three-dimensional ligament–box complex provides strength with minimal bulk. 
At least two sides of this box must be disrupted for displacement of the joint to occur. (From Dray GJ, Eaton RG: Dislocations and ligament 
injuries in the digits. In Green DP [ed]: Operative Hand Surgery, 3rd ed. New York, Churchill Livingstone, 1993, p 768.)



743the hAnd And UPPeR eXtRemIty

 28. What major peripheral nerve is responsible for extension of the thumb IP joint?
The median nerve innervates the radial side of the thenar eminence, which is responsible for MP joint flexion and 
IP joint extension from the radial side. The ulnar nerve innervates the adductor pollicis and ulnar head of the short 
flexor, which is responsible for the same actions from the ulnar side. The radial nerve innervates the extensor pollicis 
longus (EPL), which is responsible for central IP joint extension. Thus all three major peripheral nerves contribute to 
extension of the thumb IP joint.

 29. How can you test for function of the EPL?
The EPL has the unique function of lifting the thumb dorsal to the plane of the palm. Ask the patient to place the palm on 
the table and lift up the thumb.

 30. There is much crossover of sensory innervation in the hand. Where do the median, 
ulnar, and radial sensory nerves supply sensibility with the least chance of crossover 
from neighboring territories?
The median nerve is alone on the index tip, the ulnar nerve on the little finger tip, and the radial nerve over the dorsal 
surface of the first web space.

 31. Where is the one place on the hand where all three sensory nerves may be expected 
to provide maximal crossover innervation?
On the dorsal surface of the middle phalanx of the ring finger, the digital nerves from median and ulnar nerves course 
dorsally, whereas the radial nerve sensory branch courses distally, along with the ulnar nerve dorsal sensory branch on 
the ulnar side.

 32. What three vascular arches provide anastomotic connections between the radial and 
ulnar blood supplies?
The superficial palmar arch courses palmar to the flexor tendons, gives off the digital vessels, and is a direct 
continuation of the ulnar artery. The deep palmar arch, which is deep (dorsal) to the flexor tendons, gives off the volar 
metacarpal arteries and is a direct continuation of the radial artery after the takeoff of the princeps pollicis. The dorsal 
carpal arch travels dorsally over the proximal carpal row, linking the radial and ulnar systems dorsally and giving off 
the dorsal metacarpal arteries.

 33. Despite proper tourniquet application, the wound begins to bleed during repair of a 
spaghetti wrist. Why?
Blood is shunted down to the hand via nutrient vessels in the humerus. This process may take an hour or even longer. 
The ascending branch of the humeral circumflex artery enters the bone in the bicipital groove, perfuses the bone 
through the medullary cavity with connections to the periosteal vessels, and may exit inferiorly at the elbow. Control 
under these circumstances may be obtained by wrapping an Esmarch or Ace bandage around the elbow at 
moderate pressure.

 34. How can you test the integrity of the vascular anastomotic connections between 
the two sides of the hand?
Allen’s test is performed by occluding both radial and ulnar arteries at the wrist, emptying the hand of blood by repeatedly 
making a fist, and releasing one of the arteries. The hand should fill with blood immediately, with no significant delay on 
the side still occluded.

 35. What are the boundaries of the carpal tunnel?
The transverse carpal ligament (TCL), in addition to providing a pulley mechanism for the flexor tendons, spans the volar 
aspect of the proximal palm to form the roof of the carpal tunnel. The TCL courses from the scaphoid tubercle and the 
crest of the trapezium on the radial side to the pisiform and hamate on the ulnar side.

 36. How many structures traverse the carpal tunnel?
Ten. Nine flexor tendons (four flexor digitorum superficialis [FDS] tendons, four flexor digitorum profundus [FDP] tendons, 
flexor pollicis longus [FPL]) and the median nerve pass through the carpal tunnel.

 37. What are the boundaries of Guyon’s canal?
The TCL forms the floor, the volar carpal ligament (VCL) the roof, and the pisiform the ulnar wall of the canal of Guyon.

 38. Is the primary blood supply of the scaphoid distal or proximal?
The distal pole of the scaphoid is supplied independently by dorsal and palmar branches of the radial artery, leaving the 
proximal pole deficient and susceptible to devascularization with trauma.
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 39. What are the six dorsal extensor compartments of the wrist?
The six well-defined tunnels through which the extrinsic extensor tendons pass are numbered from radial to ulnar. 
The first compartment contains the abductor pollicis longus (APL) and extensor pollicis brevis (EPB) and is located on 
the surface of the radial styloid. Both the APL and EPB may contain several slips; tenosynovitis in this compartment is 
known as de Quervain’s disease. The second compartment contains the two radial extensors of the wrist (extensor carpi 
radialis longus [ECRL], extensor carpi radialis brevis [ECRB]), which course through the floor of the anatomic snuffbox 
on the way to their insertions on the bases of the second and third metacarpals, respectively. Lister’s tubercle separates 
the second compartment from the third compartment, which contains the EPL. The fourth compartment contains the 
tendons of the extensor digiti communis (EDC) and the extensor indicis proprius (EIP), whereas the fifth compartment 
contains the extensor digiti quinti (EDQ). The sixth dorsal compartment is located on the head of the ulna and contains 
the extensor carpi ulnaris (ECU) (Fig. 114-4).

 40. Which extrinsic tendons insert into carpal bones?
Except for the flexor carpi ulnaris on the pisiform, there are no extrinsic tendinous insertions into the carpal bones.

 41. When is the ECU not primarily an extensor of the wrist?
The sixth dorsal compartment is fixed on the ulnar head. When the radius pivots around the ulnar head in pronation and 
supination, the ECU assumes different positions relative to the wrist. In full pronation it is ulnar to the wrist and thus 
primarily an ulnar deviator.

 42. Name the four insertions of the extrinsic extensor tendon.
The extrinsic extensor tendon inserts into (1) the base of the proximal phalanx, (2) the base of the middle phalanx,  
(3) the base of the distal phalanx (via the slips to the lateral bands; see Question 59), and (4) the transverse metacarpal 
ligament and volar plate.

 43. How do you identify the proprius tendons of the index and little fingers?
The proprius tendons (extensor digiti minimi [EDM], EIP) usually lie on the ulnar side of the communis tendon (EDC) and 
allow independent extension of the little and index fingers, respectively. However, significant variability of the extensor 
tendons to the index and little fingers, including radial EIP and EDM tendons and supernumerary tendons, has been 
reported in up to 19% of specimens in anatomic studies.
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Figure 114-4. The six dorsal extensor compartments of the wrist. APL, Abductor pollicis longus; ECRB, extensor carpi radialis brevis; ECRL, 
extensor carpi radialis longus; ECU, extensor carpi ulnaris; EDC, extensor digiti communis; EDQM, extensor digiti quinti minimi; EIP, extensor 
indicis proprius;EPB, extensor pollicis brevis; EPL, extensor pollicis longus. (From Doyle JR: Extensor tendons: Acute injuries. In Green DP [ed]: 
Operative Hand Surgery, 3rd ed. New York, Churchill Livingstone, 1993, p 1927.)
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44. What is the anatomic snuffbox?
It is the hollow on the radial side of the wrist bordered by the contents of the first dorsal compartment on the palmar 
side, the EPL dorsally, the radial styloid proximally, and the base of the thumb metacarpal distally. The radial artery 
courses through the snuffbox on its way to the dorsal first web space; in the depths of the snuffbox is the scaphoid. 
Injury to the scaphoid produces tenderness in the snuffbox.

45. What is the retinacular system of the extensor mechanism?
The retinacular system of the extensor mechanism stabilizes the components of the extensor mechanism. The sagittal 
bands stabilize the central tendon over the metacarpal head; the transverse retinacular ligaments stabilize the lateral 
bands and central slip over the PIP joint region; and the triangular ligament stabilizes the lateral bands over the middle 
phalanx (Fig. 114-5).

46. How do the lumbricals assist in IP joint extension?
The lumbricals originate on the radial side of the FDP tendons. As they contract they simultaneously extend the 
IP joints by directly pulling on the lateral band and pulling the FDP distally, relaxing the flexion antagonist to 
extension.

47. What is the primary flexor of the MP joint?
The intrinsic muscle tendons course volar to the MP joint axis of rotation and are the primary flexors of the  
MP joint.
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Figure 114-5. The complex 
retinacular anatomy of the extensor 
mechanism in the finger. ORL, 
Oblique retinacular ligament. (From 
Rizio L, Belsky MR: Finger deformities 
in rheumatoid arthritis. Hand Clin 
12:531–540, 1996.)
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48. What is the primary extender of the MP joint?
The extrinsic system extends the MP joint.

49. Which extends the IP joint: the extrinsic system or the intrinsic system?
The intrinsic system extends the IP joint when the MP joint is in hyperextension. The extrinsic system extends the IP joint 
when the MP joint is in flexion.

50. When the intrinsic muscles are paralyzed, how is the finger affected?
Because the primary flexor of the MP joint is lost, the MP joints tend to develop a posture of hyperextension—the 
position from which the paralyzed intrinsics are needed to extend the IP joints (see Question 47). Thus the IP joints fall 
into flexion, especially with intact profundus tendons, producing the claw deformity.

51. Which interosseous muscles are innervated by the median nerve?
An easy way to remember the answer is the mnemonic LOAF: L for the two radial lumbricals, O for opponens pollicis, 
A for abductor pollicis brevis, and F for the superficial head of the f lexor pollicis brevis (FPB). The rest of the intrinsic 
muscles are innervated by the ulnar nerve. The radial side of the thenar eminence is innervated by the median nerve 
and the ulnar side by the ulnar nerve (adductor pollicis and deep or ulnar head of the FPB).

52. Which of the interosseous muscles abduct the fingers? Which adduct them?
The four dorsal interossei, which arise from the adjacent surfaces of the shafts of the first, second, third, and fourth 
metacarpals and insert on the proximal phalanges of the index, middle, and ring fingers, abduct the digits from the 
midline of the hand. The three volar interossei, which arise from the second, fourth, and fifth metacarpals and insert on 
the respective proximal phalanges, adduct the digits toward the midline. The tendons from these muscles lie volar to the 
axis of MP motion but dorsal to the transverse metacarpal ligament (TMCL).

53. What does the oblique retinacular ligament do?
The oblique retinacular ligament (ORL) controls and coordinates flexion and extension between the IP joints.  
It courses beneath the PIP joint and over the DIP joint. As the DIP begins to flex, the ORL tightens, delivering flexor 
tone to the PIP joint. When the PIP begins to extend, the ORL tightens, delivering extensor tone to the DIP joint. Thus it 
ensures smooth, modulated, coordinated flexion and extension to the IP joints. It has been called the “cerebellum” of 
the finger.

54. What happens to the ORL in a boutonnière deformity?
With the PIP joint in flexion and the DIP joint in extension (the boutonnière position), the ORL is lax. Therefore the ORL 
shortens (as do all ligaments in a lax position) and helps to maintain the deformity.

55. How, then, can the DIP joint be flexed while maintaining extension of the PIP joint, 
which would have to stretch the ORL?
The ORL is a very subtle, light structure that stretches and deforms somewhat to allow this type of finger motion.

56. What is the smallest extrinsic flexor tendon?
The FDS to the little finger not only is the smallest tendon but also is frequently nonfunctional or even missing.  
Its consistently small size helps to identify the individual cut ends in the spaghetti wrist.

57. Which interosseous muscles have insertions into the bases of the proximal 
phalanges?
The first, second, and fourth dorsal interosseus muscles have bony insertions from their superficial bellies/medial 
tendons.

58. Where else do the interosseous muscles insert?
All of the interosseous muscles have deep bellies/lateral tendons, which travel superficial to the sagittal bands into the 
aponeurotic expansion as transverse (dorsally across the proximal phalanges) and oblique fibers (parallel to the lateral 
bands).

59. Which individual structures are maintained in dorsal position by the transverse 
retinacular ligament of Landsmeer?
Seven tendons are held in place in the region of the PIP joint: the central slip of the extrinsic extensor, the two 
lateral bands, the two slips from the central slip to the lateral band, and the two slips from the lateral bands to the 
central slip.
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60. Which are the most important pulleys in the fibroosseous tunnel?
The finger flexor unit functions well if the A2 and the A4 pulleys are preserved. Both are needed to prevent tendon 
bowstringing. The A2 pulley is located at the proximal portion of the proximal phalanx (“proximal proximal”). The A4 
pulley is located at the middle portion of the middle phalanx (“middle middle”).

61. Why do the profundus tendons usually not retract into the palm after transection in 
the fingers?
The profundus tendons are tethered by the lumbricals in the palm and by their adjacent profundus tendons, with which 
they have a common muscle belly. In addition, they may not have avulsed their vincula and thus still may be attached to 
either the DIP or PIP volar plates.

62. Why can you not pull a superficialis tendon out through a palmar incision if you 
release it from its insertions in the middle phalanx?
The superficialis tendon does not simply divide when the profundus passes superficial to it; it reconstitutes itself 
beneath the profundus (chiasm of Camper) before dividing finally to its two insertions. This structure prevents the 
superficialis from being pulled out because it completely encircles the profundus tendon.

63. How is the long vinculum of the profundus tendon related to the short vinculum of 
the superficialis?
The vincula are folds of mesotenon carrying blood supply to both tendons. Normally, each of the profundus and 
superficialis tendons has a short vinculum (breve) and a long vinculum (longum). The vinculum longum of the profundus 
tendon traverses the vinculum breve of the superficialis tendon.

64. Where in the tendon is the longitudinal intrinsic blood supply?
It is concentrated in the dorsal (deep) aspect of the tendon, where the vincula enter.

65. How are the flexor tendons arranged in the carpal tunnel?
The profundus tendons lie side by side on its floor. The FPL is the radialmost member of this group. The superficialis 
tendons lie on the profundus tendons arranged two by two; the middle and ring finger tendons (third and fourth) are 
superficial; the index and small finger tendons (second and fifth) lie between them and the profundus row. Remember, 
34 (third and fourth) is higher (more superficial) than 25 (second and fifth) (Fig. 114-6).

66. How often is the palmaris longus tendon absent?
Approximately 15% of patients do not have a palmaris longus tendon.

67. What is the second most useful tendon for grafting in the hand?
If the palmaris longus tendon is absent, if a longer tendon is necessary, or if additional tendons are needed, the plantaris 
tendons are excellent sources of graft material.

68. If the two primary tendon graft donors are missing, what is still available?
The extensors of the toes can be used as graft material if necessary

FDS & FDP
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Radial A.

Radius Ulna
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Ulnar nerve
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Figure 114-6. Cross-section through the 
carpal tunnel. FCR, Flexor carpi radialis; FCU, 
flexor carpi ulnaris; FDP, flexor digitorum 
profundus; FDS, flexor digitorum superficialis; 
FPL, flexor pollicis longus; PL, palmaris longus. 
(From Ariyan S: The Hand Book. New York, 
McGraw-Hill, 1989, p 10, with permission.)
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Physical Examination of thE hand

 1. It takes 2 months for a complete nail plate to grow. True or false?
False. Nail plate growth is highly variable among individuals and may be modified by numerous factors. However,  
it takes approximately 6 months for a complete nail plate to grow. At 2 months after avulsion, the nail plate is visible 
only at the level of the proximal nail fold.

 2. Is it useful to have a proximal nail fold?
Kligman’s experiences have shown that the nail matrix is responsible for almost all production of the nail plate but is 
unable to control its shape. The proximodistal growth of the nail plate is, in part, controlled by the proximal nail fold, 
which limits the growth in height and forces the nail plate to grow distally. The proximal nail fold is also useful to protect 
the nail plate, which, at this level of the finger, is thin, fragile, and poorly adherent to the matrix.

 3. What is the Hutchinson’s sign? What does it mean?
Hutchinson’s sign is a dark discoloration of the nail plate and the proximal or distal nail fold. It is highly suggestive 
of a subungual melanoma.

 4. What is the function of nails?
Early medical descriptions state that nails were made for scratching, especially of the small animals that live on our 
body. Science has since shown that this is not their only function. Nails contribute to thermoregulation because of 
their richness in neurovascular glomi. Their main function is to serve as a counterpressure for the pulp that enhances 
discrimination. Patients without nails are unable to button their shirt. Nails also serve to pick up small objects and 
protect against trauma. Finally, nails have a cosmetic function. Because nails are so useful, maybe you should stop 
biting them before exams.

 5. What is the best test to appreciate the functional sensibility of the hand?
Many sensory tests have been described, but most of them are useful only to appreciate central or medullar 
neurologic lesions. To pick up and hold small objects correctly, the hand must be able to discriminate and to 
recognize various forms or textures. The best way to appreciate the functional sensibility of the hand is to test its 
discrimination.

 6. How can you appreciate the sensory discrimination of a finger pulp?
By using the two-point discrimination test described by Weber. The points of calipers are held against the skin at 
different distances from each other. The test determines the minimal distance at which the patient can distinguish 
whether one or two points are in contact with the skin. The patient must be comfortable, and the examiner must avoid 
pushing against the calipers with his/her fingers, thereby artificially increasing the pressure. The higher the pressure, 
the wider the area of skin that is deformed and stimulated. One or two points are touched in a random sequence along a 
longitudinal axis in the center of the finger tip. The American Society for Surgery of the Hand recommends seven correct 
answers out of 10 for two-point discrimination.

 7. What is the normal value for the two-point discrimination test at the pulp  
of the finger?
Values vary according to fingers and individuals. In most patients, normal values vary between 2 and 3 mm at the pulp 
of the finger. In patients employed in heavy labor, normal values are closer to 5 or 6 mm. In patients with congenital or 
acquired blindness, it may be as low as 1 to 2 mm.

 8. Why do patients with a low ulnar nerve palsy often have permanent abduction of the 
small finger? What is the name of this deformity?
This acquired deformity is known as Wartenberg’s sign. Blacker et al. showed that the extensor digiti minimi 
tendon has two bundles. The radialmost tendon passes over the center of the axis of abduction–adduction of the 
metacarpophalangeal (MP) joint or slightly radial to it. The ulnar tendon, which is the thicker of the two, passes ulnar to 
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Figure 115-2. When the patient is asked to flex the finger, 
you obtain flexion only in the proximal interphalangeal joint if 
the flexor digitorum profundus tendon is blocked. The patient 
is unable to control the motion of the distal phalanx in this 
position. This phenomenon is known as the “floating” distal 
phalanx.

the axis in most patients and gains a firm attachment to the tendon of the abductor digiti quinti. By means of these slips, 
the extensor digiti minimi has acquired a bony attachment to the tubercle of the proximal phalanx. The extensor digiti 
minimi thus has the potential to abduct the little finger through this indirect insertion.

 9. How do you test the flexor digitorum profundus tendons?
Tendons of the flexor digitorum profundus (FDP) insert on the volar aspect of the distal phalanx of the fingers. The FDP 
tendon is the only tendon that allows flexion of the distal phalanx onto the middle phalanx. To test this tendon, the 
examiner should immobilize the proximal interphalangeal (PIP) joint in complete extension and ask the patient to flex the 
distal phalanx. In patients with limited strength or mobility, it is easier to appreciate even a small amount of motion if 
you place the wrist and MP joint in complete extension (Fig. 115-1).

 10. How do you test the flexor digitorum superficialis tendons of the fingers?
Tendons of the flexor digitorum superficialis (FDS) insert on the volar aspect of the middle phalanx and flex the middle 
phalanx on the proximal phalanx. However, to examine the FDS tendon, it is mandatory to block the action of the FDP 
tendon, which is also able to flex the PIP joint after flexing the distal interphalangeal (DIP) joint. To block the FDP, the 
tendons of which arise from a common muscle belly, you need only to block the DIP joint of two or three fingers in 
extension. In doing so, you prevent the action of the FDP on the finger you wish to test. You obtain only flexion of the 
middle phalanx on the proximal phalanx without flexion of the DIP joint. During flexion of the PIP joint, the extensor 
mechanism glides distally. Patients are unable to control the motion of the distal phalanx from this position. This 
phenomenon, known as the “floating” distal phalanx, does not always hold true for the index finger, in which the FDP 
muscle belly is often independent of the three ulnar fingers (Fig. 115-2).

Figure 115-1. The flexor digitorum profundus (FDP) 
tendon allows flexion of the distal phalanx onto the middle 
phalanx. To test the FDP tendon, immobilize the proximal 
interphalangeal joint in complete extension and ask the 
patient to flex the distal phalanx.
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 11. If I try to test the FDS of the little finger as described in Question 10, why does the 
patient flex only the MP joint and not the PIP joint?
 • Approximately 15% of people do not have an FDS tendon for the little finger.
 • Another group of people (also approximately 15%) has a tendon that is not functional.
 • Some people have an FDS tendon for the little finger that is functional but highly adherent to the FDS tendon of the 
ring finger, which is maintained in extension. If you allow the PIP joint of the ring finger to flex, the patient will flex the 
PIP joint of the little finger. MP joint flexion of the little finger is provided by the flexor digiti quinti and the abductor 
digiti minimi.

 12. How can you determine whether there is an FDS in the index finger if the FDP of the 
index is independent?
There is only one test to determine whether the FDS of the index finger is present. Ask the patient to hold a sheet 
of paper between the pulp of the thumb and index. The examiner pulls on the paper while the patient tries to resist. 
Because flexion strength is provided by the FDS, in a normal finger the digit will be slightly flexed at the PIP joint and 
extended at the DIP joint as in a “pseudo-boutonnière” deformity. In a patient without an FDS tendon, the DIP joint will 
flex to resist the traction and the PIP joint will stay in extension in a “pseudomallet” deformity.

 13. In patients with rheumatoid arthritis who are unable to extend the ulnar three digits, 
what are the possible diagnoses?
 • Rupture of the extensor tendons must be suspected. Extensor tendons usually rupture after attrition on a dorsally 
subluxated ulnar head. In such cases, if you ask patients to extend the fingers, you will see no bowstringing of the 
extensor tendons beneath the skin.

 • In patients with ulnar deviation of the fingers, extensor tendons may dislocate in the intermetacarpal valleys. In such 
cases, if the MP joints are not stiff, passive extension of the fingers will allow patients to maintain the extension.

 • The rarest cause is compression of the posterior interosseous nerve at the elbow. Usually in such cases, extension is 
weak but still possible, and wrist flexion will draw the fingers into extension as a result of the tenodesis effect.

 14. How can you determine that the extensor pollicis longus tendon is intact and functional?
The extensor pollicis longus (EPL) tendon inserts on the dorsum of the distal phalanx of the thumb and is responsible for 
active extension of the distal phalanx. In most patients, its rupture leads to a flexion deformity of the IP joint and inability 
to extend the distal phalanx actively. However, extension of the intrinsic muscles of the thumb and adhesions between 
the EPL tendon and the extensor pollicis brevis (EPB) tendon give some patients the ability to achieve complete active 
extension of the IP joint even if the EPL tendon is ruptured. To be sure that the EPL tendon is intact, ask the patient to 
place his/her hand flat on a table. Then ask the patient to raise the thumb off the table (retropulsion). The EPL muscle 
is the only muscle responsible for this movement. You can also see and palpate the bowstringing of the tendon beneath 
the skin. Rupture of the EPL tendon was first described in drum players of the Prussian army, but you will probably see it 
more often in patients with Colles’ fractures.

 15. If flexion of the MP joint is limited, how can you determine whether the extensor 
tendons are adherent at the dorsum of the hand or at the wrist level?
By using the tenodesis effect. As most tendons cross several joints, it is possible to contract or relax them by changing 
the position of these joints. In the case of adhesion at the wrist level, wrist extension adds some flexion at the MP joint, 
whereas MP joint flexion does not change if the adhesion is located on the dorsum of the hand. This test is valid only if 
there is no ligamentous retraction at the MP joint.

 16. What is Allen’s test? How do you perform it?
Allen’s test evaluates the patency of the radial and ulnar arteries at the level of the wrist. The patient is asked to raise 
and clench his/her hand to exsanguinate the cutaneous vascular bed. The examiner compresses the radial artery in 
the radial groove and the ulnar artery in Guyon’s canal. The patient opens the hand without hyperextending the fingers. 
The palm appears pallid. The examiner releases one compressed artery and notes the time required for the palm to 
recover its normal color. The maneuver is repeated to evaluate the other artery.

 17. How do you determine a rotational deformity of the finger: in flexion or in extension?
In flexion. The only way to determine a rotational deformity is to ask the patient to flex his/her fingers. Because of the 
orientation of the MP and PIP joints, all of the fingers converge in flexion toward the scaphoid tubercle. Thus even a 
minor rotational deformity that may not be apparent in extension becomes obvious (Fig. 115-3).

 18. Why is DIP joint flexion more important when the PIP joint is flexed than when the 
PIP joint is extended?
This clinical test is called the Haines-Zancolli test (Fig. 115-4). Limited flexion of the DIP joint, when the PIP joint is 
maintained in extension, is due to the retaining action of the oblique retinacular (Landsmeer’s) ligament. Landsmeer’s 
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ligament inserts on the proximal phalanx and digital sheath, volar to the axis of flexion–extension of the PIP joint. It 
ends on the extensor tendon, dorsal to the axis of flexion–extension of the DIP joint. As a result, there is more stress 
on Landsmeer’s ligament in extension of the PIP joint than in flexion; thus DIP joint flexion is easier with the PIP joint in 
flexion than in extension. Landsmeer’s ligament coordinates the movement of the IP joints. It is placed under tension by 
flexion of the DIP joint, which causes simultaneous flexion of the PIP joint. The ligament is also placed under tension by 
extension of the PIP joint, which in turn causes extension of the DIP joint. Contraction of the oblique retinacular ligament 
has been described in the boutonnière deformity and Dupuytren’s disease.

19. In patients experiencing stiffness with extension of the PIP joint, which clinical test 
identifies contracture of the interosseous muscles?
The Finochietto-Bunnell test (Fig. 115-5). When the MP joint is in extension, the contracted interosseous muscles impede 
flexion of the PIP joint because of the traction exerted on the extensors. Flexion of the MP joint relaxes the extensors, 
and flexion becomes possible at the PIP joints.

20. Which clinical test is specific for de Quervain’s tenosynovitis? How is it performed?
Finkelstein’s test (Fig. 115-6). De Quervain’s tenosynovitis affects the first dorsal extensor compartment as its contents 
(abductor pollicis longus [APL] and EPB tendons) pass over the radial styloid. Ask the patient to flex the thumb into the 

Figure 115-4. The Haines-Zancolli test is considered 
positive if flexion of the distal phalanx is not possible when 
the middle phalanx is maintained in extension; it is possible 
only if the middle phalanx is flexed. A positive test is the 
result of contraction of the oblique retinacular ligament. 
(From Tubiana R: The Hand, Vol. III. Philadelphia, WB 
Saunders, 1988.)

BA

Figure 115-5. A positive Finochietto-Bunnell test in a swan neck deformity of the finger with 
intrinsic muscle contracture. When the proximal phalanx is maintained in extension, it is impossible 
to flex the middle phalanx. In cases of contraction of the intrinsic muscles, flexion of the proximal 
phalanx allows flexion of the middle phalanx. (From Tubiana R: The Hand, Vol. III. Philadelphia, WB 
Saunders, 1988.)

Figure 115-3. In the case of 
rotational deformity (fracture, malunion), 
flexion of a finger causes overlapping 
of one finger upon another in either 
a radial or an ulnar direction. (From 
Tubiana R: The Hand, Vol. I. Philadelphia, 
WB Saunders, 1988.)
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palm and to maintain it with the other fingers. The wrist is then placed in ulnar deviation, which causes a sharp pain at 
the radial styloid due to tension on the APL and EPB tendons.

21. Which clinical signs are suggestive of flexor carpi radialis tendinitis?
Flexor carpi radialis (FCR) tendinitis is not a rare disease. As in most cases of tendinitis, pain is the most frequent 
complaint and is increased by resisted active contraction and passive stretching of the muscle–tendon unit. In FCR 
tendinitis, pain is localized on the volar aspect of the wrist and frequently radiates to the forearm. Pain is increased 
by resisted wrist flexion and passive extension of the wrist. Swelling is sometimes present along the tendon of the FCR 
and must be differentiated from a wrist ganglion. Some patients complain of diffuse pain and paresthesias on the base of 
the thenar eminence secondary to irritation of the palmar cutaneous branch of the median nerve.

22. If the IP joint of the thumb is flexed, why does the DIP joint of the index finger flex 
simultaneously?
This anatomic variation, known as Linburg’s sign, is present in approximately 30% of people. It is due to adhesions in 
the carpal tunnel between the flexor pollicis longus and FDP tendons of the index finger. Flexion of the thumb sometimes 
causes other fingers to flex. This variation usually causes no functional impairment but has been described as a source 
of problems in some musicians who lack independence of the fingers.

23. In a patient who has sprained an MP joint, how can you diagnose a ligamentous 
rupture with instability?
To appreciate instability you must apply stress to the collateral ligament in adduction or abduction. However, 
 abduction–adduction laxity of the MP joint in extension is normal because the collateral ligaments are not under 
tension. If you place the MP joint in complete passive flexion, because of their eccentric insertion and the shape of the 
metacarpal head, the collateral ligaments will be under tension without laxity in either abduction or adduction in normal 
patients. Then it is easy to appreciate abnormal laxity in patients with ligamentous ruptures.

24. What are the etiologies of a swan neck deformity of the fingers?
In swan neck deformity, the PIP joint is in extension and the DIP joint in flexion. Swan neck deformity is due to excessive 
traction by the extensor apparatus inserted on the base of the middle phalanx and is favored by laxity of the PIP joint 
(Table 115-1).

Figure 115-6. Finkelstein’s test for de Quervain’s tenosynovitis. The test is positive if the patient experiences sharp pain on the radial 
styloid when you suddenly place the wrist in ulnar deviation. (From Tubiana R, Thomine JM, Mackin E: Examination of the Hand and Wrist. 
London, Martin Dunitz, 1996, with permission.)
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Table 115-1. Etiologies of Swan Neck Deformity

ORIGIN CAUSES EXPLANATION

PIP joint Volar plate deficiency Severe sprain of anterior volar plate; sequela of 
dorsal PIP dislocation; progressive stretching 
of volar plate due to synovitis, as in rheumatoid 
arthritis

Anterior structures of the 
PIP joint

Rupture of FDS tendon Rupture may be traumatic or secondary to 
synovitis, as in rheumatoid arthritis

Intrinsic muscle 
contracture

Primary muscle contracture
Secondary muscle 
contracture

Spasticity, compartment syndrome
Volar dislocation of MP joint, as in rheumatoid 
arthritis; brings intrinsic tendons into position 
dorsal to axis of MP joints; their force acts  
to increase forces of extensor apparatus

Extrinsic tendons Chronic mallet finger
Increased tension on 
extensor apparatus

To extend distal phalanx, patients increase 
tension on extensor tendon, which results in 
increased tension on central slip of extensor 
tendon
Wrist flexion deformity, as in rheumatoid 
arthritis, or destruction of proximal insertion of 
extensor communis at MP level

FDS, Flexor digitorum superficialis; MP, metacarpophalangeal; PIP, proximal interphalangeal.
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Radiologic Examination of thE hand

 1. Who performed the first radiograph of the hand?
Wilhelm Conrad Roentgen, the discoverer of x-rays, performed the first radiograph of the hand in 1895. Roentgen, then 
Professor at the University of Würzburg in Germany, subsequently was awarded the first Nobel Prize for Physics in 
recognition of his great discovery. He obtained an image of his wife’s hand using a photographic plate. This radiograph 
is widely accepted as the first radiograph of a human (Fig. 116-1).

 2. Name some of the most common causes of diagnostic errors in interpreting 
radiographs of the hand after trauma.
 • Inadequate clinical history and physical examination
 • Acceptance of poor-quality radiographs
 • Failure to recognize an abnormality that is actually present
 • Failure to obtain or insist on an adequate number of proper radiographic projections
 • Missing a second significant finding, such as another fracture, dislocation, or foreign body

 3. What is Brewerton’s view?
A radiographic projection described by D.A. Brewerton in 1967 for demonstrating involvement of the metacarpal heads 
in rheumatoid arthritis. This projection aims at profiling the second through fifth metacarpophalangeal (MCP) joints with 
no overlapping of adjacent cortical surfaces. It is sensitive for revealing early erosions due to synovial arthritis and occult 
fractures of the metacarpal heads that may not be seen on routine views.

 4. Why is Rolando’s fracture considered a significant injury?
Rolando’s fracture is a Y-shaped or comminuted fracture of the metacarpal base of the thumb that involves the 
carpometacarpal (CMC) joint and usually requires surgical stabilization (Fig. 116-2). Proper alignment may otherwise be 
difficult to maintain because of the opposing pulls of multiple tendons acting on the thumb.

Figure 116-1. First radiograph of the hand, performed 
in 1895 by Wilhelm Conrad Roentgen (Reproduced with 
permission of Siemen’s Medical Systems, Inc., Iselin,  
New Jersey.)

Figure 116-2. A 49-year-old man with Rolando’s fracture 
of the left thumb. The comminuted fracture involves the 
carpometacarpal joint, and the major shaft fragments are 
displaced radially. Internal fixation was required for stabilization.
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 5. How are intraarticular fractures of the base of the phalanges classified?
Steele’s classification consists of three categories. Type I is a nondisplaced marginal fracture. Type II is a comminuted, 
impaction fracture. Type III is a displaced intraarticular fracture with subluxation of the fracture fragments.

 6. List the radiographic hallmarks of rheumatoid arthritis (Fig. 116-3).

 7. How can the ulnar deviation deformity of rheumatoid arthritis be explained?
The pathogenesis is not fully understood. It appears to be initiated by inflammatory arthritis of the MCP joint with a rise 
in intraarticular pressure. Destruction of the ligamentous and capsular tissues results in instability of the joint. Another 
possible contributory factor is instability and ulnar displacement of extensor tendons. Ligamentous laxity of the fourth 
and fifth CMC joints, resulting in phalangeal volar descent, also may play a role.

 8. What is the pattern of involvement of primary osteoarthritis?
Primary osteoarthritis affects the proximal and distal interphalangeal joints of the digits and the CMC joint of the thumbs 
in a bilateral symmetric fashion. It is found predominantly in the hands of middle-aged and older women. Its major 
features include bone production and osteophytes around narrowed joints.

 9. Which is the most common benign bone tumor of the hand?
Enchondroma. In fact, approximately 50% of enchondromas are found in the hand. Radiographically, the tumor 
is seen as a well-defined lucent lesion in the diaphysis or metadiaphysis and may have a well-defined sclerotic 
rim. It is often expansile with a preserved cortex. The endosteal cortex typically is scalloped or has multiple small 
concavities. The presence of internal chondroid-type calcifications is considered characteristic (Fig. 116-4).

10. Why is the finding of multiple enchondromas significant?
The condition of multiple enchondromas is known as Ollier’s disease. When found in combination with soft tissue 
hemangiomas, the entity is known as Maffucci’s syndrome. Radiographically, phleboliths and soft tissue masses may be 
seen at the sites of hemangiomas. Malignant degeneration of an enchondroma to a chondrosarcoma may occur in up 
to 25% of patients with Ollier’s disease by the age of 40 years. Maffucci’s syndrome is associated with an even higher 
frequency of malignant transformation of enchondromas.

BA

Figure 116-3. A, A 65-year-old woman with rheumatoid arthritis. Erosions (arrows) of metacarpophalangeal (MCP) and proximal 
interphalangeal joints as well as the distal forearm bones are present bilaterally. Note soft tissue swelling around all MCP joints and 
joint space narrowing at all affected joints. B, Advanced rheumatoid arthritis in a 44-year-old woman. Note ulnar deviation at MCP 
joints of all digits. Bony ankylosis involves the intercarpal bones (arrows) and ulnar translation of the carpus is present, other features 
of rheumatoid arthritis.

Periarticular osteoporosis •
Periarticular soft tissue  •
swelling
Marginal erosions •

Joint space narrowing •
Proximal and bilateral symmetrical disease  •
distribution
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11. Which is the most common malignant bone tumor of the hand?
Metastases. Metastases and myeloma should be considered whenever a lytic lesion is detected in anyone over the age 
of 40 years, especially if the lesion has ill-defined margins and/or cortical breakthrough. Bronchogenic carcinoma is the 
most common origin for metastases to the bones of the hand (Fig. 116-5).

12. Besides metastases and enchondromas, what is included in the differential diagnosis 
of multiple lytic bone lesions in the hand and wrist?
Fibrous dysplasia, eosinophilic granuloma, myeloma, hyperparathyroidism (brown tumor), and infection.

13. What disorder typically produces well-defined erosions with overhanging margins?
Gout. In chronic advanced gout, tophaceous deposits are associated with intraarticular or periarticular erosions. 
These erosions are well defined, have overhanging edges (that is, the periosteal bone margins extend outside the 
normal cortical margins), and may have sclerotic margins. Tophi calcification is unusual and may reflect a coexisting 
abnormality of calcium metabolism.

14. Which disease is characterized by the combination of periarticular soft tissue 
calcification and subperiosteal bone resorption?
Hyperparathyroidism secondary to renal failure. Subperiosteal resorption is most frequently seen at the radial aspects 
of the middle phalanges of the hand and is considered a classic finding for hyperparathyroidism. In severe disease, 
terminal phalangeal resorption also may be present. When the serum calcium–phosphorus ion product is elevated, 
metastatic calcification may occur within normal tissues, particularly around joints. Chronic renal failure with secondary 
hyperparathyroidism is the most common cause of metastatic calcification and usually is seen in patients on long-term 
dialysis. The calcification may decrease or disappear with correction of the metabolic abnormality.

15. List the major causes of a short fourth metacarpal.
Trauma, infarction (e.g., sickle cell anemia), Turner’s syndrome, pseudohypoparathyroidism, 
pseudopseudohypoparathyroidism, idiopathic shortening, and multiple exostoses.

16. What is the best way to image complex regional pain syndrome?
Three-phase bone scintigraphy. All phases should have abnormal increased uptake. The 3-hour delayed images of 
bone scintiscans have 96% sensitivity and 97% specificity for the diagnosis of complex regional pain syndrome (CRPS; 
formerly referred to as reflex sympathetic dystrophy [RSD]). There is diffuse increased isotope uptake around the 
radiocarpal, intercarpal, CMC, MCP, and interphalangeal joints (Fig. 116-6). Radiographically, CRPS may manifest as 
severe osteoporosis and soft tissue swelling.

Figure 116-4. Enchondroma of the proximal phalanx of the 
left ring finger in a 58-year-old woman. The lesion contains 
typical punctate internal calcifications and expands the bone 
with preservation of the cortex. Scalloping (arrows) involves the 
endosteal surface of the overlying cortex.

Figure 116-5. Distal phalangeal metastasis in a 67-year-old man. 
Note bony destruction with associated soft tissue mass, normal 
mineralization of the adjacent phalanx, and relatively preserved distal 
interphalangeal joint (or “adjacent interphalangeal joint”).
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17. Does ultrasound have a role in imaging tendons?
Most definitely. By using a high-frequency linear transducer with a stand-off pad, high-resolution images of the 
tendons can be obtained (Fig. 116-7). The tendons have a general hypoechoic appearance with multiple longitudinal 
internal fibers. Flexing and extending the finger allow identification and dynamic evaluation of the individual 
tendons. Indications include tenosynovitis, localized tendinitis, tendon rupture, and functional assessment of 
repaired tendons.

18. Is magnetic resonance imaging useful in staging soft tissue tumors?
Yes. In fact, magnetic resonance imaging (MRI) currently is the modality of choice for tumor staging because it provides 
exact information about the location and extent of the tumor and its relationship to the surrounding tissues, particularly 
the neurovascular structures. This information is important for treatment planning.

Figure 116-6. Bone scintiscan (3-hour delay) of a 
30-year-old man with reflex sympathetic dystrophy of the 
left hand. Note diffuse increased isotope uptake at the 
wrist and proximal finger joints. The first two phases also 
displayed increased isotope uptake.

A

B

Figure 116-7. Longitudinal ultrasound scans of the finger extensor 
tendons in two different patients. A, Normal tendon in a 64-year-old 
man has a smooth regular outline (arrowheads) with fine linear internal 
echoes. B, Repaired tendon in a 23-year-old man shows an echogenic 
focus (arrows) at the repair site. Range of motion was normal.

A B

Figure 116-8. A, Lipoma of the 
first web space in a 53-year-old 
woman. Sagittal T1-weighted magnetic 
resonance image shows the typical 
homogeneous high-signal intensity of a 
well-defined fatty lesion (arrows). The 
lesion signal intensity is similar to that 
of the subcutaneous and marrow fat. B, 
Acute synovitis and synovial hyperplasia 
of the left long finger in a 52-year-old 
woman. Coronal T2-weighted magnetic 
resonance image shows increased signal 
of the thickened synovium of the tendon 
sheath (arrows).
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CONTROVERSIES

19. Can MRI provide a specific tissue diagnosis of soft tissue tumors?
Most soft tissue tumors in the hands are benign. From the combination of signal characteristics on different pulse 
sequences and morphologic appearances, certain benign tumors can be diagnosed with confidence on MRI, including 
lipoma, giant cell tumor of the tendon sheath, hemangioma, arteriovenous malformation, and ganglion cyst (Fig. 116-8). 
For benign tumors with atypical appearances or lesions that do not fit into the list given, malignancy cannot be excluded. 
Plain radiographs should always be evaluated in conjunction with MR images because calcifications, ossification, and 
cortical abnormalities may be missed on MRI.

20. Does MRI have a role in monitoring the treatment response of inflammatory 
arthropathies?
Potentially. The role of MRI is evolving. Inflamed synovium can be demonstrated on T2-weighted images. Subtle changes 
in the synovium, articular cartilage, and bone can be detected before they are apparent radiographically. Use of dynamic 
gadolinium-DTPA enhancement to identify active pannus appears to be a promising technique. MRI may help in early 
diagnosis, identify poor prognostic factors, and aid in the monitoring of response to therapy.
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ANATOMY AND TECHNIQUES

 1. Describe the relevant anatomy for upper extremity brachial plexus blocks.
The brachial plexus is formed by the anterior primary divisions of the fifth to eighth cervical nerves and the first 
thoracic nerve, with frequent contributions from the fourth cervical and second thoracic nerves (Fig. 117-1). The 
cervical nerve roots reorganize into superior, middle, and inferior brachial plexus trunks. The trunks undergo a 
separation into anterior and posterior divisions. As these divisions enter the axilla, they give way to cords, now 
oriented as the lateral, medial, and posterior cords. At the lateral border of the pectoralis minor muscle, the three 
cords reorganize to give rise to the peripheral nerves of the upper extremity. These include the musculocutaneous, 
median, ulnar, and radial nerves.

 2. What is the concept of “plexus anesthesia”?
The concept of “plexus anesthesia” provides a system of single-injection techniques for blocking the brachial plexus. 
The concept is based on the fact that a fascial envelope, which extends continuously from the intervertebral foramina 
to the distal axilla, invests the brachial plexus. This fascial sheath may be entered with a single injection of a local 
anesthetic, and the extent of anesthesia that develops depends on the level of injection and the volume of local 
anesthetic injected at that level.
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Figure 117-1. Schematic representation of the formation and distribution of the brachial plexus and the level at which the various 
components leave the sheath. (From Winnie AP: Plexus Anesthesia, Vol 1. Philadelphia, WB Saunders, 1990.)
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 3. What parts of the brachial plexus are anesthetized by the interscalene, subclavian 
perivascular, infraclavicular, and axillary techniques of brachial plexus block?
The interscalene block anesthetizes the roots, the subclavian perivascular block the trunks, the infraclavicular block the 
cords, and the axillary technique the terminal nerves of the brachial plexus.

 4. What is the interscalene groove, and how is it located?
The interscalene groove is the groove located between the anterior and middle scalene muscles. The block needle is 
inserted in this groove at the level of C6 (which is determined by extending a line laterally from the cricoid cartilage) 
when performing an interscalene or subclavian perivascular block. To locate this groove, the patient is placed in the 
supine position with the head turned opposite to the side to be blocked. The patient is instructed to raise his/her head 
slightly to make the sternocleidomastoid muscle prominent. The anesthesiologist then palpates the posterior border of 
the sternocleidomastoid muscle and asks the patient to relax. The palpating fingers are rolled laterally across the belly of 
the sternocleidomastoid muscle until the interscalene groove is located.

 5. Although the block needle enters the interscalene groove for both the interscalene 
and subclavian perivascular blocks, the needle direction differs for the two blocks. 
Describe the needle direction for each.
For the interscalene block, the block needle is inserted in the interscalene groove in a direction that is perpendicular to 
the skin in every plane, with a slight caudad direction. For the subclavian perivascular block, the block needle is inserted 
in the interscalene groove in a directly caudad direction.

 6. How is the correct location of the needle in the interscalene or subclavian 
perivascular space identified?
Elicitation of a paresthesia in the distribution of the brachial plexus roots (interscalene block) or trunks (subclavian 
perivascular block) indicates the correct needle position within the brachial plexus fascia. The patient may describe the 
paresthesia as an electric shock sensation in the arm or hand. A nerve stimulator may also be used to identify correct 
needle placement. With this technique, the negative terminal of the nerve stimulator is attached to the block needle and 
the positive electrode is attached to an electrode on the side of the chest opposite to the arm that is being anesthetized. 
The needle is advanced until a muscle contraction in the arm or hand identifies the part of the brachial plexus being 
stimulated. The needle is then advanced until the maximal contraction is identified.

 7. Besides the subclavian perivascular and interscalene blocks, what other brachial 
plexus blocks are performed above the clavicle? Describe how these blocks are 
performed.
The classic supraclavicular block and a modification of this block, the so-called “plumb bob” technique, are also 
performed above the clavicle. In the classic supraclavicular block, the midpoint of the clavicle is identified and the 
needle is introduced posterior to the subclavian artery in a caudad direction until bone is encountered. The needle is 
systematically walked anteriorly and posteriorly along the rib until a paresthesia is elicited, indicating that the brachial 
plexus has been located. In the “plumb bob” technique, the block needle is introduced at the point at which the lateral 
border of the sternocleidomastoid muscle inserts into the clavicle. It is introduced in a posterior direction (toward the 
floor in a supine patient), and, if necessary, the needle can be rotated in small steps through an arc of approximately 30° 
in a more cephalad or caudad direction, following the line of insertion that a plumb bob would generate (Fig. 117-2).

 8. How is an infraclavicular block done?
The needle is inserted 2 cm below the midpoint of the inferior clavicular border and is advanced laterally. Marking a line 
between the C6 tubercle and the brachial artery through the midclavicle with the arm abducted is helpful in visualizing 
the course of the plexus and the needle direction. This block requires a longer needle than with the other techniques 
because it is introduced in a location more distant from the brachial plexus.

 9. What other techniques of infraclavicular block are described, and how are they 
performed?
One approach identifies the midpoint of a line drawn between the jugular notch and the ventral apophysis of the 
acromion. The needle is introduced beneath the clavicle in a posterior direction. A modification of this technique, known 
as the coracoid approach, uses the coracoid process (located by placing two fingers in the groove between the deltoid 
and pectoralis major muscles, and gently palpating laterally) as a landmark. In this technique, the needle is inserted  
2 cm medial and 2 cm caudad to the coracoid process and is advanced posteriorly.

 10. Describe the axillary technique of brachial plexus block.
For an axillary block, the patient is placed in the supine position with the arm abducted to 90° and the forearm flexed, 
with the dorsum of the hand lying on the table next to the patient’s head. The axillary artery is palpated and followed 
proximally until it disappears under the pectoralis major muscle. With the index finger over the pulse, the brachial plexus 
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sheath is penetrated with the block needle and the needle is advanced until one of four endpoints is achieved.  
(1) A distinctive click is felt as the needle penetrates the brachial plexus sheath, with the short bevel of the block needle 
contributing to the perception of the click. (2) A paresthesia is elicited in the distribution of the median, radial, or ulnar 
nerves. (3) Arterial blood is aspirated indicating puncture of the axillary artery. When arterial blood is aspirated, the block 
needle may be advanced and the injection made behind the artery, or alternatively half of the local anesthetic can be 
injected behind the artery and half injected after withdrawing the needle to the front of the artery. (4) A nerve stimulator 
can be used to localize nerves within the axillary sheath. The specific muscle twitch response that is elicited identifies 
the nerve being stimulated. A contraction of an appropriate muscle group in the hand or forearm at a current of 0.5 A or 
less indicates proper placement of the block needle within the brachial plexus sheath.

11. Besides a nerve stimulator, what additional tool is being used to facilitate placement 
of brachial plexus blocks?
Ultrasound is now gaining momentum among many to facilitate placement of brachial plexus blocks. This technique can 
help identify vascular and neural structures and may make our techniques more predictable.

12. What is the “multiple compartment” concept?
Some authors (Thompson and Rorie) have described the presence of septae extending inward from the brachial plexus 
sheath, which create multiple compartments around the neurovascular bundle. These septae inhibit the spread of local 
anesthetic when it is deposited in a single injection technique (as popularized by Winnie). However, other authors 
have not observed septae or have found them to be thin and incomplete.

13. What is the advantage of using a catheter technique for brachial plexus block, and 
how is it done?
The insertion of a catheter allows repeated injections of local anesthetic for long surgical procedures. In addition, 
continuous infusions of analgesic concentrations of local anesthetic may be continued for postoperative pain relief.  
A blunt tip needle and catheter set (Contiplex) can be used, with identification of a “fascial click” to signify entrance into 
the brachial plexus sheath. The proper position of the catheter can be tested by injecting 2 to 4 mL of cold (refrigerated, 
4°C to 6°C) normal saline through the catheter. This will elicit a short but distinct cold paresthesia into the arm and/or 
hand, indicating correct position of the catheter. Alternatively, paresthesia or nerve stimulator techniques can be used to 
identify correct placement of the advancing needle.

CHOICE OF LOCAL ANESTHETIC

14. What determines the choice of local anesthetic for brachial plexus block?
The local anesthetic is chosen based on the desired duration of anesthesia, the necessity of motor block, and 
any history of local anesthetic allergy. Lidocaine and mepivacaine are useful for outpatient surgical procedures 
when the desired duration of surgical anesthesia is 2 hours or less. For longer procedures, bupivacaine 0.5% 
or ropivacaine 0.5% may be used. The addition of epinephrine in a concentration of 1:200,000 is useful in 

Figure 117-2. Blockade of the 
brachial plexus via the “plumb 
bob” supraclavicular technique. 
(From Mulroy MF, Thompson GE: 
Supraclavicular approach. In Hahn MB,  
McQuillan PM, Sheplock GJ [eds]: 
Regional Anesthesia: An Atlas of 
Anatomy and Techniques, St. Louis, 
Mosby, 1996, pp 101–106.)
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prolonging the duration of local anesthetic action. It is also useful for early detection of an intravascular injection, which 
is particularly beneficial in a technique such as the transarterial technique of axillary block, in which the axillary 
artery is deliberately punctured. Bupivacaine, or the newer local anesthetic ropivacaine, is useful for long 
procedures (when greater than 4 hours of surgical anesthesia is necessary) or when prolonged postoperative 
anesthesia is desirable.

15. What is ropivacaine, and what is its advantage over bupivacaine?
Ropivacaine and 5-bupivacaine are the only local anesthetics prepared as the pure s-isomer rather than a racemic 
mixture. Toxicity studies show that ropivacaine is less cardiotoxic than bupivacaine, although ropivacaine still possesses 
some dysrhythmogenic potential. In a concentration of 0.5%, it is an effective agent for brachial plexus block with an 
onset and duration similar to bupivacaine. Both are long-acting agents that produce profound sensory and motor block.

16. What is the purpose of “alkalinization” of a local anesthetic?
Alkalinization of local anesthetics has been used to improve onset time and with brachial plexus blocks has produced 
conflicting results. The principle is that raising the pH increases the percentage of the local anesthetic present in the 
nonionized free base form. It is this form that crosses the nerve cell membrane to reach the site of action of local 
anesthetics.

COMPLICATIONS OF BRACHIAL 
PLEXUS BLOCK

17. What are some potential complications associated with interscalene block?
Some of the main complications of interscalene block include subarachnoid injection, epidural injection, injection into 
the vertebral artery, pneumothorax, cervical sympathetic block (Horner’s syndrome), recurrent laryngeal nerve block 
(hoarseness), and phrenic nerve block. Complications that may occur with each technique of brachial plexus block 
include local anesthetic overdose, allergic reaction to the local anesthetic, intravascular injection, hematoma formation, 
and nerve trauma.

 18. What is the mechanism of phrenic nerve block, how can it be diagnosed, and how 
common is it following interscalene block?
Phrenic nerve block may result from diffusion of local anesthetic cephalad to involve the more proximal cervical roots 
(C3, C4, and C5) or may be a consequence of an improperly performed block with local anesthetic deposited outside the 
brachial plexus sheath, anterior to the anterior scalene muscle. Ultrasonography or conventional x-ray technique may 
diagnose it. One study noted a 100% incidence of ipsilateral hemidiaphragmatic paresis diagnosed by ultrasonography 
in a group of patients receiving interscalene blocks. Although generally no treatment is required for phrenic nerve block, 
decreases in pulmonary function (approximately 25% decrease in forced vital capacity and forced expiratory reserve 
volume at 1 second) do occur. Therefore interscalene blocks should be avoided in patients who cannot tolerate this 
reduction in pulmonary function, particularly patients in whom the opposite hemidiaphragm is already paralyzed.

 19. How is injection into the vertebral artery and epidural or subarachnoid spaces 
avoided with an interscalene block?
Careful aspiration prior to injection and a slight caudad needle direction lessens the likelihood of inadvertent vertebral 
artery, epidural, or subarachnoid injection.

 20. If the subclavian artery is punctured when performing a subclavian perivascular 
block, the block needle should be redirected in which direction to locate the brachial 
plexus trunks?
The needle should be redirected more dorsally because the subclavian artery lies anterior to the trunks of the 
brachial plexus.

 21. How is the risk of pneumothorax minimized when performing a subclavian 
perivascular block?
The principal cause of this complication is a needle direction that drifts medially toward the cupula of the lung; thus this 
direction should be avoided.

 22. How is a pneumothorax treated if it develops as a complication of interscalene or 
subclavian perivascular brachial plexus block?
If the pneumothorax is small, the patient can be given oxygen and observed, provided positive pressure ventilation does 
not have to be initiated for general anesthesia with a failed block. If the pneumothorax is larger than 20%, aspiration 
through a small-gauge catheter followed by patient observation often is all that is necessary. Rarely, a chest tube is 
required for reexpansion of the lung.
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 23. What nerve distribution is frequently missed when an interscalene block is performed?
The ulnar nerve distribution may be difficult to anesthetize with an interscalene block because the block is performed at 
the level of C6, which is cephalad to the derivation of the ulnar nerve (C8-T1).

 24. Name some advantages of axillary block compared with interscalene or subclavian 
perivascular block.
An axillary block is performed remote from the neck and thorax; thus the site-related complications of blocks carried out 
above the clavicle are avoided. These include cervical sympathetic block, phrenic nerve block, recurrent laryngeal nerve 
block, and vertebral, epidural, and subarachnoid injection. The location of the nerves of the brachial plexus is superficial 
in the axilla, leading to relatively easy identification of anatomic landmarks. One disadvantage of axillary block is that 
the volume of local anesthetic required is larger than for an interscalene or subclavian perivascular block.

 25. What nerves are frequently missed with an axillary block and why?
The musculocutaneous nerve is frequently missed with an axillary block because the musculocutaneous nerve leaves 
the brachial plexus high in the axilla, which may be proximal to the insertion of the block needle. Thus the local 
anesthetic may not reach the nerve, particularly if a low-volume technique is used. If block of the musculocutaneous 
nerve is necessary, a separate injection is made by reinserting the needle superior to the axillary artery and injecting 
5 to 8 mL of local anesthetic into the substance of the coracobrachialis muscle. The intercostobrachial nerve is 
derived from T2, which is not a part of the brachial plexus and must be blocked separately. This nerve is blocked by 
a subcutaneous skin wheal superficial to the axillary artery pulse, from the anterior to the posterior axillary fold. This 
injection also blocks the medial brachial cutaneous nerve, which also leaves the brachial plexus high in the axilla. Block 
of the intercostobrachial and medial brachial cutaneous nerves provides analgesia of the upper, inner aspect of the arm 
and allows the more comfortable use of a pneumatic tourniquet.

 26. If a postoperative nerve deficit develops and you suspect it may have been caused 
by the anesthetic, what should be done?
A careful neurologic examination should be performed and its results documented. An electromyogram (EMG), if done 
within 3 weeks of the injury, may be helpful in establishing preexisting pathology if there is evidence of denervation of 
muscles. The EMG should be repeated 3 weeks after the block and surgery. If a patient had a normal preoperative study 
or a normal EMG soon after surgery but developed an abnormal EMG 3 weeks after the performance of the block, then 
the block or surgical procedure (related to the procedure itself or other incident at the time of surgery, such as improper 
positioning or tourniquet use) may be the cause of the nerve damage.

BLOCKS AROUND THE ELBOW

27. Describe how the ulnar, median, and radial nerves can be blocked around the elbow.
The ulnar nerve is blocked behind the medial epicondyle, where it is palpable, using a 1.5-cm, 25-gauge needle and 
5 mL of the local anesthetic agent. Avoid impaling the nerve on the bone to prevent damage to the nerve.

The median nerve is blocked by introducing a 3.8-cm, 22-gauge short-beveled needle medial to the artery, slightly 
above the level of a line drawn between the epicondyles. The nerve is identified by paresthesias or by using a nerve 
stimulator and 5 to 10 mL of local anesthetic is injected.

The radial nerve is blocked 3 to 4 cm above the lateral epicondyle, where it is close to the distal humerus, after piercing 
the lateral intermuscular septum. A 3.8-cm, 22-gauge needle is introduced at this level, and 5 to 10 mL of local 
anesthetic is injected after the nerve is identified by paresthesias or by use of a nerve stimulator.

WRIST BLOCKS

28. How are wrist blocks performed?
The median nerve is blocked by inserting a 1.5-cm, 25-gauge needle between the palmaris longus and the flexor 
carpi radialis tendons at the level of the ulnar styloid process or the proximal crease of the wrist. In the absence of 
the palmaris longus, the needle is inserted on the ulnar side of the flexor carpi radialis tendon. After a paresthesia is 
obtained, 5 mL of local anesthetic is injected, taking care to inject the local anesthetic around the nerve rather than 
directly within the substance of the nerve.

The ulnar nerve is blocked by inserting a 1.5-cm, 25-gauge needle at the level of the proximal crease of the wrist, just radial 
to the flexor carpi ulnaris tendon, which is made prominent by active flexion of the wrist. After obtaining a paresthesia, 5 mL 
of local anesthetic is injected, again taking care not to inject directly within the substance of the nerve. The dorsal cutaneous 
nerve can be blocked by subcutaneous infiltration of approximately 5 mL of local anesthetic beginning at the site where the 
ulnar nerve was blocked and extending the infiltration to the midpoint of the dorsum of the wrist.
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The superficial branch of the radial nerve is blocked by a subcutaneous infiltration starting radial to the radial artery and 
extending around to the midpoint of the dorsum of the wrist, using 5 to 7 mL of local anesthetic.

DIGITAL NERVE BLOCKS

29. Why should a ring block for anesthetizing a digit be avoided?
A circumferential block around the base of the digit can result in compartment syndrome producing gangrene, even 
if no vasopressor drug has been added to the local anesthetic.

30. How can a digital block be obtained?
A volar approach can be used in which a skin wheal is made directly over the flexor tendon just proximal to the distal 
palmar crease, and 2 to 3 mL of local anesthetic without epinephrine is injected on each side of the flexor tendons 
where the digital neurovascular bundles are located.

In the dorsal approach, which is a less painful method of blocking the digital nerves, the needle is inserted to the side of 
the extensor tendon, just proximal to the web. A skin wheal is made, and 1 mL of local anesthetic is injected superficial 
to the extensor hood to block the dorsal nerve. The needle is advanced toward the palm until its tip is palpable beneath 
the volar skin at the base of the finger, just distal to the web. Another 1 mL of local anesthetic is injected here to block 
the volar digital nerve. Before the needle is removed, it is redirected across the extensor tendon to the opposite side of 
the finger, and a small skin wheal is made overlying the other dorsal digital nerve. The needle is then withdrawn and 
reintroduced into the skin wheal on the opposite side of the finger, and the same technique is repeated. Care should be 
taken with this technique to use small amounts of local anesthetic to avoid creating a circumferential ring block, which 
can result in vascular impairment of the digit.

INTRAVENOUS REGIONAL ANESTHESIA 
(BIER BLOCK)

31. Describe the technique for performing a Bier block.
A dual tourniquet is placed on the upper arm of the side to be blocked. An intravenous line is placed with a 20-gauge 
plastic cannula and a heparin lock attached. The arm is elevated and exsanguinated with an Esmarch bandage, 
starting from the fingers all the way up to the tourniquet. The proximal tourniquet is inflated, and the Esmarch bandage 
is removed. The local anesthetic is slowly injected through the cannula. Lidocaine (3 mg/kg given as 0.5% without 
preservative) provides anesthesia within 4 to 6 minutes and lasts as long as the tourniquet is inflated. The proximal 
tourniquet is left inflated for 20 minutes or until the patient notices some discomfort. The distal tourniquet is inflated, 
and, when its inflation is confirmed, the proximal tourniquet is deflated. Because the distal tourniquet is applied over 
an anesthetized area, the patient is not likely to experience any discomfort for approximately 40 minutes. At the 
completion of the surgical procedure, the tourniquet is deflated for 15 seconds, reinflated for 30 seconds, and deflated 
again, especially if the duration of anesthesia was 20 minutes or less. If the procedure lasts longer than 40 minutes, the 
tourniquet can be safely deflated without reinflation.

32. What are the advantages of a Bier block?
Technically, the Bier block is very easy to perform and is suitable for outpatient surgery. Bilateral blocks can be done 
safely. Rapid return of motor function enables the surgeon to evaluate the results of the procedure.

33. List some disadvantages of the Bier block technique.
 • Tourniquet Pain. Even with use of the double cuff, pain due to the tourniquet limits use of this procedure in operations 
lasting more than 1 hour.

 • Problems with Tourniquet Release. When the tourniquet is released, a large bolus of anesthetic enters the systemic 
circulation. This brief elevation of local anesthetic blood level may produce systemic toxic reactions, including 
convulsions and cardiac irregularities. The longer the tourniquet remains inflated, the lower the anesthetic blood 
level. If the cuff is released for 15 seconds, reinflated, and then released again, it will lower the peak blood level 
and decrease the possibility of systemic reaction. However, if the tourniquet pressure is decreased gradually, when 
it reaches a pressure below arterial pressure and above venous pressure, local anesthetic enters the circulation 
producing toxic blood levels.

 • Loss of Anesthesia after Cuff Deflation. If the surgeon wants to attain hemostasis and then close the wound, there is 
only 5 to 10 minutes of postdeflation analgesia, which may be inadequate in some procedures.

 • Equipment Problems. Equipment must be tested and the tourniquet calibrated prior to use. Once the tourniquet 
is inflated, the local anesthetic is injected only after the absence of the radial pulse is confirmed. If the proximal 
and distal cuffs are not properly identified and labeled as such, tourniquet pain is likely to be a problem. Constant 
vigilance is necessary to ensure that the equipment is in working order and to avoid accidental disconnection and 
deflation of the cuff.
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Congenital anomalies

 1. At what age of development does the limb bud appear? When are digital rays evident?
Streeter divided human embryonic development into 23 stages. Limb development and differentiation are rapid 
processes that occur between the third and eighth postovulatory weeks. The limb bud, called Wolff’s crest, is well 
defined at day 30. It is a ventral swelling mesoderm covered by a thick layer of ectoderm, called the apical ectodermal 
ridge (AER). By day 41 digital rays are present, and by day 48 joint interzones are evident histologically. Usually by the 
time the expectant mother is sure that she is pregnant, most of the upper limb differentiation has been completed.

 2. What does syndactyly mean? Is it the most common congenital anomaly?
Syndactyly (Greek: syn = together, dactyly = finger) is commonly used to describe webbed digits and is the second most 
common congenital anomaly. The most common are duplications, particularly preaxial or thumb duplications in the Asian 
population and postaxial or ulnar duplications in African-American and Native-American populations. The incidence of 
duplications varies according to the population but overall occurs in 3.8:1000 to 12:1000 live births.

 3. What type of correction is best for syndactyly?
No one repair is absolutely best. More than 60 methods have been described in the literature, and most use the same 
basic surgical principles. The surgeon must be comfortable with a few repairs that she/he learns to do well and not 
experiment with each case.

 4. What are the principles of syndactyly correction?
 • Use of full-thickness flaps for commissure reconstruction
 • Zigzag incisions on the palmar surface
 • Use of full-thickness skin grafts
 • Equal division of flaps between each partner digit
 • Meticulous, atraumatic technique
 • Adequate postoperative immobilization
 • Staged release of the radial and ulnar sides of a digit; release of both sides during one procedure may compromise 
the vascular supply to the digit

When operating on young children, it is important to work under general anesthesia and to use a pneumatic tourniquet 
and absorbable 6-0 or 5-0 chromic suture material.

 5. What are the most common problems after syndactyly correction?
Infection, graft or flap maceration, and graft loss are almost always related to the child’s activity and/or inadequate 
immobilization. Surgeons with children of their own do not hesitate to protect operated limbs in a long arm cast 
extending well proximal to the elbow flexed at 90°. Single residents without children do not always appreciate the 
problems that most parents encounter with controlling active young children. Early problems also may occur after 
children wet their casts or dressings in bathtubs or swimming pools.

Long-term problems include recurrence of the webbing or “web creep,” which is related to scar contracture at the 
base of the commissure or along the incision lines. Zigzag incisions are intended to reduce this potential contracture. 
Skin grafts often are hyperpigmented and, if harvested within the hair-bearing escutcheon, may become hirsute during 
adolescence. Inadequate correction of the first web release may be obtained with tight contractures, which can be 
widened only with additional soft tissue.

 6. What is the most important web space in the hand?
The thumb–index or first web space is unquestionably the most important. Of all techniques described for correction of 
congenital hand anomalies, release of the first web space is the most significant functionally and aesthetically. In a pure 
analysis, a “basic hand” has three components: a mobile digit or thumb on the radial side, a first web space, and a post 
or digit on the opposite side of the hand.
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 7. What is the best method for surgical release of the first web space?
The surgeon must learn to use one or two methods well. For minimal to moderate contractures, the four-flap Z-plasty 
provides the greatest release and maintains the best concavity between the thumb and index metaphalangeal (MP) 
joints. A single Z-plasty and the five-flap Z-plasty, also called the “jumping man,” are good alternatives. Many varieties 
of dorsal rotational flaps from the thumb or index metacarpal regions have been described with the use of skin grafts. 
These techniques are not preferred because they leave a conspicuous skin graft in a visible position of the hand. These 
local flaps are indicated in complex problems such as the Apert hand.

For severe contractures, soft tissue is often needed. Free tissue transfers in infants or young children often 
are cumbersome and technically difficult. Distally based forearm (radial artery or dorsal interosseous artery) 
fasciocutaneous flaps have been described for children with arthrogryposis, windblown hands, and hypoplastic thumbs 
with tight contractures and are advised for use by experienced surgeons.

 8. What contributes to thumb–index contracture?
Tight skin is the most obvious etiology, but tight investing fascias of the first dorsal interosseous and adductor pollicis 
muscles almost always are found and must be excised. Often a tight band is present between the two muscles. 
Occasionally, a tight thumb carpometacarpal (CMC) joint may be found; it usually is suspected on physical examination.

 9. How is syndactyly clinically classified?
The level of webbing between digits is complete if it extends to the fingertip and incomplete with a more proximal 
termination. A simple syndactyly refers to soft tissue connections between adjacent digits, whereas complex refers to 
bone or cartilaginous unions. Complicated refers to abnormal duplicated skeletal parts within the interdigital space 
(Fig. 118-1). The most common pattern is bilateral simple, incomplete syndactyly of the long and ring fingers. Many 
such patients have a simple syndactyly involving toes 2 and 3 on one or both feet.

 10. Do children need more surgery after syndactyly repair?
There is always a chance that contractures will require future correction. The literature cites a secondary operation rate 
of approximately 10%. The incidence is much higher in complex and complicated cases and in cases with postoperative 
complications. There is a direct relationship between carefully planned and executed surgery and a low complication 
rate. Children and adults with central complex polysyndactyly invariably need secondary corrections. This variety is the 
most difficult to treat.

 11. Geneticists and pediatricians use the terms malformation, deformation, and 
disruption. What do they mean?
The dysmorphology approach to congenital anomalies divides defects into one of three sequences, which are defined as 
problems that lead to a cascade of events:

 • In a malformation sequence, poor formation of tissue within the fetus initiates the chain of defects, which may 
range from minimal to severe. All gradations of radial dysplasia, ranging from absence of the thenar muscles 
to complete absence of the radius resulting in the club hand posture, are examples. Occurrence rate is in the 
5% range. Radial dysplasias also are associated with malformation in other organ systems, such as the VATER 
association (vertebral anomalies, anal atresia, tracheoesophageal fistula, renal anomalies, and radial dysplasia) and 
Holt-Oram syndrome (radial dysplasia and congenital heart disease).

 • The deformation sequence involves no intrinsic problem with the fetus or embryo; instead, abnormal external 
mechanical or structural forces cause secondary distortion or deformation. Tethering or constriction of limb parts 
by anular bands in the constriction ring syndrome is a prime example. The occurrence rate is very low.

 • In the disruption sequence, the normal fetus or embryo is subjected to tissue breakdown or injury, which may be 
vascular, infectious, mechanical, or metabolic in origin. The hand deformities associated with maternal ingestion of 
thalidomide or alcohol are good examples.

Simple, incomplete Simple, complete Complex Complicated

Figure 118-1. Classification of syndactyly. (From Upton J: Congenital anomalies of the hand and 
forearm. In McCarthy JG, May J, Littler JW [eds]: Plastic Surgery. Philadelphia, WB Saunders, 1990, p 5280.)
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 • Often the patient’s problem cannot be explained by a single initiating factor. When the cause of a defect is 
unknown, the term malformation is preferred. Multiple defects are usually referred to as a malformation syndrome.

 12. What is the relative incidence of congenital hand duplications? How are they 
clinically classified?
Duplications are the most common anomalies in all large series. They are classified by their position within the hand 
as preaxial (radial), central, or postaxial (ulnar). In the United States, duplication is most prevalent among African 
Americans, who have an extremely dominant inheritance pattern with a frequency of 1:300 live births and a predilection 
for the postaxial border of the hand. In contrast, Caucasians and Asians primarily have preaxial duplication at a rate of 
1:3000 live births (see Question 2).

Preaxial thumb duplications are classified into six categories by the level of the duplications. Type II at the 
interphalangeal (IP) joint and type IV at the MP joint are the most common. The more proximal varieties, type V at the 
thumb metacarpal level and type VI at the CMC joint level, are uncommon. Additional designations are made if there is 
an extra phalanx (delta phalanx) or a triphalangeal partner (type VII). Triphalangeal thumbs are unusual and well beyond 
the experience of most residents (Fig. 118-2).

Central duplications are unusual and account for less than 10% of all duplications; they have no systematic clinical 
classification system. Because central duplications are often associated with webbing, the term synpolydactyly is used.

Postaxial duplications of the fifth ray are divided into three categories. Type I is characterized by a soft tissue nubbin 
with a skin bridge. Skeletal connections are present in type II, and a complete duplication of the entire ray is seen in 
type III (Fig. 118-3). Most cases are type I.

 13. Is any special workup needed in newborns with a duplication?
In most cases, no. Thumb duplications may have a positive inheritance pattern and are common in Caucasian and 
Asian populations, whereas fifth finger duplications are extremely common in African-American and Native-American 
populations. When the opposite is seen, a workup is in order. More than 30 syndromes are associated with postaxial 
duplications, primarily in non–African-American populations. Conversely, an African American with thumb duplication 
and negative family history may have a syndrome such as fetal alcohol syndrome. Referral to a geneticist is in order.

I II III IV V VI VII

Figure 118-2. Classification of 
thumb duplications based on the level 
of duplication. Type VII describes the 
triphalangeal thumb. (From Upton J: 
Congenital anomalies. In Jurkiewicz M, 
Krizek TJ, Mathes SJ, Ariyan S [eds]: 
Plastic Surgery: Principles and Practice. 
St. Louis, Mosby, 1990, p 573.)

A B C

Figure 118-3. Classification of polydactyly (postaxial) demonstrates digits with no skeletal attachment—type I (A), skeletal connections—
type II (B), and complete duplication of the entire ray, including the metacarpal bone—type III (C). (From Upton J: Congenital anomalies of the 
hand and forearm. In McCarthy JG, May J, Littler JW [eds]: Plastic Surgery. Philadelphia, WB Saunders, 1990, p 5345.)
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 14. How do you treat a newborn in the nursery with a type I floppy nubbin attached to 
the fifth finger?
Pediatricians like to “tie them off” with a suture. Type I duplications with large skin bridges often do not fall off. Many 
such children present to the dermatologist 8 years later with a bump at the site of duplication, which is misdiagnosed 
as a wart. The “wart” does not respond to application of a triple acid ointment or solution. This lump is a cartilaginous 
remnant or scar. Simple excision and closure with one or two sutures under local anesthesia in the newborn nursery is a 
more appropriate option.

 15. Which side of a thumb duplication should be preserved?
The correct answer depends on which thumb has the better parts. In most patients the radial of the two partners is the 
more hypoplastic and is ablated. In some more proximal type V and type VI varieties at the metacarpal level, the distal 
portion of the ulnar partner is transposed on top of the proximal portion of the radial partner.

 16. What are the basic principles of thumb duplication correction?
 • Create the best possible thumb by using the best parts of each partner.
 • Preserve an intact ulnar collateral ligament at the MP joint level.
 • Reattach all thenar intrinsic muscles.
 • Release a tight thumb index web space (four-flap Z-plasty is most commonly used).
 • Preserve as much mobility as possible and preferably have motion in at least two of the three (CMC, MP, IP) joints.

 17. What do you tell parents after a thumb duplication correction? Will the thumb be 
normal?
No. Most large series are incomplete and do not include critical long-term outcomes. What you see initially is what 
you get later. The reconstructed thumbs usually are smaller and less mobile than the normal side. Thenar muscles, 
especially the abductor pollicis brevis and flexor pollicis brevis, may be weak. Metacarpophalangeal joint instability or 
stiffness may occur after a collateral ligament reconstruction. A bulge on the radial side of the metacarpal in a type IV 
thumb represents a bifid metacarpal head that was not excised. The proximal type V and VI thumbs are never normal 
postoperatively, do not have normal intrinsic muscles, have short metacarpals, and commonly have inadequate extrinsic 
extensor and flexor tendon excursion.

 18. What are the genetics and incidence of the constriction ring syndrome?
There is no positive inheritance in constriction ring syndrome (CRS). The incidence is less than 10% in large reported 
series of congenital hand malformations. The cause is related to an in utero deformation in which strands of the inner 
layer of the chorionic sac detach and wrap around parts of the fetus, usually fingers and toes. There are many examples 
of monozygotic twins with only one partner affected.

 19. What anatomic features distinguish CRS from other congenital anomalies of the 
upper limb?
The anatomy proximal to the level of deformation or in utero injury is completely normal. For this reason, toe transfers 
for thumb and digital reconstruction are much more predictable. Unfortunately, many severely affected children have no 
toes to transfer.

 20. What other terms have been used to describe CRS?
Many terms have been used to describe the clinical features seen in CRS.
 • Acrosyndactyly refers to digits joined together at the tips and creating the appearance of a peak (Greek: acro = 
peak).

 • Anular band is a ring around a body part; constriction ring is the preferred term to describe the same phenomenon.
 • Fenestrated syndactyly refers to the sinuses at the base of the webbed digits. At the time of ischemic insult caused 
by the constricting band, separation of the digit via programmed cell death has started. Although the webbing recurs 
as a result of the distal inflammatory process, the separation may persist and presents as a dorsal-to-palmar 
 epithelial-lined sinus that can be easily probed. The actual level of the sinuses is always distal to the level of the 
normal commissure.

 • Placental bands and amniotic bands refer to the strands that wrap around body parts. At birth, desiccated strands 
wrapped around digits represent the loose strands of the chorionic sac that have separated and become entangled 
around fingers, toes, and other body parts.

 • Congenital amputations refer to transverse loss of tissue or failure of formation. They are commonly seen in CRS but 
are not exclusive to it.

This condition has been around for a long time and has been confused in past and recent literature. The term 
constriction ring syndrome has been adopted by the American Society for Surgery of the Hand (ASSH) and the 
International Federation of Societies for Surgery of the Hand (IFSSH).
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 21. What is a constriction ring or anular (ring) band?
The constricting ring acts as a tourniquet around the developing digit, toe, or other body part and results in a soft 
tissue depression beneath the skin. The ring may be superficial or deep, extending into the periosteum. It may 
extend completely or partially around the circumference of the part. Most digital rings are deep dorsally and extend 
only partially around the palmar surface. However, this explanation does not account for the frequent association 
of cleft lip/palate and club feet with CRS. The clefts often are wide lateral clefts that result in a monstrous clinical 
appearance. It has been postulated that wide bands or aprons of partially separated sac obstruct the fusion of the 
lateral lip with the prolabial segment.

 22. How is CRS treated?
In the past, surgeons performed simple Z-plasties that did nothing more than leave the mark of the infamous cowboy 
Zorro on operated hands. After excision of the scarred constriction ring, it is necessary to advance flaps of fat and fascial 
tissue across the depression to correct the contour deformity. Straight-line dorsal incisions are preferred to Z-plasties; 
they are conveniently placed along the less visible sides of the digit.

 23. Why are transverse absences associated with CRS ideal for toe-to-thumb transfers?
CRS is the only congenital anomaly in which the anatomy proximal to the level of complete or partial loss is completely 
normal. In other conditions, intrinsic and extrinsic muscle and neural and vascular anatomy may be anomalous.

 24. What does symphalangism mean? What are the more common clinical presentations?
Symphalangism (Greek: sym = together, phalanx = bone) refers to phalanges that are fused because of a failure 
of segmentation or incomplete segmentation with cavitation. More than 15 clinical conditions are associated 
with these stiff, often short and slender digits. The most important clinical sign is the lack of a flexion crease. 
There are three general categories of symphalangism:

1. True symphalangism demonstrates digits of normal length, positive inheritance, fusion of one or more digits, PIP 
involvement (common), and long, slender fingers.

2. Symbrachydactyly demonstrates all variations of short digits with and without varying degrees of webbing. 
Formerly many affected hands were classified as atypical cleft hands. DIP and PIP joints are commonly fused.

3. Syndromic symphalangism is most commonly seen in the Apert and Poland syndromes. In both the central three 
rays are most commonly involved. Some degree of digital fusion may be seen in the other acrocephalosyndactyly 
(ACS) syndromes. In neither of these conditions are the MP joints involved.

 25. How is symphalangism treated?
The stiff fingers will always be stiff. Angulation and especially rotation should be corrected early in life without damage 
to growth centers.

 26. In what position should PIP joints be fused?
Index finger, 10°; middle finger, 25° to 30°; ring finger, 40°; and small finger, 45° to 50°.

 27. How can IP joints be reconstructed?
Many methods have been tried, but none is satisfactory. Examples include the following:

 • Silicone caps and spacers
 • Silicone implants with stems into the medullary canals
 • Perichondrial resurfacing
 • Incision of early cartilage bridges followed by early motion
 • Osteointegrated implants (this technique has promise for the future)
 • Microvascular second-toe joint transfer

All of these reconstructions have advantages and disadvantages. In children, use of autogenous materials is 
preferable to avoid the secondary disadvantages of incompatible biomaterials. Perichondrial resurfacing at the 
MP and PIP levels results in fibrocartilage and stiff joints. Early release and continued motion result in floppy digits 
that ultimately become stiff. Osteointegrated concepts have not yet been used in children but may have promise. 
Microvascular defects are labor intensive and biologically make the most sense. The balance of the thin intrinsic and 
extrinsic extensor mechanism is never maintained.

 28. What is the difference between clinodactyly and camptodactyly?
Clinodactyly (Greek: clino = deviated, dactylos = digit) refers to a digit or thumb that is deviated in a radioulnar 
or mediolateral direction. An inward (radial) deviation of the fifth digit is most commonly seen and is so often 
associated with various other types of congenital hand anomalies that it represents “background noise” and 
gives no specific indication of one condition over another.
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Camptodactyly (Greek: campto = bent, dactylos = digit) refers to a flexion deformity of a digit or thumb in an 
anteroposterior plane. This deformity also commonly involves the PIP joint of the fifth finger and is seen in two distinct 
age groups: infants and adolescent girls.

 29. What is the main anatomic problem in camptodactyly?
As the digit develops in the fetus or infant or as it continues to grow in the young child and adolescent, the balance of 
flexion and extension forces at each joint is quite precise. More than 20 abnormal origins and particularly insertions 
of the intrinsic and extrinsic muscle tendon units within the hand have been described. The most common variations 
involve abnormal distal insertions of the lumbrical and interosseous muscles within the digits, particularly on the ulnar 
side of the hand. Tight joint capsules, collateral ligaments, joint contractures, abnormal articulating surfaces, and 
proliferative fibrous bands (fibrous substrata) within the digit are more likely secondary and are not the primary forces 
causing camptodactyly.

 30. What are the radiologic signs of congenital camptodactyly?
A true lateral radiograph of the digit gives an indication about the duration of congenital camptodactyly. Digits that have 
been flexed at the PIP joints for longer periods show the following:

 • Flattening of the dorsal condylar surface of the proximal phalanx
 • Widened base of the middle phalanx
 • Flattening of the palmar surface of the condyle
 • Indentation within the surface of the middle phalanx
 • Narrowed joint space

The most important determining factor in joint formation is motion. A joint that is not moved early in life will not have a 
rounded condyle and will demonstrate a flat articular surface.

 31. What are the indications for joint release in camptodactyly?
Most joint contractures are treated successfully with stretching and splinting. Few require surgical release. Contractures 
of 15° to 50° usually have favorable outcomes. Adults and adolescents with longstanding contractures greater than 70° 
of flexion are best treated with arthrodesis. The results of soft tissue releases are inversely proportional to the severity 
of the contracture. Often initial tight contractures can be improved with conscientious stretching but may need surgery 
later in childhood to obtain full correction. Surgery may be difficult and must be followed by a strict stretching and 
 night-splinting regimen.

 32. What is the differential diagnosis of bilateral flexion deformities of the thumb?
Trigger thumbs due to flexor tenosynovitis are the most common cause. Newborns and infants may demonstrate 
congenital absence of the extrinsic extensor (extensor pollicis longus), a condition in which the thumb is adducted into 
the palm (commonly called “clasped thumb”). Congenital camptodactyly does not involve the thumb but should be 
considered with any flexion deformity of a digit. More generalized musculoskeletal conditions, such as arthrogryposis 
and Freeman-Sheldon syndrome, also must be considered.

 33. When should a trigger thumb be released surgically?
In children younger than 18 months, spontaneous resolution may be seen within 6 months. After age 2 years, 
children with persistent locking develop compensatory hyperextension of the MP joint as the palmar plate is 
stretched. This hyperextension may not correct itself with growth after the trigger is corrected. No additional surgery 
is indicated unless functional problems are present. Forget about approaching a young child with a needle for a 
steroid injection in your office. This method will not work. Percutaneous needle releases have been described in 
older patients but have little place in the treatment of young children in whom surgical division of the A1 pulley is 
indicated.

 34. What is the worst complication of a trigger release?
The radial digital nerve to the thumb is easily severed with blind cutting in a proximal direction.

 35. What conditions should be considered in a child born with gross enlargement of a digit?
Macrodactyly (Greek: makros = large, dactylos = digit) and gigantism have been used to describe enlarged digits 
and thumbs. Gigantism is preferred by some because it encompasses enlargement of both soft tissues and skeletal 
elements. The clinician should consider the following:

 • Neurofibromatosis (NF)
 • Nerve territory-oriented lipofibromatosis not associated with NF
 • Multiple hereditary exostosis
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 • Proteus syndrome with hyperostotic lesions and overgrowth of phalanges
 • Vascular malformations, particularly venous, lymphatic, and mixed venous–lymphatic
 • Hemihypertrophy of the limb

These unusual conditions should be referred to a pediatric hand specialist.

 36. What is the workup for macrodactyly?
These conditions are rare. Common sense dictates that the clinician obtain radiographs, complete a thorough physical 
examination, and then hit the books. NF is suspected on clinical examination and has specific criteria. Biopsies are 
rarely necessary. Genetic analysis is available. Vascular anomalies are distinguished by magnetic resonance imaging 
(MRI). Bone tumors often require biopsy. Hemihypertrophy is the most difficult and often is a diagnosis by exclusion. 
In this condition there is a high incidence of adrenal masses, which must be detected by ultrasound. No one other 
than the pediatric hand specialist has a detailed working knowledge of all of these conditions. It is helpful to contact 
someone locally or nationally with experience in treatment of each particular condition.

 37. What is the difference between hemangioma and vascular malformation?
During the past 10 years knowledge has increased exponentially. Mulliken made the most significant contribution 
with his classification, which makes a clear-cut distinction between the two on biologic grounds. Hemangiomas 
are vascular birthmarks that appear shortly after birth, undergo a period of rapid growth and proliferation, and 
spontaneously involute by age 7 to 9 years. The endothelial cells actively proliferate and create new vascular 
channels during the growth phase. The mechanism for involution is unknown. Vascular malformations are 
biologically quiescent lesions. They result from defective embryogenesis, are present at birth or are recognized 
shortly after birth, and do not undergo a biphasic growth cycle like hemangiomas. The endothelial cells do not 
actively proliferate. Malformations are subgrouped according to cell types into capillary, venous, lymphatic, mixed 
venous–lymphatic, and arterial malformations. Arterial malformations include arteriovenous fistulas with active 
shunting between the arterial and venous sides of the circulation.

 38. Outline the five types of hypoplastic thumbs.
 • Type 1: Hypoplastic thumb with all joints present; median nerve-innervated intrinsic muscles present but hypoplastic; 
joints stable; function normal

 • Type 2: Thumb skeleton more hypoplastic; joints intact with some collateral ligament instability at the MP level; 
greater hypoplasia of median nerve-innervated intrinsic muscles; first web space often deficient

 • Type 3: Thumb phalanges present but much smaller; increased collateral ligament instability at the MP level; thenar 
intrinsic muscles small and weak; ulnar intrinsic muscles hypoplastic; extrinsic muscles hypoplastic; first web space 
very tight; type 3A: Metacarpal intact but small; intact CMC joint; type 3B: Metacarpal incomplete; no CMC joint

 • Type 4: Thumb and all of its components highly deficient; no skeletal connection to the rest of the hand; skin bridge 
only, constituting a floating thumb or “pouce flottant”

 • Type 5: Aplasia

 39. What are the possible options for reconstruction of type 3B thumbs?
The options are (1) staged osteoplastic reconstruction and (2) excision of the thumb and index pollicization. The 
second option is preferred by most pediatric hand specialists. Staged reconstruction involves (1) provision of 
skeletal continuity with a standard bone graft or a microvascular second toe transfer, (2) creation of an adequate 
web space, and (3) tendon transfers to provide palmar abduction of the first ray as well as MP and IP flexion and 
extension.

 40. What are the long-term functional limitations of a well-performed pollicization 
procedure?
Such thumbs are never normal. Grip and pinch maneuvers involving the thumb are always deficient. Results fall 
into two basic groups: (1) complete or partial radius deficiency and (2) normal radius and preoperative range of 
motion. The second group has predictably better outcomes because extrinsic flexor and extensor muscles as well 
as intrinsic muscles to the index ray are normal. A stiff index finger preoperatively will become a very stiff thumb.

 41. Describe the hand in patients with Apert syndrome.
Apert syndrome (acrocephalosyndactyly) is common only in craniofacial clinics. It occurs in more than 1:45,000 
live births. Both hands have enantiomorphic (mirror image) deformities:

 • Short radially deviated thumb (radial clinodactyly)
 • Deficient first web space
 • Complete, complex syndactyly involving the central three rays
 • Simple, complete syndactyly between the ring and fifth rays
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Three specific types of hand configurations with varying degrees of severity have been described. Additional skeletal 
anomalies include carpal coalitions, a ring–fifth metacarpal synostosis, symphalangism between the proximal and 
middle phalanges, and varying degrees of conjoined nails. The hands are subclassified into three separate groups 
depending on the severity of skeletal coalition.

 42. What is Poland syndrome?
In 1849 Alfred Poland, a student dissector in gross anatomy, described a cadaver with chest wall anomalies associated 
with a hypoplastic webbed hand. The illustration made by a friend did not include the hand, but the head, neck, and 
thorax were depicted in detail. A century after this description appeared in the Guy’s Hospital Reports, Clarkson, the 
hospital hand surgeon, found the hand that had been preserved in the hospital museum, redescribed the condition, 
and introduced the term Poland syndrome. The hand surgeon’s definition includes (1) absence of the sternal head of 
the pectoralis major muscle (clavicular head usually is present), (2) hypoplastic hand, and (3) brachysyndactyly (short, 
webbed fingers). We have further described the hand anomalies as affecting primarily the central three rays of the hand. 
The four variations of severity range from least affected (hypoplastic but present index, long, and ring digits) to a hand 
with no digits or thumb.

 43. How is the chest wall reconstructed in children with Poland syndrome?
Nothing is usually done in children. In adolescents, conspicuous deformities can be reconstructed with correction of 
the pectus carinatum (pigeon breast) or pectus excavatum (caved-in chest) deformities, followed by a latissimus dorsi 
muscle transfer to recreate the missing pectoralis major muscle.

 44. What is the most persistent request of girls with Poland syndrome?
Girls request breast reconstruction, which is different from a simple augmentation or reconstruction after mastectomy. 
Expansion and overexpansion must be completed before final implant placement because the integument, including 
the areola, often is highly deficient. Subpectoral implants are preferred, but this muscle is either deficient or absent. 
Latissimus transfer with submuscular implants is then performed. It is wise to wait until adulthood before doing a 
transverse rectus abdominis muscle or free tissue transfer reconstruction.

 45. A child is born with impending gangrene of portions of one or both forearms. What 
condition does the child have? What type of workup is indicated?
This rare and often catastrophic condition, called cutis aplasia congenita, probably results from mechanical 
impingement or pressure on the upper limbs. Usually the forearms are caught between the head or trunk and the 
pelvic brim. The condition is often associated with multiple births. Mothers often give a history of lack of movement for 
one or more days before delivery. Routine workup, including blood tests and radiographs, is normal. This condition can 
be viewed as an in utero Volkmann’s contracture.

 46. What is Holt-Oram syndrome?
In the late 1950s two pediatricians, working independently in the United States and England, described the association 
between congenital hand anomalies and congenital heart defects. The cardiac anomalies vary greatly, but the hand 
malformations consist primarily of some form of radial dysplasia. If a surgeon has the opportunity to examine a large 
number of infants with congenital heart defects, he/she will find many cases of minimal radial dysplasias, such as 
hypoplastic thenar intrinsic muscles. Children with radial club hand or thumb hypoplasia or absence are not difficult to 
diagnose.

 47. What single operation is most beneficial for patients with a congenital hand anomaly?
Release of the first (thumb–index) web space. For mild to moderate deficiencies we prefer the four-flap Z-plasty and 
for tight, constricted web spaces the distally based radial forearm flap or dorsal interosseous flap. Dorsal sliding flaps 
are not preferred because of the unsightly, hyperpigmented skin grafts in the donor region. However, they are popular 
in both orthopedic and plastic surgical literature because of the mobility of the dorsal skin and the technical ease of the 
procedure.

 48. Describe the hand in a child with Freeman-Sheldon syndrome.
The “whistling face” syndrome presents with characteristic hand and facial anomalies. The hands are often narrow with 
prominent ulnar drift. Incomplete, simple syndactyly and varying degrees of PIP camptodactyly are often present. The first 
web space usually is tight. The descriptive term “windblown hand” is often applied. Many other musculoskeletal anomalies, 
such as scoliosis, hip dysplasia, and radial head dislocation, may be present. These children are not retarded mentally.

49. A child presents with a swollen hand and forearm and an associated neck mass 
diagnosed as a “cystic hygroma.” What is the underlying pathophysiology?
Cystic hygroma describes a lymphatic malformation in the head and neck region. The upper limb as well as 
mediastinum also may be involved. In the hand and forearm the interconnecting lymphatic channels may be much 
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smaller. The size of the limb may be quite large, grotesque on occasion. Besides the symptoms related to bulk and 
increased weight, many children develop high fevers related to episodic beta-streptococcal infections, which usually 
originate in the cutaneous vesicles often found in lymphatic lesions. Skeletal enlargement may be present but is not a 
hallmark of these macrodactylies, which are difficult to treat. Staged aggressive debulking is the treatment of choice 
once conservative measures and compression garments have failed.

50. What is the difference between a typical and atypical cleft hand?
They are completely different. A typical cleft hand has the following characteristics: bilaterality, positive inheritance, 
foot involvement, V-shaped cleft, and syndactyly (common). A portion or all of the middle ray is commonly missing. It is 
often called simply a cleft hand. The atypical cleft refers to a unilateral anomaly that is nonfamilial and has a U-shaped 
cleft with no foot involvement. Small nubbins often represent rudimentary digits. This condition often has been called 
“lobster claw hand.” After much discussion at various international meetings, the committees for the study of congenital 
anomalies of the hand recommend that “atypical cleft hand” be officially classified as symbrachydactyly.

51. Describe the upper limb in a child with severe arthrogryposis multiplex congenita.
Arthrogryposis, a syndrome of unknown etiology, is always present at birth and manifests with persistent joint 
contractures. It is classified into myopathic and neurogenic forms. The bottom line is that the muscles do not function. 
The upper limb appearance is unmistakable. The shoulders are thin and held in adduction and internal rotation. The 
elbows are extended, and the forearms are usually held in a semiflexed pronated position. Some elbow passive range of 
motion may be present. In severe cases the wrist is held in flexion and ulnar deviation, and the thumb is tightly adducted 
into the palm. The digits are flexed and ulnarly deviated at the MP joints. The skin may be atrophied and waxy. Skin 
dimples dorsally and flexion creases on the palmar surfaces signify mobile joint spaces. The lower extremities are more 
frequently involved than the upper.
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The PediaTric hand

 1. How are the flexor tendons examined in an uncooperative or unconscious  
pediatric patient?
The flexor tendons can be indirectly examined by visually inspecting the fingers at rest as well as observing the 
tenodesis effect during passive flexion and extension of the wrist. At rest with the hand in full supination the digits 
demonstrate an increasing amount of flexion from the index to the small finger that is referred to as the “digital 
cascade.” Any digit that is extended relative to the other fingers and does not conform to the natural cascade suggests 
a flexor tendon injury. To observe the tenodesis effect the wrist is passively moved from flexion to extension, and when 
this passive tension at the wrist is transmitted to the flexor tendons the digits are automatically flexed (Table 119-1).

 2. How is sensation evaluated in young children?
Two-point discrimination should be evaluated whenever possible. However, in an uncooperative and noncommunicative 
pediatric patient an accurate two-point examination can be challenging at best. Pinprick is not an ideal method to assess 
sensitivity in a child; the presence of moisture on the volar fingertips usually is an adequate means of testing sensitivity. 
In normal fingertips the skin is moist, whereas in denervated fingertips it is dry. The degree of moisture at the fingertip 
can be directly visualized as small beads of sweat using an ophthalmoscope for magnification (see Table 119-1).

 3. What is the O’Raine test?
Placement of normal, innervated digits in warm water (40°C) for 20 minutes, as described by O’Raine, results in 
wrinkling of the fingertips. Denervated digits do not wrinkle when this test is performed. This maneuver can provide 
invaluable diagnostic information regarding sensory nerve injury in the uncooperative or unconscious pediatric patient.

 4. Why is a laceration of palmaris longus of special significance?
Eighty to ninety percent of children with palmaris longus lacerations also have an associated partial or complete median 
nerve injury. Therefore when a palmaris longus laceration is present, an associated median nerve injury should be 
assumed.

 5. What is a Kirner deformity? A pseudoepiphysis? The Pseudo-Terry Thomas sign? 
What is their significance?
All of these are normal anatomic variants that can easily be misdiagnosed as fractures or dislocations.

Kirner Deformity: This is a radial curving of the distal phalanx of the little finger and should be distinguished from trauma 
by obtaining contralateral comparison radiographs.

Table 119-1. Physical Examination of the Pediatric Hand

EXAMINATION TECHNIQUE ABNORMAL FINDING UNDERLYING DIAGNOSIS

With patient’s hand in resting 
position, observe if fingers are flexed 
or extended relative to one another

Flexed finger
Extended finger

Disrupted extensor tendon
Disrupted flexor tendon

Passive flexion of the wrist Lack of tenodesis at proximal 
interphalangeal or distal 
interphalangeal joint

Disrupted flexor tendon

Observe for moisture at fingertip (with 
ophthalmoscope)

Dry fingertip Disrupted digital nerve

Check two-point discrimination at 
finger tip (using paper clip)

Patient cannot distinguish points 
at least 5 mm apart

Neurologic compromise

Check capillary refill at pulp of 
fingertip

Blanching lasts more than 4 
seconds

Microvascular disruption
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Pseudoepiphysis: The thumb metacarpal epiphysis occurs at the proximal end of the bone whereas the epiphyses of the 
finger metacarpals occur at the distal end of the bone. Occasionally the thumb has a second epiphysis that occurs at the 
distal end of the bone. This pseudoepiphysis must be differentiated from a fracture line, again stressing the importance 
of obtaining contralateral radiographs. A pseudoepiphysis has also been noted at the proximal end of the second 
metacarpal.

Pseudo-Terry Thomas Sign: This is the normal distance between the scaphoid and the lunate during hand maturation. 
Given that the scaphoid ossifies from distal to proximal, a radiologic lucency exists between the scaphoid and 
the lunate. This area, which is filled with unossified bone and cartilage, can be misdiagnosed as a scapholunate 
dislocation.

 6. Why is an understanding of carpal, metacarpal, and phalangeal ossification patterns 
essential in diagnosing and treating pediatric hand fractures?
Hand and wrist fractures are relatively uncommon in children and even less common in infants. For carpal, metacarpal, 
and phalangeal injuries, an understanding of the ossification patterns of these bones is essential to understanding basic 
fracture patterns and treatment. The carpus of infants is almost entirely cartilaginous and therefore is relatively immune 
to injury. As the bones ossify the carpus is more vulnerable to both bony and ligamentous injury. The metacarpals 
and phalanges have distinct growth patterns as well as relatively consistent timing of ossification and closure of 
epiphyseal growth plates (Fig. 119-1). Unlike other long bones in the body, the small long-bones in the hand have only 
one ossification center located at either the proximal or distal end of the bone. As ossification occurs and as the bones 
reach maturation, fractures are more likely to occur. These concepts are important in treatment. Fractures involving the 
epiphysis (see Salter-Harris classification, Question 8, Figure 119-2) should be given special attention and may require 
closed or open reduction and fixation for realignment. Failure to do so can result in malunion and ultimately growth 
abnormality of the effected segment.

 7. What is a Seymour fracture?
First described by Seymour in 1966, the “Seymour fracture” is an extraarticular fracture involving the base of 
the distal phalanx 1 to 2 mm distal to the growth plate. This fracture usually occurs prior to closure of the distal 
phalangeal growth plate, often accompanied by avulsion of the proximal nail plate. It typically presents as a mallet 
finger given the anatomic relationship of the flexor and extensor tendons. The extensor tendon inserts on the 
epiphysis only, whereas the flexor digitorum profundus tendon spans both the epiphysis and metaphysis. Therefore 
the phalangeal component distal to the fragment is flexed by the flexor digitorum profundus while the epiphyseal 
fragment remains in extension by the extensor tendon. When avulsion of the proximal nail plate is present, the 
Seymour fracture should be treated as an open fracture (e.g., irrigated and débrided) to avoid complications 
associated with infection.

5–7 yrs; 16–18 yrs 1 yr; 16–18 yrs

2–3 yrs

3
6 6 6

5
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4

All closed
14–16 yrs

12–27 mo
10–24 mo

16–24 mo

22–36 mo

Figure 119-1. Timing of epiphyseal ossification 
centers and physeal fusion in the developing hand 
and wrist. As illustrated, the carpus of infants 
is almost entirely cartilaginous and therefore is 
relatively immune to injury. The relatively consistent 
timing of ossification and closure of epiphyseal 
growth plates has implications for the diagnosis, 
classification, and treatment of hand injuries. (From 
Bernard SL, Greco RJ: Pediatric hand trauma. In 
Pediatric Plastic Surgery. Bentz ML [ed]: Pediatric 
Plastic Surgery. Stamford, CT, Appleton & Lange, 
1998, pp. 827–860, with permission.)
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 8. How are long bone fractures of the hand in children described and classified?
Consistent nomenclature should be used to describe all hand fractures. Terminology should include (1) stable versus 
unstable; (2) open versus closed; (3) dorsal versus volar; (4) rotation; (5) length; and (6) location (e.g., metacarpal 
neck, epiphysis). Fractures involving the epiphysis should be classified using the universally accepted Salter-Harris 
classification system (Fig. 119-2).

 9. Why are Salter-Harris type III fractures of the middle phalanx rare and Salter-Harris 
III fractures of proximal phalanx relatively common?
An understanding of capsular anatomy of the metacarpophalangeal (MP) and interphalangeal joints is essential to 
answering this question. The collateral ligaments of the proximal interphalangeal joint arise from the epiphysis of 
the proximal phalanx, span the joint, and insert onto the metaphysis of the middle phalanx. Therefore the proximal 
interphalangeal joint is reinforced in three planes, making fractures through the epiphysis (type III) relatively uncommon. 
However, the collateral ligaments of the MP joint originate from the metacarpal physis and insert in only two planes on 
the epiphysis of the proximal phalanx, accounting for why Salter-Harris type III fractures are more common at this site.

 10. How are metacarpal base, shaft, neck, and epiphyseal fractures treated?
 • Metacarpal Base: Both displaced and nondisplaced fractures of the metacarpal base can be reduced in a closed 
fashion. Reduction is best achieved using long traction on the involved rays and volarly directed pressure on the 
fractured metacarpal. A splint or cast is applied for 3 to 4 weeks.

 • Metacarpal Shaft: These fractures are rare in children. Nondisplaced fractures can be treated by closed 
immobilization for 3 to 4 weeks. Displaced fractures of the metacarpal shaft usually are amenable to closed reduction 
with close follow-up (2 weeks, first visit) and appropriate radiographs to ensure alignment. For displaced and unstable 
fractures percutaneous pinning works well. For unstable, spiral, or long oblique fractures, open reduction internal 
fixation (ORIF) may be required.

 • Metacarpal Neck: These fractures are best treated with Jahss closed reduction and casting for 3 to 4 weeks. Of note 
is that the MP joints of children, unlike in adults, can be immobilized in full extension, to allow for better molding of 
the cast both dorsally and volarly. Stiffness is uncommon, and most children achieve full mobilization 1 to 2 weeks 
after removal of the cast. One exception are metacarpal neck fractures treated with internal fixation, which are 
more subject to stiffness from adhesions between tendon and hardware and therefore early mobilization should be 
advocated.

 • Epiphysis: These fractures are relatively uncommon. When they do occur most are Salter-Harris II injuries. When the 
fracture results in a Salter-Harris III, IV, or V fracture, ORIF is often required for realignment and the prevention of 
growth arrest.

 11. How much angulation of the metacarpal neck will be remodeled and therefore 
should be tolerated in children?
The degree of tolerated angulation varies by finger. Cornwall suggests using the easy to remember sequence of “10, 20, 
30, 40”: (1) index finger metacarpal, 10°; (2) middle finger metacarpal, 20°; (3) ring finger metacarpal, 30°; (4) small 
finger metacarpal, 40°.

 12. How are phalangeal fractures treated in children?
 • Proximal Phalanx: Most of these fractures can be treated with reduction and immobilization for 3 weeks. Exceptions 
that may require ORIF or percutaneous pinning include displaced intraarticular fractures (Salter-Harris III to V), 
spiral, or oblique fractures particularly associated with a rotational deformity, as well as comminuted midphalangeal 
fractures (Box 119-1).

 • Middle Phalanx: Fractures of the base of the middle phalanx usually are Salter-Harris III fractures, and most only 
require 3 weeks of immobilization. Exceptions include fractures with a displaced volar fragment that may require ORIF 
if displaced greater than 1 mm.

VIVIIIIII

Figure 119-2 Salter-Harris fracture classification. Type I, Occurs through the growth plate with separation of the epiphysis from the 
metaphysic. Type II, Fracture through the plate and with a small metaphyseal fragment. Type III, Intraarticular fracture of the epiphysis. Type 
IV, Fracture through the epiphyseal plate and metaphysis. Type V, Compression fracture confined to the epiphyseal plate. (From Bernard SL, 
Greco RJ: Pediatric hand trauma. In Bentz ML [ed]: Pediatric Plastic Surgery. Stamford, Connecticut, Appleton & Lange, 1998, pp. 827–860, 
with permission.)
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 • Distal Phalanx: Most of these fractures are Salter-Harris I or II fractures that require splinting for 3 weeks. Given the 
location of these fractures and the mechanisms causing them (e.g., crush), open fractures are common and often 
require débridement of the crushed segment, repair of the nail bed, and reduction of the distal phalangeal fracture.

 13. What is the “extra-octave fracture” and how is it fixed? What is a “cartilaginous cap” 
fracture?
The extra-octave fracture is a Salter-Harris II fracture of the proximal phalanx of the little finger and is the most common 
fracture of the pediatric hand. The mechanism of injury is forcible abduction of the little finger, and treatment consists 
of closed reduction and splinting for 3 to 4 weeks. Cartilaginous cap fractures, also known as subcapital, subcondylar, 
and supracondylar fractures, occur through the neck of the proximal and middle phalanges. These fractures, 
though rare, most likely occur when a digit is trapped in a closing door. These fractures are classified as displaced 
or undisplaced. Undisplaced cartilaginous cap fractures require splint fixation, although one author reports 90% of 
displaced cartilaginous cap fractures require ORIF.

 14. What is the most common carpal fracture in children, and how does fracture  
of this bone differ between children and adults?
The scaphoid bone is the most frequently fractured carpal element and most often results from a falling on an 
outstretched hand. The scaphoid ossifies eccentrically with the distal pole ossifying before the proximal pole, thus 
accounting for the primary difference between adult and pediatric scaphoid fractures: children most often fracture the 
distal third (60% to 80% of the time). By early adolescence, fracture patterns resemble that of the adult population.

 15. What is the youngest reported case of scaphoid fracture?
The earliest case report of scaphoid fracture occurred in a 4-year-old girl.

 16. When should a scaphoid fracture be suspected, and how is it radiologically 
diagnosed?
The mechanism of injury is important to elucidate while obtaining the history of the injury from the patient or the 
parents. Fracture of the scaphoid most often occurs from falling on an outstretched and pronated hand. Characteristic 
physical findings should further the diagnosis and include swelling and tenderness over the scaphoid tuberosity, pain 
elicited during palpation of the anatomic snuffbox, and pain during axial loading of the first metacarpal. Diagnosis of 
nondisplaced scaphoid fractures can be vexing, and plain wrist radiographs should include posteroanterior and oblique 
views as well as a special scaphoid view. This radiograph, consisting of an anteroposterior view with the fingers flexed 
and the wrist in 25° to 50° of supination, should be specifically ordered to visually enhance the scaphoid.

 17. What concomitant injuries are often associated with scaphoid fracture?
Because severe trauma is required to fracture the scaphoid in younger children, due to thick cartilage covering the 
ossification center and the resultant resilience, the patient must be fully evaluated for associated injuries. These include 
supracondylar fractures, distal radius fractures, metacarpal fractures, capitate fractures, other carpal fractures and 
transscaphoid–perilunate dislocation.

 18. What is the proper course of action if the clinical suspicion of scaphoid fracture is 
high and radiographic evidence is low?
These individuals should have their wrist immobilized in a long arm splint, and a repeat clinical and radiologic 
examination should be performed 1 to 2 weeks from the date of injury. If the pain persists, further imaging should be 
obtained. The imaging modality of choice is magnetic resonance imaging (MRI), which has largely supplanted other 
modalities including computed tomographic (CT) scan, bone scanning, and ultrasound.

•	 Mallet fractures with subluxed joint or one third of articular surface
•	 Comminuted middle phalanx fracture
•	 Comminuted proximal phalanx fracture
•	 Displaced Salter-Harris III–IV fractures
•	 Spiral proximal phalanx fractures
•	 Oblique proximal phalanx fractures
•	 Metacarpal head fractures
•	 Multiple metacarpal fractures
•	 Fracture–dislocation of the fifth metacarpal joint.

Box 119-1. Fractures Often Requiring Percutaneous Internal Fixation

Data from Bernard SL, Greco RJ: Pediatric hand trauma. In Bentz ML [ed]: Pediatric Plastic Surgery. Stamford, CT, Appleton & Lange, 1998, pp. 827–860.
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 19. What are the three types of scaphoid fracture?
 • Type I: Pure Chondral Injury. Usually occurs in children 8 years and younger.
 • Type II: Osteochondral Fracture. Usually occurs in children 8 to 11 years old.
 • Type III: Ossified Fracture (Adult Variant Fracture). Usually occurs in children 12 years and older and involves the 
completely or nearly completely ossified scaphoid

 20. What is the blood supply to the scaphoid, and why is this important?
The scaphoid receives majority of its blood supply via dorsal vessels that are branches of the radial artery. The vessels 
enter the scaphoid via dorsal foramina that run along its dorsal ridge and perfuse the proximal pole in a retrograde 
fashion. These vessels supply approximately 70% to 80% of the bone including the entire proximal pole. A second blood 
supply arises from the palmar and superficial palmar branches of the radial artery, entering the scaphoid near its distal 
tubercle and perfusing approximately 20% to 30% of the bone including the scaphoid tuberosity. Because of this distally 
based blood supply, fractures to the proximal aspect of the scaphoid (those seen in adolescents and adults) are more 
likely to develop avascular necrosis.

 21. How are scaphoid fractures in children treated, and how is nonunion managed?
For nondisplaced or even minimally displaced fractures, cast immobilization is the gold standard of treatment. 
Duration of casting varies by fracture type. For avulsion or incomplete fractures, 4 to 6 weeks is appropriate; for 
transverse fractures, 6 to 8 weeks of immobilization is recommended. The positioning of the hand and arm are as 
follows. The forearm should be in midsupination and flexed 90°. The wrist should be in slight volar flexion and radial 
deviation. The thumb should be held in abduction and extension by a thumb spica cast. Scaphoid nonunion requires 
operative management, including open reduction with a combination of bone grafting, K-wire fixation, or internal 
fixation.

 22. What is the most frequent level of digital amputation in the pediatric population, and 
what is the youngest age at which replantation is contraindicated?
Amputation through the distal phalanx is the most frequent level of amputation in the pediatric population. Relative to 
adults the indications for replantation are much broader, and most authors agree that there is no age limit at which 
replantation is contraindicated.

 23. What is the Allen classification of fingertip injuries? Discuss one special 
consideration of each type (Fig. 119-3).
 • Type I: Does not include any bony fragment of the distal phalanx. Special Consideration: The amputated fragment is 
often replaced as a composite graft and is not considered a true replantation.

 • Type II: Amputation through the nail bed, preserving half of the nailbed and sterile matrix. Special Consideration: 
No dorsal vein is available at this level. Venous drainage is most often achieved by controlled bleeding or leeches.

 • Type III: Contains the nailbed but preserves less than half the nailbed and sterile matrix. Special Consideration: Failure 
of replantation will likely result in a hook nail deformity.

 • Type IV: Amputation proximal to the nail fold but distal to the insertion of the extensor and flexor tendons of the 
distal phalanx. Special Consideration: Dorsal vein is available for anastomosis to ensure venous drainage of 
replanted segment.

I
II

Type

Treatment options

- Nonoperative wound
  management
- Skin graft

- Composite graft
- Flap closure
- Skin graft
- Nonoperative wound
  management

- Flap closure
- Composite graft
- Closure of amputation
- Nonoperative wound
  management

- Replantation
- Closure of amputation
- Nonoperative wound
  management

III

IV

Figure 119-3. Anatomic landmarks 
composing the Allen classification 
of fingertip injuries with associated 
treatment options. (Modified from 
Bernard SL, Greco RJ: Pediatric hand 
trauma. In Bentz ML [ed]: Pediatric 
Plastic Surgery. Stamford, CT, Appleton 
& Lange, 1998, pp. 827–860, with 
permission.)
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 24. What is the typical order for finger tip replantation in children? Discuss one special 
consideration for each step.
 • Bony Fixation First. Special Consideration: Smaller K-wires are typically used, given the size of the amputated 
fragment. Alternatively a small needle can be placed, minimizing damage to the distal bone segment.

 • Arterial Revascularization Second. Special Consideration: Given the small size of the segment, there usually is not 
enough room for double microclamps. Therefore traditional anastomotic techniques must be altered (e.g., back wall 
first technique).

 • Nerve Repair Third. Special Consideration: In types I, II, and III, often no neural branch is available for coaptation. 
Nevertheless, return of true sensation is often achieved.

 • Venous Revascularization Fourth. Special Consideration: With type II and III injuries, venous reanastomosis is often 
not possible. Therefore controlled bleeding or the application of leeches is the best method for preventing venous 
congestion.

 25. What is Volkmann’s ischemic contracture, what injury is most likely to cause it,  
and how is it treated?
Volkmann’s ischemic contracture is the result of unrecognized or inadequately treated compartment syndrome of 
the forearm, causing muscle ischemia, necrosis, and ultimately contracture of the hand (see Fig. 119-3). Skeletal 
trauma is the most likely cause of an acute compartment syndrome of the forearm. Although supracondylar fractures 
of the humerus are the most likely etiology of compartment syndrome, all patients with humerus and radial/ulnar 
fractures should be carefully monitored for vascular injury and compartment syndrome. Treatment is difficult and often 
multifaceted, including excision of fibrous tissue, neurolysis, tenolysis, capsulotomy, nerve grafting, and innervated free 
tissue transfer.

 26. How is an impending compartment syndrome recognized? What are the signs of an 
acute compartment syndrome?
Signs that are worrisome of an impending compartment syndrome are increasing pain, swelling, tension or tenderness 
of any compartments, and decreased active movement. The acute signs of a compartment syndrome include extreme 
and poorly localized pain that increases with passive stretch (extension) of the muscles of the fingers and wrist. When 
diagnosing compartment syndrome, caution is advised when using the often taught “five Ps”: pain, pallor, paralysis, 
paresthesia, and pulselessness. These are late signs of compartment syndrome, and the key to effective management 
lies in early recognition.

 27. List five major concepts in diagnosing and managing vascular tumors of the hand.
1. Vascular malformations and hemangiomas account for 90% of all vascular tumors in the hand. The remaining 

10% include other benign neoplasms (pyogenic granuloma, glomus cell tumor), intermediate neoplasms (benign 
endothelioma, hemangiopericytoma), and malignant tumors (angiosarcoma, lymphangiosarcoma, Kaposi’s 
sarcoma).

2. Malignant vascular tumors are exceedingly rare but are potentially limb and life threatening and must be included in 
most differential diagnoses.

3. Differentiating between low-flow and high-flow vascular malformations is essential to treatment. Low-flow lesions 
are less likely to require treatment. Intervention, if necessary (due to pain, hypertrophy, ulceration, or cosmetic 
disfigurement), usually involves sclerotherapy, surgical resection, or debulking. High-flow lesions may require 
embolization, followed by resection.

4. Hemangiomas are well characterized as having a proliferative phase followed by an involution phase. Treatment, 
when necessary, may include oral steroids, intralesional steroid injection, various types of laser therapy, or, less 
commonly, excision.

5. Pyogenic granuloma is a common rapidly growing solitary lesion usually resulting from local trauma that occurs on 
the volar pulp or periungual area of the digit. Complete surgical removal with primary closure is the most reliable 
method of treatment, although fulguration can be successful.

 28. When do pediatric hand burns typically need grafting?
Because of the curious and constantly exploring nature of the pediatric population, small hand burns are common  
(e.g., fireplaces, curling irons). If these burns do not heal in approximately 2 weeks, grafting should be considered 
because the risk of significant scarring increases after the 2-week time period. It is often difficult to assess the degree 
of the burn in the freshly burned hand, so waiting 2 weeks to assess for healing is an appropriate strategy.

 29. Which type of graft is most effective for grafting the hand: Split thickness or full 
thickness?
The principle that should be applied is “the thicker the graft, the less contraction.” Therefore for small pediatric hand 
burns, full-thickness skin grafts should be used. The best location to harvest this skin is from the groin. In larger burns 
where the availability of donor skin is an issue, as much full-thickness skin as possible should be used in areas prone to 
contracture (e.g., volar surfaces of the hand).
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 30. How are hand contractures classified?
 • Grade I: Contractures have no limitation in range of motion, some symptomatic tightness, and normal architecture.
 • Grade II: Contractures result in a minor decrease in range of motion and no significant impact on daily living. Normal 
architecture retained.

 • Grade III: Contractures are characterized by a noted functional deficit and early changes in normal architecture.
 • Grade IV: Contractures characterized by loss of hand function with significant distortion of normal hand architecture. 
Both grade III and IV contractures are further subclassified as type A (flexion contractures), type B (extension 
contractures), or type C (combination of flexion and extension contractures).

31. What are the basic principles of contracture release in the pediatric hand?
 • Grade IV(B): Excisional release of scars to restore transverse and longitudinal arches, Kirchner wire fixation with MP 
joints flexed to approximately 80° and interphalangeal joints at 180° (straight), and resurfacing the dorsum of the 
hand and fingers with skin grafts or flaps if tendons and joints are exposed.

 • Grade IV (A): Excisional release and resurfacing with skin grafts or flaps, MP joints kept in extension with Kirchner 
wires (particularly in young patients), and elevation of the affected part during healing.

 • Interdigital Contractures: Interdigital contractures (e.g., burn syndactyly) are common and rarely cause functional 
deficits. However, when the first web space is affected, severe functional deficits can result. These contractures need 
to be treated surgically. Several methodologies have been described for release of first web space contractures. 
Although results vary, Z-plasties or local flaps have the lowest rate of recurrence.
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Problems InvolvIng the PerIonychIum

 1. Describe fingernail anatomy and fingernail production.
The fingernail is a plate of flattened cells layered together and adherent to each other. The nailbed is composed of the 
germinal matrix (intermediate nail), which produces 90% of nail plate volume; the sterile matrix (ventral nail), which 
contributes additional substance that is largely responsible for nail adherence; and the roof of the nail fold (dorsal nail), 
which is responsible for the smooth, shiny surface of the nail plate. The sterile matrix is closely associated with the 
periosteum of the distal phalanx. The germinal matrix is immediately adjacent to the extensor tendon insertion. Distal 
phalangeal injuries are frequently associated with nail bed disruption (Fig. 120-1).

 2. What function does the fingernail serve?
In all likelihood, the fingernail evolved for scratching and self-defense as well as protecting the fingertip. In addition, it 
serves more delicate functions. By providing counterforce to the finger pulp, it increases the sensitivity of the fingertip; 
two-point discrimination widens if the nail plate is removed. Nails also assist with picking up fine or thin objects.

 3. Describe the surrounding structures and their importance.
The hyponychium, or area immediately under the fingernail at its cut edge, is a keratinous plug that lines the juncture 
of the overhanging nail plate, the distal margin of sterile matrix, and the fingertip skin. It is heavily populated with 
lymphocytes and polymorphonuclear leukocytes as a barrier to subungual infection. The perionychium is the skin at the 
nail margin, folded over its proximal and lateral edges. It is a site of frequent, minor trauma and occasional infection.

 4. What is the lunula?
The lunula is the whitish area of the most proximal nail. Attributed to differences in nail adherence and light reflection, 
it corresponds to the area beyond which cell nuclei within the nail plate have degenerated.

 5. What is the blood supply of the nail bed?
The two terminal branches of the volar digital arteries.

 6. What is the rate of nail growth?
Complete longitudinal growth takes 70 to 160 days at a rate of approximately 0.1 mm/day.

 7. How is growth rate impacted by nailbed injury?
There is a 3-week delay in distal growth of the nail following injury, during which time it thickens proximal to the injury 
site. Nail growth then is faster than normal for 6 to 8 weeks, followed by less than normal growth for 30 days.

Dorsal roof Nail
foldVentral floor

Distal
interphalangeal
joint

Periosteum

Insertion extensor
tendon

Nailwall

Eponychium

Lunula

Nail bed

Hyponychium

Figure 120-1. Anatomy of the nail bed 
in sagittal section. (From Zook EG, Brown 
RB: The perionychium. In Green DP [ed]: 
Operative Hand Surgery, 3rd ed. New York, 
Churchill Livingstone, 1993, p 1284.)
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 8. What is the most common source of nail bed injuries?
Doors, followed by crush between two objects, followed by saw/lawnmower lacerations.

 9. Which digit is most commonly injured?
Long finger, followed by ring, index, little, and thumb.

 10. Describe several nail changes associated with trauma.
 • Premature nail plate separation may reflect transverse scarring of the sterile matrix, frequently seen after fingertip 
crush injuries.

 • Longitudinal splitting of the nail plate may be due to scar adhesions from the nail roof to the nail floor (synechia).
 • Longitudinal grooving may reflect disturbances of the nail fold due to adjacent tumors or underlying skeletal change 
with secondary distortion.

 • Nail spikes or remnants frequently complicate traumatic fingertip amputations. Residua of germinal or sterile matrix 
continue to produce small volumes of nail plate, which grow over several months. Ultimately they may prove a source 
of pain or secondary infection, necessitating excision.

 • Beaking is a nail deformity caused by inadequate support of the distal sterile matrix. It is usually seen after distal 
fingertip amputations with loss of phalangeal tuft or healing of distal open wounds by secondary intention. As a result 
of the process of wound contracture, sterile matrix is drawn volar across the distal tip.

 11. What is the significance of a subungual hematoma?
Crush injuries to the fingertip are extremely common. Development of a subungual hematoma invariably reflects nailbed 
injury with or without an associated fracture of the distal phalanx. Radiographs are almost always indicated. Even small 
subungual hematomas may be quite painful and should be decompressed. Classic techniques of trepanation include 
the use of a hot paperclip or battery-powered cautery, although drilling through the nail plate with a large-bore needle 
is also an option. More significant hematomas (>50%) imply more extensive nailbed injury and should be explored 
by nail plate removal. In addition to providing complete decompression, nail plate removal allows nailbed repair. Most 
practitioners advocate the use of fine, absorbable suture (e.g., 6/0 catgut). The nail plate (or a substitute) is then 
replaced to splint the repair and stent the nail fold to prevent synechiae.

 12. What are the different products that may be used as nail substitute/stent following 
injury?
The purpose of nail substituting/stenting is to prevent the eponychial fold from scarring to the nail bed following the 
acute injury period.

 • Aluminum foil (suture wrapper [senior author’s preferred substitute])
 • Silicone sheet
 • Nonadhesive gauze

 13. What is the most appropriate management in the case of delayed presentation of 
acute injuries to the nailbed?
The nailbed should be explored and accurately reapproximated up to 7 days following the initial injury.

14. Describe several common nail changes that are manifestations of systemic disease.
 • Clubbing. This exaggerated curvature of the nail plate may be congenital but is classically described in association 
with pulmonary, bowel, or liver disease.

 • Onycholysis. Premature separation of the nail plates is seen with thyrotoxicosis and psoriasis. Psoriasis often leads to 
associated pitting and ridging of the nail plate.

 • Chromonychia. Changes in nail color may be seen in renal failure. They also may reflect drug effects.

15. What are the usual patterns of infection associated with the fingernail?
 • Acute Paronychia. Infection (usually staphylococcal) of the nail margin (perionychium) usually responds to direct 
drainage, marsupialization, or partial nail plate removal.

 • Chronic Paronychia. Typically seen in patients whose hands are frequently wet (e.g., dishwashers). Maceration 
appears to lower defenses against local bacterial or fungal colonization. The condition often leads to nail plate 
deformity and onycholysis. It may respond to local or systemic antibiotics and antifungals with or without limited 
drainage. Complete nail plate removal is sometimes necessary.

 • Onychomycosis. Chronic fungal infestation of the perionychium and nail plate may be associated with dramatic 
discoloration of the nail as well as thickening and onycholysis. Although treatment with systemic antifungals such as 
griseofulvin has been advocated, simple nail plate removal and use of a topical antifungal as the nail regrows may be 
equally successful without the risks of systemic drug toxicity.



785the hAnD AnD uPPer eXtremIty

 16. What are the most common benign periungual tumors?
Mucous cysts are small ganglia arising from the distal interphalangeal (DIP) joint, usually in association with a small 
osteophyte(s). As they encroach on the perionychium either deep or superficial to the germinal matrix, splitting or deep 
grooving may be seen in the nail plate. Larger cysts are associated with significant attenuation of the overlying skin and 
occasionally drain spontaneously. Mucous cysts usually are treated by excision, taking care to address the associated 
osteophyte.

Glomus tumors (tumors of the glomus body) are frequently subungual. Although often extremely small (1 to 2 mm), they 
are characteristically painful, exquisitely tender, and highly sensitive to cold. The diagnosis often is empirical. Resection 
may require transungual exposure or elevation of the nailbed from a lateral approach. These tumors are found in the 
confined space between the nailbed and distal phalanx or within the soft tissue of the perionychium.

Pyogenic granulomas represent an exuberant excess of granulation tissue in response to relatively minor trauma. They are 
frequently encountered in the perionychium. Most respond to curettage and chemical or electrical cautery of the base.

17. What is the glomus body?
The glomus body is a specialized arterial venous anastomosis, which regulates blood flow and temperature within the 
finger tip.

18. What is the differential diagnosis for pigmented subungual lesions?
 • Posttraumatic hemorrhage is the most common pigmented subungual lesion, although the patient frequently reports 
no history of injury. These lesions usually “grow out” with the nail plate and can be identified by scoring the overlying 
plate and observing for several weeks.

 • Benign nevi occasionally present in a subungual location.
 • Subungual melanoma is potentially serious and often diagnosed late. The threshold for nail plate removal and 
incisional biopsy of a suspicious lesion should be low.

 • Hutchinson’s sign is leaching of pigment into the nail fold, perionychium. It is highly suspicious for melanoma.  
It represents the radial growth phase of the subungual melanoma.

19. What are melanonychia striata?
Melanonychia striata are longitudinal pigmented bands of the nail plate, seen more commonly in blacks. Physiologic 
and pathologic causes are extensive and include pregnancy, trauma, psoriasis, amyloidosis, hyperthyroidism, Addison’s 
disease, Cushing’s syndrome, acromegaly, chronic dermatitis, carpal tunnel syndrome, lichen planus, onychomycosis, 
onychomatricoma, Bowen’s disease, myxoid pseudocyst, basal cell carcinoma, fibrous histiocytoma, and verruca 
vulgaris. Common drugs associated with melanonychia striata are chemotherapeutics, nonsteroidal antiinflammatory 
drugs, antifungal agents, antiretrovirals, steroids, and antiepileptics. Melanonychia striata typically involve multiple 
nails. Nail matrix biopsy is warranted in whites, when the melanonychia striata are solitary, are greater than 6 mm with 
variegated pigmentation, or show proximal widening suggestive of melanoma. Mohs micrographic surgery has been 
proposed in melanoma presenting as longitudinal melanonychia.

20. What is the current surgical therapy for nail apparatus melanoma?
Nail apparatus melanoma (NAM) has an incidence between 0.7% and 3.5% in whites. In blacks the percentage rises to 
20%. The 5-year survival rate is 38% to 61% for stage I and II disease. The most common site is the thumb, followed by 
the index finger.

The recommended surgical therapy for subungual melanoma varies in the literature. Green recommends a 5-mm 
margin for in situ disease but amputation at the joint proximal to the nail bed melanoma for invasive melanoma. The 
World Health Organization (WHO) Melanoma Group’s prospective randomized study of primary cutaneous malignant 
melanoma 2 mm thick or less reported that there was no significant difference in survival or recurrence when the 
biopsy sites were excised with either a 1-cm or a 3-cm margin of skin.

Banfield et al. present the largest retrospective study of 105 patients with NAM from four regional cancer registries 
in England. Patients with thinner lesions (mean 3.2 mm) treated with local excision had a significantly better 5-year 
survival of 79% than those with thicker lesions (mean thickness 6.1 mm) treated with amputation, yielding a 41% 
5-year survival. This study suggests that the prognosis on NAM is related to the depth of the initial tumor and that local 
excision is a viable option for treatment.

21. Is there a role for adjuvant therapy in NAM?
The treatment remains essentially surgical. Trials regarding supplemental therapy specifically regarding NAM are lacking. 
However, studies are under way to evaluate adjuvant therapy for the general management of cutaneous melanoma.
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A randomized controlled clinical trial of high-risk resected melanoma patients (T4 or regionally metastatic [N1] melanoma) 
had an increase in the relapse-free interval and overall survival following adjuvant therapy with interferon alfa-2b.

Treatment of metastatic melanoma includes chemotherapy and immunotherapy. Current agents include interleukin-2, 
interferon-alpha, cisplatin, vinblastine, dacarbazine, and temozolomide.
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Fingertip injuries

 1. Which is the most frequently injured finger?
The long (middle) finger. Fingertips are the most frequently injured part of the hand, and the long finger is the most 
vulnerable because it is the last to be withdrawn from the machine or car door.

 2. Where is the greatest quantity of dermal lymphatics in the human body?
The hyponychium. Teleologically it makes sense to protect the parts of the body (fingers and toes) that are in most 
frequent contact with potential disease-causing organisms.

 3. What is the anatomic significant of the lunula?
The lunula represents the transition zone of the proximal germinal matrix and distal sterile matrix of the nail bed. The 
cells at this point become pyknotic (lose their nuclei).

 4. What is the clinical significance of the lunula?
The lunula visibly demarcates the germinal matrix even without the nail plate intact, unless it is heavily contused. If 
sufficient turgid soft tissue support can be restored (i.e., thick thenar flap), the possibility of preservation of the tip and 
a reasonable, albeit shorter, nail can be anticipated.

 5. What are the goals for reconstruction of fingertip injuries?
 • Function
 • Appearance
 • Shortest time to functional recovery
 • Prevention of joint contracture and symptomatic neuromas
 • Preservation of length and sensibility

 6. What are the reconstructive options?
 • Secondary intention
 • Skin graft
 • Local flap
 • Composite graft
 • Microvascular replantation

 7. Do most injuries involving primarily skin loss from the fingertip heal better  
with skin grafts?
Usually not. Conservative treatment (healing by secondary intention) has resulted in less hypoesthesia and greater 
patient satisfaction when compared with skin grafting.

 8. Does conservative treatment result in a greater period of unfitness for work?
No. The period of time is not significantly different whether a patient is treated with shortening, skin grafting, or 
secondary intention.

 9. If the nail has been destroyed, why not just shorten the digit to the level of the distal 
interphalangeal joint?
The profundus tendon attaches to the base of the distal phalanx. Shortening results in profound loss of strength.

 10. Describe the lumbrical-plus finger.
The lumbrical-plus finger may arise after amputation of the distal phalanx or unrepaired laceration of the profundus 
tendon. Loss of its distal insertion allows the profundus tendon to migrate proximally, along with the lumbrical muscle 
attached to it in zone IV of the palm. When a lumbrical contracts, ordinarily it pulls the profundus tendon in a distal 
direction and the lateral band in a proximal direction, resulting in extension of the proximal interphalangeal (PIP) and 
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distal interphalangeal (DIP) joints and flexion of the metacarpophalangeal (MP) joint. When flexion is attempted in the 
lumbrical-plus finger, paradoxical extension occurs as the proximally migrated profundus tendon pulls the lumbrical 
proximally, forcing the IP joints into extension via the lateral band.

 11. Why not preserve the profundus function and pad the stump by suturing it to the 
extensor tendon?
In most cases, this procedure would result in the quadriga syndrome, which Verdan named after the Roman charioteers 
who had to control the reins to four horses. Tendon balance is upset by relatively minor changes in length. Verdan 
described the inability to achieve full composite flexion (i.e., clenched fist) if the profundus tendon of one finger is 
pulled to greater-than-normal resting length. The effect is simulated by holding the long or ring finger in extension 
while attempting to make a fist with the others.

 12. Which local flap is most suitable for reconstruction of multiple fingertip injuries on 
the same hand?
The cross-finger flap uses tissue from the dorsum of the middle phalanx but can be designed with equal versatility and 
reliability from the proximal phalanx or palmar or axial surfaces. This technique allows concurrent repair of three or 
sometimes even four adjacent fingertip injuries.

 13. What vital structure is susceptible to injury during elevation of a thenar flap?
The radial digital sensory nerve to the thumb, which courses along the surface of the flexor pollicis brevis muscle.

 14. Some authors have worried about permanent joint contractures after thenar 
flap use and cautioned against this technique in older patients. Is such concern 
warranted?
The thenar flap requires 10 to 14 days of immobilization with the PIP joint in flexion. In a review of 150 cases, Melone 
and Beasley found only six patients who demonstrated stiffness, usually with less than 15° of extension loss. Thirty-one 
patients were older than 50 years, and only one had persistent stiffness.

 15. Neglect of what key technical element in direct closure of a digital amputation 
typically results in a persistently painful finger?
Failure to resect a sufficient length of each digital nerve to avoid neuroma formation in the prehensile surface area.

 16. Anesthesia for fingertip injuries usually is accomplished by digital nerve block. What 
measures can significantly decrease the pain associated with local injection?
The first step is to choose the dorsal web spaces, where pain and pressure receptor distribution is proportionately far 
less than in palmar skin. A small-gauge needle (25 gauge or less) disturbs fewer receptors. The pain of injection has 
been shown to be related primarily to the acidic pH of the injectate (plain lidocaine [Xylocaine] ≈3.3 to 5.5). Addition of 
sodium bicarbonate (44 mEq/L) to Xylocaine in a 1:9 ratio (i.e., 1 mL bicarbonate to 9 mL Xylocaine) raises the pH to 
approximately normal tissue range (7.35 to 7.45), lowers pK

a, and results in quicker initiation of the block and shorter 
duration of action. This procedure can be supplemented with straight local injection and/or bupivacaine to extend the 
duration of anesthesia. Avoid mixing bicarbonate with bupivacaine (Marcaine) because it will cause milky precipitation. 
Lastly, a slow injection avoids excessive pressure receptor activation until the anesthetic effect has begun.

 17. What is glabrous skin?
Glabrous skin is devoid of pilosebaceous units and generally heals with less scarring. The best location for obtaining 
glabrous skin for use on hand and fingertip injuries is the ulnar aspect of the hypothenar eminence.

 18. Are there any tricks to obtaining a graft of uniform thickness?
The Pitkin technique used to obtain skin grafts from difficult donor sites is ideal for the hypothenar region. Xylocaine 
with epinephrine is injected subcutaneously to raise a wheal in the shape of the intended graft (drawn with a marking 
pen). A long blade (Weck or Goulian) is necessary except for small grafts, which can be taken with a no.10 or 20 blade. 
The best instrument for this area is a Davol dermatome, which looks like an electric toothbrush (Stanley Simon, a 
general surgeon, designed it in his basement workshop). The Davol dermatome allows harvest of a nearly full-thickness 
graft that will contract minimally yet leave an inconspicuous donor site.

 19. Describe the terminal vascular anatomy of the finger.
The two digital arteries form an anastomotic arch near the terminal insertion of the profundus tendon. The arch then 
gives off two smaller collateral arteries and one larger (<0.7-mm diameter) artery, all of which remain contiguous 
distally with the dorsal network of much smaller caliber. Lateroungual veins are too narrow for microsurgical 
anastomosis. Suitable veins for anastomosis are present on the palmar pulp surface immediately beneath the skin.
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 20. Do neurovascular island flaps eventually integrate sensorally with their new site 
after transfer?
In only 20% to 40% of adults but more frequently in children.

 21. Aside from local flaps, what other techniques can be used to correct soft tissue 
losses to the fingertip?
Composite grafts from the toe distal phalanges provide like tissue with minimal donor morbidity and deformity. Distant 
flaps from the groin, abdomen, chest, and elsewhere are occasionally used, especially when involvement of multiple 
digits makes local donor sites unusable or impractical. Free tissue transfer of toes, either complete or partial, is an 
excellent choice for distal phalangeal reconstruction of the thumb because it results in optimal functional and aesthetic 
restoration.

 22. Cold intolerance after fingertip injury is common. When does it resolve?
Probably never. Previous teaching that cold intolerance was a transient phenomenon has been challenged lately by 
many surgeons’ reports of long-standing persistent symptoms that may become more tolerable but nevertheless remain 
bothersome.

 23. How is sensibility affected after advancement flap reconstruction of the fingertip?
The typical V-Y flaps provide near normal (5 to 7 mm) two-point discrimination, whereas the Moberg and other axial 
refinements of this flap can restore normal sensation (≤5 mm).

 24. Flaps are composite tissues intended to replace missing soft tissues (and 
occasionally muscle, bone, or cartilage) with similar components. Their common 
denominator, when successful, is patency of arterial inflow and venous outflow. 
Associate the following flaps with their respective anatomic descriptions:
1. Axial flap 2. Random flap 3. Island flap 4. Pedicle flap

A ( ) Perfusion derived exclusively through the subdermal plexus of vessels.
B ( ) Arteriovenous connection; “leash” of blood vessels supplies flap.
C ( )  Harvested from an area with a known arteriovenous blood supply while remaining connected by skin and 

subcutaneous tissue to its donor site.
D  ( )  In all respects identical to axial pattern flap, but skin and soft tissue attachments are divided, leaving the flap 

attached only to its dominant blood vessels.

Answers: A (2), B (4), C (1), D (3)

25. Is there a method of systematically describing fingertip injuries?
Yes, the pulp nail bone (PNB) classification system. The PNB classification system is designed to classify fingertip injuries 
based on damage to pulp, nail, and bone (Table 121-1).

Table 121-1. PNB Classification of Fingertip Injuries

PULP (P) NAIL (N) BONE (B)

No injury 0 No injury 0 No injury 0

Laceration 1 Sterile matrix laceration 1 Tuft fracture 1

Crush 2 Germinal + sterile matrix 
laceration

2 Comminuted 
nonarticular fracture

2

Loss: Distal 
transverse

3 Crush 3 Articular fracture 3

Loss: Palmar 
oblique partial

4 Proximal nail bed 
dislocation

4 Displaced basal 
fracture

4

Loss: Dorsal oblique 5 Loss: Distal third 5 Tip exposure 5

Loss: Lateral 6 Loss: Distal two-thirds 6 Loss: Distal half 6

Loss: Complete 7 Loss: Lateral 7 Loss: Subtotal (intact 
tendon insertion)

7

Loss: Complete 8 Loss: Complete 8

Data from Evans DM, Bernardis C: A new classification for fingertip injuries. J Hand Surg 25B:58–60, 2000.
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A

B

C

Figure 121-1. Volar advancement flap for coverage of a distal index finger amputation with bone exposed. This technique is more 
applicable to thumb tip injuries in which less than 1 cm of flap advancement is required for coverage. Injudicious use of this technique in 
a finger can result in significant complications, including necrosis of the entire flap. (From Jebson PJL, Louis DS: Amputations. In Green DP, 
Hotchkiss RN, Pederson WC, Wolfe SW [eds]: Green’s Operative Hand Surgery, 5th ed. New York, Churchill Livingstone, 2005, p 1944.)

 26. Is composite grafting a reliable method for managing fingertip amputations?
Yes. Composite grafting has been shown to be successful in 43% to 80% based on the studies reviewed. The fingertips 
were replanted without any vascular anastomosis. At least one study reported excellent functional recovery.

 27. What factors have the greatest impact on composite graft survival in fingertip 
injuries?
Smoking is by far the most important factor. Diabetes and a crush mechanism may also have an impact on composite 
graft survival.

 28. Is replantation possible in distal tip amputations?
Yes. Microvascular replantation has become possible and is performed for distal tip amputations at several centers 
around the world. The practice is somewhat controversial. Several studies showed good outcomes with sensate tips and 
good cosmetic results. One retrospective study comparing conservative treatment versus replantation showed better 
functional outcome and patient satisfaction with the replant group. However, the cost, length of stay, and transfusion 
rates of the replantation group were much higher.

29. Match Figures 121-1 through 121-5 with the following flaps:
A ( ) V-Y advancement flap with unilateral or bilateral applications
B ( ) Heterodigital random pattern flap, optionally providing sensation
C ( ) Axial advancement flap most appropriate for thumb
D ( ) Random-pattern, palmar-based flap with myriad configurations
E ( ) Palmar advancement flap best suited for dorsal oblique amputations

Answers: (Figure number in parenthesis): A (2), B (3), C (1), D (4), E (5)
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Figure 121-2. Atasoy-Kleinert volar V-Y technique 
is applicable to distal tip injuries with bone exposed 
and when the distal injury is either transverse or 
oblique and sloping in a volar distal-to-dorsal proximal 
direction. In injuries with more volar pad loss, there is 
usually insufficient skin for this technique to be used. 
(From Jebson PJL, Louis DS: Amputations. In Green DP, 
Hotchkiss RN, Pederson WC, Wolfe SW [eds]: Green’s 
Operative Hand Surgery, 5th ed. New York, Churchill 
Livingstone, 2005, p 1943.)

Figure 121-3. Cross-finger flap. The 
flap is raised from the dorsum of the 
middle phalanx of the adjacent digit and 
contoured appropriately to reconstruct 
the defect. (From the Christine Kleinert 
Institute for Hand and Microsurgery, Inc., 
with permission.)
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Figure 121-4. Thenar H-flap. 
(From Jebson PJL, Louis DS: 
Amputations. In Green DP, Hotchkiss 
RN, Pederson WC, Wolfe SW [eds]: 
Green’s Operative Hand Surgery, 5th 
ed. New York, Churchill Livingstone, 
2005, p 1947.)

A B

C D

Figure 121-5. Kutler lateral V-Y technique. (From Jebson PJL, 
Louis DS: Amputations. In Green DP, Hotchkiss RN, Pederson WC, 
Wolfe SW [eds]: Green’s Operative Hand Surgery, 5th ed. New 
York, Churchill Livingstone, 2005, p 1943.)
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122 Ch
ap

te
r

Hand fractures can be complicated by deformity from no treatment, stiffness from overtreatment, and both deformity 
and stiffness from poor treatment.

A.B. Swanson (1970)

 1. Describe the epidemiology of fractures of the metacarpals and phalanges.
Fractures of the metacarpals and phalanges are the most common fractures of the skeletal system, accounting for 10% 
of all fractures in several large series. They are most common in men in the second and third decades of life. Depending 
on the patient population, fractures are most likely due to either industrial accidents or personal trauma.

 2. What is the distribution of fractures according to location?
The distal phalanx is the most commonly fractured bone in the hand (not even considering nail bed injuries), followed by 
the metacarpals. The middle phalanx is the least commonly fractured because of its protected position and the higher 
proportion of cortical to cancellous bone. Metacarpals of the border digits are more exposed and sustain more fractures 
than the central digits. On the other hand, phalanges of the central digits are longer and sustain more fractures than 
the border digits. In adults, metacarpal fractures are more common than phalangeal fractures, whereas in children the 
converse is true. In children, one third of fractures are epiphyseal and 80% Salter II. Fracture stability is seen in three 
fourths of phalangeal fractures, one third of metacarpal fractures, and two thirds of fractures in children. Approximately 
20% of metacarpal and phalangeal fractures are intraarticular.

 3. How are fractures classified?

 4. Describe the initial evaluation of patients with hand fractures.
Crucial to diagnosis and treatment of hand fractures are a thorough history and physical examination. History should 
include handedness, occupation, avocation, mechanism of injury (e.g., crush injury with compartment syndrome), time 
since injury (“golden period”), and place of injury (e.g., home, farm, industry). Physical examination often provides 
the diagnosis and should include local tenderness, swelling, deformity (angulation, rotation, shortening), alignment 
(all fingertips must point toward the scaphoid), range of motion (active/passive flexion and extension, intrinsics), and 
neurovascular status.

 5. How is rotation of a finger fracture evaluated?
With the fingers partially flexed, the fingernails should form a gentle arc. The digits should point toward the scaphoid 
without overlap.

 6. What type of radiographs should be obtained?
Radiographs should include anteroposterior (AP) and lateral views of the individual digit, oblique views when the fracture 
is close to or involves a joint, prereduction and postreduction views, and special views as indicated, such as a Brewerton 
view for clarification of ligament-avulsion injuries of the metacarpal head, a Robert view (true AP of thumb metacarpal 
with hand in maximal pronation) for the first metacarpal–trapezium joint (Bennett fracture), and a reverse Robert view 
for the fifth metacarpal–hamate joint.

 7. What is the Salter-Harris classification of epiphyseal injuries in children?
Salter-Harris I: Occurs in early childhood when the growth plate is thick with large hypertrophying chondrocytes and a 
weak zone of provisional calcification. The fracture occurs through the plate itself, with separation of the epiphysis from 
the metaphysis, usually by a pure shear mechanism. Prognosis is good.

Bones involved: Distal, middle, or proximal phalanx,  •
metacarpal
Location within bone: Base, shaft, neck, head •
Pattern: Transverse, spiral, oblique, comminuted •
Displaced or nondisplaced •

Intraarticular or extraarticular •
Closed or open •
Stable or unstable •
Deformity: Angulation, rotation, shortening •
Associated injuries: Skin, tendon, nerve, vessel •

Norman Weinzweig, MD, FACS, and 
Mark H. Gonzalez, MD, MEng

Metacarpal and phalangeal Fractures
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Salter-Harris II: Usually occurs after age 10 years, through the plate and metaphysis. The epiphysis is separated, and a 
small fragment of metaphysis is broken off with it. Tension by shear or avulsion with an angular force causes cartilage 
failure, whereas compression causes metaphyseal failure.

Salter-Harris III: Usually occurs after age 10 years. An intraarticular fracture of the epiphysis occurs secondary to an 
avulsion force, without involvement of the epiphyseal plate. This type of fracture is associated with a poor prognosis 
unless accurate reduction is performed.

Salter-Harris IV: Occurs at any age; rare in the hand. Fracture occurs from the articular surface through the epiphysis 
plate and metaphysis by compression loading of a portion of the articular surface. Prognosis is poor without anatomic 
alignment.

Salter-Harris V: Occurs at any age; extremely rare in the hand. A compression fracture occurs with damage 
confined to the epiphyseal plate by severe axial load. The prognosis is poor because of potential growth arrest 
(Fig. 122-1).

 8. What is a Seymour fracture?
A Seymour fracture is an epiphyseal injury of the distal phalanx in children that occurs due to hyperflexion. It is 
important that these injuries be recognized and treated because they can result in a foreshortened digit with decreased 
distal interphalangeal (DIP) joint range of motion. This injury usually occurs as an open mallet deformity that is mistaken 
for a DIP joint dislocation. The terminal tendon is attached to the proximal fragment and the profundus tendon is 
attached to the distal fragment causing it to flex. This injury is often accompanied by a transverse laceration of the 
nail matrix with the nail plate malpositioned superficial to the proximal nail fold. Treatment consists of irrigation and 
débridement, fracture reduction, repair of the nail matrix, and replacement of the nail plate beneath the proximal nail 
fold to act as a stent. An external splint is used to maintain the distal fragment in extension.

 9. Describe the general principles for management of hand fractures.
First and foremost, treat the patient, not the radiograph. In general, a force of sufficient magnitude to fracture 
bone can cause significant injury to enveloping structures such as the intrinsic muscles, tendons, ligaments, and 
neurovascular structures. In some cases (e.g., roller or crushing injuries), decompression must be performed in a 
timely fashion.

Most fractures can be treated successfully by nonoperative means. They are functionally stable before or after closed 
reduction and do well with splintage and early mobilization. The goal is restoration of normal function with the three 
Rs: reduction, retention, and rehabilitation. After accurate fracture reduction, the hand should be immobilized in the 
intrinsic-plus or safe position with extremity elevation to minimize edema. Movement of the uninvolved fingers should 
be permitted to prevent stiffness. An exercise program should be directed toward the specific fracture with early 
mobilization of the injured finger. Do not forget that the proximal interphalangeal (PIP) joint is the most important joint 
in the hand.

 10. How are stable fractures managed?
Stable fractures can often be treated by buddy taping and/or splinting. Repeat radiographs are performed at 7 to 10 
days to check the reduction.

 11. What is an unstable fracture?
Unstable fractures cannot be reduced with a closed method or, if reduced, cannot be held in the reduced position 
without supplemental fixation. Closed or open reduction internal fixation (ORIF) are required to provide stability and allow 
early mobilization.

Normal Salter-Harris I Salter-Harris II Salter-Harris IV Salter-Harris VSalter-Harris III

Figure 122-1. Salter-Harris classification of epiphyseal fractures. (From Lister G: The Hand: Diagnosis and Indications, 2nd ed. 
Edinburgh, Churchill Livingstone, 1984, p 50.)
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 12. How are unstable fractures managed?
Initially unstable fractures can be reduced and converted to a stable position by external immobilization (cast, cast with 
metal outrigger splint, AP plaster splint), closed reduction percutaneous pinning (CRPP), or ORIF.

 13. What is the safe position for immobilization of the hand? Why is this important?
The metacarpophalangeal (MCP) joints of the digits are maintained in maximal or near maximal flexion. The head of 
the MCP is cam shaped, and flexion maintains the collateral ligaments at maximal length. When splinted in extension, 
the collateral ligaments can shorten, causing a loss of flexion. The interphalangeal (IP) joints of the digits are splinted in 
near-full extension. Splinting in flexion allows the development of checkrein ligaments, causing volar plate contracture 
and permanent loss of flexion at the IP joints.

 14. Describe the different methods of internal fixation.
See Table 122-1.

 15. What is the apex dorsal bending rigidity (Newton-meters) for the different internal 
fixation techniques in metacarpal fractures?
Dorsal plate and lag screw (0.55), dorsal plate (0.50), and crossed K-wire, K-wire and intraosseous wire, or intraosseous 
wire (0.07 to 0.08). Although the latter three techniques do not allow true rigid fixation, they do allow bony union and 
thus fracture treatment.

 16. What are the indications for internal fixation?
 • Uncontrollable rotation, angulation, or shortening
 • Multiple digit fractures that are difficult to control
 • Displaced intraarticular fractures involving more than 15% to 20% of the articular surface

Table 122-1. Fracture Stabilization Techniques

IndIcaTIons  
(fracTure Types) advanTages dIsadvanTages

Kirschner pins Transverse
Oblique
Spiral

Available and versatile
Easy to insert
Minimal dissection
Percutaneous insertion

Lacks rigidity
May loosen
May distract the fracture
Pin tract infection
Requires external support
Splint/therapy awkward

Composite wiring Transverse
Oblique
Spiral

More rigid than 
Kirschner pins

Low profile
Simple and available

Pin/wire migration
Secondary removal 

(sometimes)
Exposure may be significant

Intramedullary 
device

Transverse
Short oblique

No special equipment
Easy to insert
No pin protrusion
Minimal dissection

Rotational instability
Rod migration

Interfragmentary 
fixation

Long oblique
Spiral

Low profile
Rigid

Special equipment
Little margin for error

Plate and screws Multiple fractures with soft 
tissue injury or bone loss

Markedly displaced shaft 
fractures (especially 
border metacarpals)

Intraarticular and 
periarticular fractures

Reconstruction for 
nonunion and malunion

Rigid fixation
Restore/maintain 

length 

Exacting technique
Special equipment
Extensive exposure
May require removal
Refracture
Bulky

External fixation Restore length for 
comminution and bone 
loss

Soft tissue injury/loss
Infected nonunion

Preserves length
Allows access to bone, 

soft tissue
Percutaneous insertion
Direct manipulation of 

fracture avoided

Pin tract infections
Osteomyelitis
Overdistraction: Nonunion
Neurovascular injury
Fractures through pin holes
Loosening

From Green DP (ed): Operative Hand Surgery, 3rd ed. New York, Churchill Livingstone, 1984, p 705.
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 • Fracture–subluxations of the thumb and little finger carpometacarpal joints
 • Unstable fractures: Failure of closed manipulation, as in spiral fractures of the proximal phalanx or transverse 
metacarpal fractures

 • Metacarpal head fractures
 • Open fractures

 17. What are the advantages of K-wire fixation?

 18. What are the disadvantages of K-wire fixation?
 • K-wires may loosen
 • K-wires may distract fracture fragments
 • Lateral bands may be skewered
 • Cannot obtain true compression or rigid fixation
 • Multiple attempts may convert a simple closed fracture to a comminuted open fracture that is impossible to fixate
 • Pin tract infection

19. How soon can motion be started?
For nondisplaced fractures treated in closed fashion, motion can be started within 3 weeks if the fracture is stable. 
Midshaft proximal phalangeal fractures require 5 to 7 weeks for complete bony healing. Midshaft middle phalangeal 
fractures require 10 to 14 weeks for complete bony healing of the exceedingly hard cortical portion of the bone (same 
as scaphoid fractures).

 20. How long do fractures requiring open reduction or severely comminuted fractures 
with disruption of the periosteum take to heal?
Twice as long as simple fractures.

 21. Describe the treatment of extraarticular fractures of the distal phalanx.
The distal phalanx is the most commonly fractured bone in the hand. The middle finger and thumb are most frequently 
involved in fracture. The mechanism of injury usually is a crush injury with significant soft tissue involvement. 
Comminuted distal phalangeal fractures generally demonstrate twice as many fragments intraoperatively as on 
radiographs. Anatomic reduction usually is not necessary unless the articular surfaces are involved. Splinting is 
performed for protection and pain control and discontinued after 3 to 4 weeks. The two more proximal joints are 
mobilized to prevent stiffness. Epiphyseal plate injuries are treated by closed reduction with hyperextension. Associated 
nail matrix injuries are treated by drainage of the subungual hematoma, fracture reduction, and nail bed repair with 7-0 
chromic suture using loupe magnification.

22. What are the deforming forces in extraarticular fractures of the middle phalanx?
Fragments are displaced by the forces of the central slip, terminal extensor tendon, and flexor digitorum superficialis 
(FDS) insertion. Fractures proximal to the FDS insertion angulate dorsally, whereas fractures distal to the FDS insertion 
angulate volarly.

23. What are the deforming forces in extraarticular fractures of the proximal phalanx? 
How are they treated?
Proximal phalangeal fractures angulate volarly, with the interossei flexing the proximal fragment and the central slip 
extending the distal portion. Stable, nondisplaced, or impacted middle and proximal phalangeal fractures are treated by 
temporary protection with a splint followed by dynamic splinting (buddy taping). Closed reduction and immobilization of 
the forearm, wrist, and injured digit as well as the adjacent digit(s) in a cast, cast with metal outrigger, or gutter splint 
usually are adequate. Internal fixation may be used. Various traction techniques or external fixation methods are used for 
markedly comminuted fractures or bone loss. Avoid excessive traction, which may prevent bony union.

24. How are closed diaphyseal fractures of the phalanges treated?
Acceptable angulation of diaphyseal fractures of the proximal and middle phalanges is 10° in any plane. No malrotation can 
be accepted, and allowable shortening is less than 5 mm. If a fracture is minimally displaced, it may be splinted with the MCP 
joints in full flexion and the IP joints in near full extension. Active motion should be started in 3 to 4 weeks to avoid stiffness. 
If the fracture is displaced, closed reduction can be performed. A fracture than cannot be maintained with acceptable 
displacement in a splint is considered unstable. An unstable fracture can be treated with CRPP (Fig. 122-2) or ORIF.  

Easiest technically •
Requires minimal dissection •
Universally available •
Much more forgiving than other methods •

Early motion without rigid fixation •
Supplements other methods of fixation •
“Bailout” after failure of more complex   •
techniques
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Options for internal fixation include intraosseous wiring (Fig. 122-3), compression screws, plates, and intramedullary 
fixation. Diaphyseal fractures of the distal phalanx can generally be treated with closed reduction and splinting.

25. What are the complications of phalangeal fractures?
 • Loss of motion results from tendon adherence at the fracture site and contracture, especially at the PIP joint level. 
Extensor tenolysis rarely improves active PIP joint extension. With flexor adherence, either excise the FDS or resort to 
PIP fusion as a salvage procedure for severe flexion contracture.

 • Malunion secondary to volar angulation after fractures near the base of the proximal phalanx. Treatment consists of 
an opening wedge osteotomy and bone graft.

 • Malrotation after spiral or oblique proximal and middle phalangeal fractures. Treatment consists of an osteotomy at 
the metacarpal or phalangeal levels.

 • Pin tract infection.
 • Nonunion results from bone loss, soft tissue interposition, inadequate immobilization, or distraction at the fracture 
site. Treatment involves resection of nonviable bone and bone grafting.

26. What is the best view for diagnosing metacarpal head fractures?
Metacarpal head fractures are often difficult to diagnose. Brewerton views should be obtained if a metacarpal head 
fracture is suspected.

27. How are metacarpal head fractures treated?
 • Comminuted or oblique fractures with displacement require ORIF with K-wires or small screws.
 • Comminuted fractures limited to the metacarpal head distal to the ligament require early mobilization after protection 
for several weeks. Displaced fractures proximal to the origin of the ligament may require ORIF.

A

B C

Figure 122-2. Three methods of closed reduction percutaneous pinning of a tranverse phalangeal fracture. A, The fracture is reduced, and 
a Kirschner pin is placed in the proximal phalanx in retrograde fashion. B, Alternative method of percutaneous pinning for fractures of the 
proximal half of the shaft. The pins are driven in anterograde fashion. C, Technique for closed reduction percutaneous pin fixation useful for 
extraarticular fractures near the base of the proximal phalanx in which Kirschner pins cross the MCP joint. (From Green DP [ed]: Operative Hand 
Surgery, 3rd ed. New York, Churchill Livingstone, 1993, p 732.)

A B C

Figure 122-3. Intraosseous wire configuration. A, 90-90 wires. B, Single loop with supplemental Kirschner pin. C, Parallel loops.  
(From Green DP [ed]: Operative Hand Surgery, 3rd ed. New York, Churchill Livingstone, 1993, p 738.)



799THE HAND AND UPPER EXTREMITY

 • Collateral ligament avulsion fractures require ORIF if displaced and/or more than 20% to 30% of the joint surface is 
involved. Obtain Brewerton views.

 • Small osteochondral fracture fragments are generally excised.

 28. What are possible complications of metacarpal head fractures?
 • Avascular necrosis of the metacarpal head may occur after horizontal fractures.
 • Epiphyseal arrest may result in shortening of the metacarpal, usually without functional loss.

 29. What is a boxer’s fracture?
A boxer’s fracture is a metacarpal neck fracture, usually resulting from a direct blow with comminution of the volar 
cortex and dorsal angulation. Boxer’s fracture is a misnomer because most metacarpal neck fractures involve the little 
and ring fingers, whereas a professional boxer is most likely to injure the middle or index fingers with a more direct 
central impact of the punch. This results in angulation with the apex dorsal because of the pull of the intrinsic muscles. 
Malunion results in loss of prominence of the metacarpal head, diminished range of motion, and a palpable metacarpal 
head in the palm, which causes pain with grip.

 30. What is the Jahss maneuver?
The Jahss maneuver is a technique for closed reduction of metacarpal neck fractures. Sixty years ago Jahss recognized 
that flexing the MCP joint to 90° relaxed the deforming intrinsic muscles and tightened the collateral ligaments, allowing 
the proximal phalanx to exert upward pressure on the metacarpal head. He applied a cast in two parts, first immobilizing 
the proximal metacarpal fragment and then flexing the MCP and PIP joints, pushing upward on the flexed PIP joint while 
applying the second part. The Jahss maneuver remains the best technique for closed reduction of these fractures; 
however, fingers should never be maintained in the Jahss position (MCP and PIP joints both flexed at 90°). Instead, after 
reduction the fingers should be held in an intrinsic plus splint (Fig. 122-4).

 31. How much angulation can be accepted in metacarpal neck fractures? How are they 
treated?
The amount of angulation that should be accepted is controversial. Angulation is unacceptable if it involves pseudoclawing 
of the finger on distal extension. Pseudoclawing is compensatory MCP joint hyperextension and PIP joint flexion on 
attempted extension of the digit. Up to 40° of angulation can be accepted in the mobile ring and little metacarpals. Closed 
reduction should be attempted for more than 15° of angulation. No more than 10° to 15° of angulation is acceptable for 
the index and middle metacarpals. These fractures are often associated with a lack of compensatory carpometacarpal 
motion. ORIF is required; crossed K-wires or tension band wiring may be used. For less than 15° of angulation, an ulnar 
gutter splint is applied for 10 to 14 days. For 15° to 40° of angulation, reduce and apply an ulnar gutter splint for 3 weeks. 
For greater than 40° of angulation, volar comminution, extensor lag, or unacceptable reduction, treat with percutaneous 
pinning. ORIF usually is not necessary. Angulation exceeding the recommended degrees can lead to a prominent 
metacarpal head in the palm and painful grasp. Any rotational deformity is unacceptable (Fig. 122-5).

 32. How are metacarpal shaft fractures treated?
Transverse fractures usually are caused by direct blows (axial loading). They demonstrate dorsal angulation secondary to 
the strong volar force exerted by the interosseous muscles. The more proximal the fracture, the less the angulation that 
can be tolerated. Oblique and spiral fractures result from torsional forces acting on the finger as a lever arm. No rotation 
is acceptable because as little as 5° of rotation in a metacarpal fracture may cause up to 1.5 cm of digital overlap. Up to 

A B

Figure 122-4. Jahss maneuver for reduction of a metacarpal 
neck fracture. A, Arrows indicate direction of pressure application 
for fracture reduction. B, After reduction, the fingers are held in 
an intrinsic-plus position in an ulnar gutter splint with molding 
as indicated by the arrows. (From Green DP [ed]: Operative Hand 
Surgery, 3rd ed. New York, Churchill Livingstone, 1993, p 701.)

A

B

Figure 122-5. Tension band wiring (A) and single 
Kirschner pin fixation (B) of a metacarpal neck fracture. 
(From Green DP [ed]: Operative Hand Surgery, 3rd ed. New 
York, Churchill Livingstone, 1993, p 703.)
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5 mm of shortening is acceptable. The intermetacarpal ligaments minimize the degree of shortening. Closed reduction 
and plaster immobilization usually are adequate. Placing a patient in a “clamdigger” or intrinsic plus splint prevents 
contractures. If closed reduction is unsuccessful, perform an open reduction with percutaneous pinning or another method 
of internal fixation, such as plating or lag screw compression (Fig. 122-6). Immobility is the chief cause of stiffness.

 33. What are the complications of metacarpal fractures?
(1) Malunion causes dorsal angulation, which can disturb intrinsic muscle balance and produce metacarpal head 
prominence in the palm with pain on grasping. This complication is treated by a volar opening wedge osteotomy and 
plate fixation. A rotational deformity is corrected by an osteotomy to the metacarpal base. (2) Nonunion is caused by 
bone loss from a gunshot wound or distraction that prevents bone approximation and healing. (3) Other complications 
include MCP extension contractures, intrinsic muscle contractures, pin tract infection, tendon adherence, and 
refracture.

 34. What is a Bennett fracture?
A Bennett fracture is an intraarticular fracture–subluxation involving the base of the thumb metacarpal. It results in 
a vertical or oblique fracture through the volar beak of the metacarpal, exiting the diaphyseal–metaphyseal junction 
ulnarly. The strong anterior oblique ligament (volar beak ligament) stabilizes the variably sized ulnovolar fragment in 
anatomic position while the metacarpal fragment subluxates radially, proximally, and dorsally. The major deforming 
forces are the abductor pollicis longus and adductor pollicis. Supination also occurs.

35. What is the epidemiology of Bennett fractures?
Bennett fractures are 10 times more common in men than in women. Patients usually are in their 30s; the dominant 
hand is injured in 70% of cases. Most patients sustain an axial blow to the thumb with the metacarpal in some degree 
of flexion from a fall on an unstretched hand, striking a blow with a clenched fist, falling on a ski slope, or impact of the 
hand against a dashboard. Concomitant fractures are uncommon; the trapezium is most commonly involved.

36. How are Bennett fractures treated?
Treatment requires anatomic reduction by either CRPP or ORIF and pinning or screw placement (Fig. 122-7). Reduction 
of the fracture–dislocation is easy, but retention is difficult. Longitudinal traction is applied to the thumb metacarpal, 
which is radially extended and pronated with direct pressure over the fracture site. The thumb metacarpal is then 
stabilized by fixing it to the index metacarpal, trapezium, or both, using one or two pins—between the thumb and 
index metacarpals, thumb metacarpal to trapezium, thumb metacarpal to ulnovolar fragments, or any combination of 
the above.

37. What is a reverse Bennett fracture?
It is an intraarticular fracture–dislocation involving the base of the little finger metacarpal. It is analogous to a Bennett 
fracture of the thumb. The deforming forces are the extensor carpi ulnaris and hypothenar muscles. Anatomic reduction 
of the mobile carpometacarpal (CMC) joint is necessary.

38. What is a Rolando fracture?
A Rolando fracture is an intraarticular fracture of the base of the thumb metacarpal in T, Y, or comminuted form. 
Treatment consists of closed or open reduction and K-wire pinning. For comminuted fractures, mold in a thumb spica 
cast for 3 to 4 weeks. A classic two-part Rolando fracture can be reduced and interfragmentary fixation performed with 
either multiple K-wires or a plate (Fig. 122-8).

A B C

Figure 122-6. Techniques for Kirschner pin 
fixation of metacarpal shaft fractures. A, Transverse 
pins can be inserted percutaneously or open.  
B, Retrograde intramedullary fixation. Note that the 
pin is backed out so that it does not remain in the 
MCP joint. C, Crossed pins (left) and supplemental 
25-gauge stainless steel wire (right). (From Green 
DP [ed]: Operative Hand Surgery, 3rd ed. New York, 
Churchill Livingstone, 1993, p 705.)
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39. What role does the CMC joint of the little finger play?
The CMC joint of the little finger allows 30° of flexion and extension. Rotation allows normal cupping of the palm in grip 
(opposition). Inadequate reduction results in major residual functional disability with weakness of grip.

40. How are open fractures treated?
All open fractures must be cultured; patients are placed on intravenous antibiotics. Open fractures are converted to 
clean wounds by thorough irrigation (Hydrojet) and débridement. Fractures caused by gunshot wounds (low velocity) 
generally sustain minimal damage to tendons and nerves. Formal exploration of the entire bullet tract is not necessary; 
the entrance and exit wounds are simply cleansed. Skeletal stability is restored either primarily or as soon as possible 
(as in the case of extensive open injuries with multiple fractures) by simple immobilization, K-wire fixation, external 
fixation, or immediate bone grafting (in special cases). Severely comminuted fractures extending onto joint surfaces 
may discourage any form of fixation, and arthrodesis may be necessary. Soft tissue coverage may be necessary before 
fracture fixation or bone grafting.

41. How are fractures with segmental bone loss treated?
Fractures with segmental bone loss are treated as open fractures. Occasionally, the wound is packed open. Length and 
stability are maintained by K-wires or external fixation. For definitive reconstruction, the various components of the 
injury must be addressed. The soft tissue wound often requires flap coverage. Immediate or delayed bone reconstruction 
is performed with bone grafts. Nerve and tendon reconstruction and vascularized joint transfers may be necessary.

42. What is the “lag screw” technique of interfragmentary compression?
This technique provides rigid fixation and is primarily indicated for long oblique and spiral shaft fractures. It usually 
is indicated for fractures in which the length of the fracture line is at least twice the diameter of the bone. Lag screw 
fixation involves passing a screw through a gliding hole in the near fragment (nonthreaded and of wider diameter than 
the threads of the screw) into a smaller hole in the far fragment (tapped to the same diameter as the screw threads), 
which then grabs the far cortex. As the screw is tightened (lagged), the threads grip and draw the far fragment towards 
the near fragment, approximating the fragments and compressing the fracture. Ideally, longitudinal compressive forces 
are best counteracted by placing the screw 90° to the bone’s long axis, and torsional stresses are best resisted by 
placing the screw 90° to the fracture.
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A B

Figure 122-7. Fixation of a Bennett fracture. A, Kirschner 
pin is inserted between the thumb and index metacarpals. 
B, Pins are passed from the metacarpal shaft into the Bennett 
fragment. (From Green DP [ed]: Operative Hand Surgery,  
3rd ed. New York, Churchill Livingstone, 1993, p 749.)

A B

Figure 122-8. Fixation of a Rolando fracture. A, Provisional 
fixation is accomplished with a clamp and Kirschner pin.  
B, Final fixation is accomplished with a T-plate. T, Trapezium. 
(From Green DP [ed]: Operative Hand Surgery, 3rd ed. New 
York, Churchill Livingstone, 1993, p 751.)
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 1. Explain the difference between true collateral and accessory collateral ligaments.
The thick collateral ligaments of the phalanges arise from the condyles of the proximal bone and insert on the palmar 
third of the distal bone and the distal lateral margin of the palmar plate (also called the volar plate). The true collateral 
ligament inserts distally on bone, whereas the accessory collateral ligament inserts distally on the palmar plate.

 2. What soft tissue structures provide stability to the proximal interphalangeal joint?
Soft tissue structures that compose a box around the proximal interphalangeal (PIP) joint are the collateral ligaments on 
either side, palmar plate, and dorsal capsule (Fig. 123-1). The dorsal capsule is very thin and provides minimal stability 
to the joint. The collateral ligaments on the radial and ulnar sides and the palmar plate are very firm structures. For 
dislocation to occur, at least two of the three strong structures must be disrupted.

 3. How is the functional stability of a joint tested?
The stability is tested through active motion and passive motion. Stability during active motion suggests joint stability 
although a partial ligament tear may exist. Recurrent displacement with active motion indicates major ligament 
disruption. The position in which displacement occurs may indicate the site of disruption. Passive motion provides the 
final assessment of stability. Each collateral ligament as well as the palmar plate is stressed to measure stability.

 4. What are the three types of dorsal PIP dislocations?
Joint dislocations are described with respect to the distal bone in relation to the proximal bone. The three dorsal PIP 
dislocations are (1) subluxation with some articular surface still in contact; (2) dorsal dislocation with no articulating 
joint surface, indicating avulsion of the palmar plate with major bilateral split of the collateral ligaments; and  
(3) fracture–dislocation, which may be stable or unstable (Fig. 123-2). Subluxations, dislocations, and stable 
fracture–dislocations are treated with an extension blocking splint, allowing full active motion except for the last 
30° of extension. Unstable fracture dislocations require operative repair.

Figure 123-1. Three-dimensional ligament–box complex provides strength with minimum bulk. The collateral ligaments provide stability 
on the radial and ulnar sides while the volar plate provides stability on the palmar side. At least two sides of this box must be disrupted for 
displacement of the joint to occur. (From Dray GJ, Eaton RG: Dislocations and ligament injuries in the digits. In Green DP [ed]: Operative Hand 
Surgery, 2nd ed. New York, Churchill Livingstone, 1988, p 778.)
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 5. What is the treatment for chronic PIP dorsal subluxations?
Chronic PIP dorsal subluxations may result from laxity of the PIP palmar plate or an extensor tendon imbalance, 
usually from a mallet deformity resulting in a swan neck posture. If passive PIP mobilization demonstrates a distal 
interphalangeal (DIP) extensor lag, treatment is aimed at correcting the extensor mechanism. PIP palmar plate laxity is 
corrected with either palmar plate reattachment or a joint tenodesis using one slip of the superficialis tendon.

 6. What soft tissue injuries may occur with palmar PIP dislocation?
Volar dislocations of the PIP joint are uncommon. A rotatory compressive force results in a unilateral disruption of a 
collateral ligament and partial avulsion of the volar plate. The involved condyle of the proximal phalanx usually ruptures 
between the central slip and the ipsilateral lateral band. When the dislocation is straight palmar without a rotatory 
component, the central slip may rupture. Following reduction, if full active extension is not present, the PIP joint should 
be immobilized in full extension. Open reduction is necessary only if closed reduction fails.

 7. What structure is primarily involved in posttraumatic fibrosis of the PIP joint?
Collateral ligament fibrosis is the inevitable consequence of PIP dislocation. The fusiform swelling of the PIP joint 
capsule is initially due to hemorrhage and edema. As these resorb, ligamentous fibrosis and inelastic scar develop. 
To minimize these developments, motion should begin as soon as joint stability is assured. Oral steroids should be 
considered 4 weeks after dislocation. When significant loss of motion persists despite a good rehabilitation program, 
surgery should be considered to produce total collateral ligament excision and distal volar plate release.

 8. Are dislocations of the finger DIP and thumb interphalangeal joints common?
No. These dislocations are rare and usually dorsal. The majority of these dislocations are reduced closed and 
immobilized for 10 to 21 days before beginning active motion.

 9. With an injury to another part of the hand, what anatomic difference between the 
metacarpophalangeal (MCP) and PIP joints accounts for MCP joints being immobilized in 
flexion and PIP joints in extension?
The metacarpal head is characterized by a “cam” effect where the length of the collateral ligament attachment to the 
articular surface is greater with the joint flexed at least 50° compared with extended. The PIP joint collateral ligament 
possesses a uniform length in this regard. Splinting metacarpophalangeal (MCP) joints in at least 50° of flexion keeps 
the collateral ligaments on stretch and will not allow their shortening. PIP joint position does not affect the length of the 
collateral ligaments. PIP joints are splinted in extension to avoid a flexion contracture.

10. Describe the anatomic structures that contribute to a complex or irreducible MCP 
joint dislocation.
MCP joint dislocations are most commonly dorsal and involve the index or little finger. The metacarpal head of the index 
finger is detached from the weak membranous portion of the palmar plate, which may become inserted between the 
metacarpal head and the base of the proximal phalanx. The lumbrical muscle is stretched around the radial border of 
the metacarpal head, whereas the flexor tendons are stretched around the ulnar border. The metacarpal head of the little 
finger is entrapped between the abductor digiti minimi and flexor digiti minimi tendons ulnarly and lumbrical muscle and 
flexor tendons radially. Axial traction tightens these structures and makes reduction more difficult. MCP joint flexion and 
axial traction may allow closed reduction.

11. Do digital carpometacarpal dislocations occur?
The ligament configuration of the index and middle carpometacarpal (CMC) joints is very stable, being termed the 
fixed unit. Dislocations of these joints are very uncommon. If dislocations occur at the CMC joints, they most frequently 

A B C

Figure 123-2. Stable and unstable fracture–dislocations. A, The fracture involves less than 40% of the volar base of the middle phalanx 
and leaves a significant portion of the collateral ligaments still attached. This configuration is stable. B, Normal anatomy with collateral 
ligament insertion into the palmar third of the middle phalanx and volar plate. C, This fracture involves more than 40% of the palmar base 
of the middle phalanx. Little or no collateral ligament remains attached. Congruous reduction is unlikely without these ligaments. This 
configuration is unstable. (From Dray GJ, Eaton RG: Dislocations and ligament injuries in the digits. In Green DP [ed]: Operative Hand Surgery, 
2nd ed. New York, Churchill Livingstone, 1988, p 781.)



804 JoinT dislocaTions and ligamenT inJuries

involve the fifth and then the fourth joints and are dorsal. Frequently, a fifth CMC joint dislocation is accompanied by a 
fracture, being termed baby Bennett fracture dislocation. This may be missed with only a posteroanterior radiograph and 
requires operative reduction and fixation.

12. What is a gamekeeper’s thumb?
Injury to the ulnar collateral ligament (UCL) of the thumb MCP joint is common. Forced radial deviation of the thumb 
produces the injury, which results in trauma to the dorsal capsule, UCL, and ulnar aspect of the palmar plate. This injury 
is called a gamekeeper’s thumb or skier’s thumb.

13. What is a Stener lesion?
The UCL of the thumb MCP joint has bony attachments deep to the adductor pollicis aponeurosis. In complete disruptions 
of the UCL from the proximal phalanx, the adductor aponeurosis may become interposed between the distal end of the 
avulsed UCL and its insertion into the base of the proximal phalanx, producing poor healing and persistent ligament 
laxity on the ulnar side of the joint. The disrupted UCL is displaced superficial to the adductor aponeurosis and, thus, 
will not heal without operative repair. This displaced end of the UCL is the Stener lesion. The adductor aponeurosis is 
elevated temporarily, allowing repair of the UCL to the proximal phalanx (Fig. 123-3).

14. Is it clinically important to differentiate between partial and complete ruptures of the 
thumb MCP UCL?
As a general rule, partial ruptures are treated with splint immobilization and complete ruptures require operative repair. 
Patients with both injuries will have tenderness, ecchymosis, and induration over the UCL. In complete ruptures, radially 
directed stress will produce at least 30° more instability compared with the contralateral MCP joint. The test should 
be performed in full extension and in 30° of flexion. Complete ruptures also will not have a definite endpoint to radial 
stress, whereas partial ruptures will have an endpoint. Median and radial nerve blocks may be necessary to complete an 
adequate stress test.

15. What soft tissue structure provides the most stability to the thumb CMC joint?
The saddle contour of the articular surfaces of the thumb CMC joint provide inherent intrinsic stability. The capsular 
thickening composing the volar beak ligament, passing from the trapezium to the volar beak of the thumb metacarpal, is 
a key structure in maintaining CMC stability.

A B C D

Figure 123-3. Displacement of the ulnar collateral ligament of the thumb metacarpophalangeal joint. A, Normal anatomy shows the ulnar 
collateral ligament covered by the adductor aponeurosis. B, With slight radial angulation, the proximal margin of the aponeurosis slides 
distally, leaving a portion of the ligament uncovered. C, With significant radial angulation, the ulnar collateral ligament ruptures at its distal 
insertion. The aponeurosis is displaced distal to the rupture, permitting the ulnar collateral ligament to escape from beneath it. D, As the 
joint is realigned, the proximal edge of the adductor aponeurosis sweeps the free end of the ligament proximally and further away from its 
insertion. This is the Stener lesion. Unless surgically repaired, the ulnar collateral ligament will not heal properly and will be unstable to lateral 
stress. (From Dray GJ, Eaton RG: Dislocations and ligament injuries in the digits. In Green DP [ed]: Operative Hand Surgery, 2nd ed. New York, 
Churchill Livingstone, 1988, p 795.)
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16. Does joint subluxation occur at the thumb CMC joint?
The thumb CMC joint is also referred to as the basal joint. Joint laxity most commonly occurs in postmenopausal 
women from laxity of the volar beak ligament. Laxity produces irregular joint wear and basal joint arthritis between 
the trapezium and metacarpal. The most common form of reconstruction uses the flexor carpi radialis tendon as a soft 
tissue support for the base of the metacarpal, with the remainder of the tendon interposed in the space created by 
excision of the trapezium.

17. What is the most common complication following joint or ligament injury?
Ligament injury requires joint immobilization and may require operative repair. Resolution of intraarticular hematoma 
and swelling leave scar within the joint capsule. Early joint motion will minimize postinjury stiffness, but preference 
must be given to joint immobilization until adequate ligament stability has developed. Most dislocated joints can be 
immediately mobilized following reduction.
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SMALL JOINT ARTHRODESIS

 1. What are the indications for small joint arthrodesis?
The general indications for arthrodesis of any joint also pertain to the hand. They include the following:

 • Pain
 • Instability
 • Joint destruction
 • Deformity resulting from trauma, osteoarthritis, or rheumatoid-type conditions
 • Loss of muscle or tendon function across the joint

More specific indications for small joint arthrodesis in the hand include the following:
 • Painful posttraumatic arthritis or deformity
 • Fixed contractures after burns
 • Rheumatoid arthritis (RA)
 • Severe infection unresponsive to pharmacologic therapy
 • Dupuytren’s contracture with fixed deformity
 • Nerve palsy leading to instability that impedes function
 • Chronic mallet finger deformity unresponsive to conservative treatment
 • As a salvage procedure following failed arthroplasty or tendon reconstruction for deformity such as boutonnière or 
mallet finger

 2. Describe the ideal position for fusion of the metacarpophalangeal, proximal 
interphalangeal, and distal interphalangeal joints of the index, middle, ring, and little 
fingers.
In general, finger metacarpophalangeal (MP) joints should be cascaded from a radial to an ulnar direction beginning with 
25° of flexion in the index finger and adding 5° for each more ulnarly located finger. The proximal interphalangeal (PIP) 
joints should also be cascaded from a radial to an ulnar direction beginning with 40° of flexion in the index finger and 
adding 5° for each more ulnarly located finger. The distal interphalangeal (DIP) joints all should be fused in 0° of flexion. 
In all joints undergoing fusion, there should be no rotation, ulnar deviation, or radial deviation from the normal anatomic 
position. An exception to this rule is the DIP joint of the index and middle fingers where 5° to 10° of supination may be 
useful in achieving pulp-to-pulp pinch with the thumb (Fig. 124-1).

 3. What is the ideal position for fusion of the MP and IP joints of the thumb?
The MP joint is flexed 5° to 15°, with approximately 10° of pronation to facilitate pulp-to-pulp pinch with the fingers. 
The IP joint is also fused in slight flexion, anywhere from 0° to 15° (Fig. 124-2).

 4. A stiff finger is less cumbersome if it is slightly shorter, right?
This is true only for the index, middle, ring, and little fingers. For the thumb, which is involved in nearly all hand 
activities, maximal length should be obtained to allow for functions such as pinch and opposition.

 5. What general principles must be adhered to so that a successful fusion can be 
obtained?
Many techniques have been described for fixation of small joint arthrodeses, each with its own proponents and 
applications. However, no matter what technique is used, several general principles need to be followed:

 • Avoid interposition of any soft tissues between bony surfaces.
 • Remove all cartilage from the joint surfaces.
 • Surface preparation should result in good cancellous to cancellous bone contact.
 • The bony surfaces must be held securely together by internal (or, if needed, by external) fixation.
 • Regardless of technique, the position of fusion should be as close as possible to the position of function.
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 6. What are the internal fixation techniques available for small joint arthrodesis?
Several techniques are available (Fig. 124-3). Internal fixation techniques include the following:

 • Kirschner wires: These can be trimmed at the bone surface and left in situ or be left protruding from the bone so 
that they can be removed once fusion has set in

 • Interosseous wiring
 • Tension band wiring
 • Screw fixation with cortical, lag, or headless compression screw fixation (e.g., Herbert Whipple Screw [Zimmer, 
Warsaw, Indiana] or the Mini-Acutrak Screw [Acumed, Beaverton, Oregon])

 • Plate fixation
 • Bioabsorbable rods and pins: Use of these materials is in its clinical infancy

 7. Which internal fixation technique should be used?
No technique is fail-safe. Nonunion and complications do occur, although reported rates are variable and comparably 
low among the different techniques. The technique that is finally chosen should be based on the size of the bone, the 
patient, and the surgeon’s experience.

 8. Discuss the situations when external fixation may be needed for arthrodesis.
External fixation has limited indications and is not generally used for uncomplicated phalangeal and metacarpal joint 
arthrodesis (Fig. 124-4). Indications for external fixation include the following:

 • Open joint injuries with severe bone and articular surface loss
 • Septic arthritis or osteomyelitis with joint destruction
 • Failed prior arthrodesis by other methods
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Figure 124-1. Ideal position for small joint arthrodesis of the index, middle, ring, and little fingers. (From Weiland AJ: Small joint arthrodesis. 
In Green DP, Hotchkiss RN, Pederson WC [eds]: Green’s Operative Hand Surgery, 4th ed. New York, Churchill Livingstone, 1999, p 96.)
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 9. Is bone grafting necessary for small joint fusions?
Bone grafts usually are not necessary to obtain successful digital joint arthrodeses. In cases of significant bone loss 
from trauma, failed arthroplasty, failed prior attempt at arthrodesis, infection, or in the arthritis mutilans form of RA with 
severe bone loss, bone grafting may be useful.

10. Should all chronic mallet deformities be fused?
No. Studies have shown that even chronic mallet finger deformities may respond to treatment with 8 weeks of DIP 
joint splinting. Patient preference also should be taken into account. Many patients would rather live with a 10° to 

20�
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35�–45�

0�–15�

A B

Figure 124-2. Ideal position 
for thumb joint arthrodesis. (From 
Weiland AJ: Small joint arthrodesis. 
In Green DP, Hotchkiss RN, Pederson 
WC [eds]: Green’s Operative Hand 
Surgery, 4th ed. New York, Churchill 
Livingstone, 1999, p 97.)
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Figure 124-3. Internal fixation techniques available for small joint arthrodesis. A, B, Kirschner wiring. C, D, Interosseous wiring.  
E, Tension band wiring. F, Lag screw fixation. (From Brockman R, Weiland AJ: Small joint arthrodesis. In Green DP [ed]: Operative Hand 
Surgery, 3rd ed. New York, Churchill Livingstone, 1993, p 104.)
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15° extensor lag than undergo surgery to fuse the joint. However, if a significant secondary hyperextension deformity 
develops at the PIP joint, arthrodesis of the DIP joint may be indicated to preserve PIP joint function.

11. Is small joint arthrodesis ever performed in children with open physes?
Yes. Indications for arthrodesis of digital joints in children with open physes are rare, but it may be indicated in cases 
involving congenital problems or cerebral palsy.

12. It is impossible to perform a digital fusion in children without interfering with digital 
growth. True or false?
False. The articular cartilage is carefully shaved off, avoiding damage to the ossification center and the physeal (growth) 
plate. The prepared articular surfaces are then reduced into the desired position of fusion and held in place with 
Kirschner wires until fusion has occurred (Fig. 124-5).

13. What are the most common complications encountered with small joint arthrodesis?
Arthrodesis of the small joints can have its share of complications. They include (1) nonunion, (2) malunion, (3) pin tract 
infection, (4) cold intolerance, (5) skin necrosis, (6) prominent hardware, and (7) vascular insufficiency, seen most often 
following arthrodesis for a fixed flexion deformity.

14. What are the most important considerations for a successful small joint arthrodesis?
 • Indicated for the painful, unstable arthritic joint
 • When relief of pain is more desirable than loss of motion

A B

Figure 124-5. Arthrodesis technique in the presence of open physes. A, Articular and subchondral surfaces are removed from both sides of the 
joint. Note the ossification centers are exposed and preserved. B, Coaptation and fixation with K-wires. (From Weiland AJ: Small joint arthrodesis. 
In Green DP, Hotchkiss RN, Pederson WC [eds]: Green’s Operative Hand Surgery, 4th ed. New York, Churchill Livingstone, 1999, p 104.)

A B

Figure 124-4. External fixation 
technique. A, Double-frame external 
fixation device. B, Bowed Kirschner 
wires with methylmethacrylate. (From 
Weiland AJ: Small joint arthrodesis. In 
Green DP, Hotchkiss RN, Pederson WC 
[eds]: Green’s Operative Hand Surgery, 
4th ed. New York, Churchill Livingstone, 
1999, pp 1–4.)
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 • Precise preparation of bone ends
 • Solid fixation in an optimal position of function
 • Immobilize the fused joint until union is achieved

SMALL JOINT ARTHROPLASTY

15. What should be considered when choosing arthroplasty versus arthrodesis?
Before these procedures in the hand are performed, the condition of adjacent joints must be taken into account. It 
usually is not recommended to fuse contiguous joints because this will severely limit the range of motion of the affected 
digit. As a general rule, arthrodesis provides power and stability, whereas arthroplasty provides range of motion. 
Arthroplasty is more commonly indicated for the more proximal joints (e.g., MP joints of the index, middle, ring, and little 
fingers), whereas arthrodesis is more commonly performed for the DIP joints. Joints that require stability for specific 
functions, such as pinch (e.g., index PIP joint and thumb MP joint), are more amenable to fusion.

16. When is arthroplasty in the small joints of the hand indicated?
Arthroplasty is performed for end-stage arthrosis that results in (1) unrelenting pain, (2) deformity, (3) stiffness, and/or 
(4) dysfunction due to loss of joint surface or joint incongruity.

17. What are some of the underlying conditions for which arthroplasty in the hand are 
performed?
RA and related collagen diseases such as psoriatic arthritis and systemic lupus erythematosus are some of the most 
common disease processes that lead to joint destruction requiring arthroplasty. Arthroplasty may also be indicated for 
osteoarthritis or posttraumatic disease.

18. Arthroplasty in the hand for RA is being performed less frequently. True or false?
True. The course of RA has been remarkably altered by medical management. The arrival of anti–tumor necrosis 
factor drugs (e.g., Enbrel, Remicade) in combination with earlier disease detection and treatment has virtually halted 
progression of the disease.

19. What are the contraindications to arthroplasty?
Ongoing infection is an absolute contraindication for any type of implant arthroplasty. Loss of active range 
of motion across a joint due to damage or paralysis of the flexor or extensor tendons is also a primary 
contraindication.

20. Name the structures necessary for a stable arthroplasty.
Sufficient bone stock should be present to allow for a stable arthroplasty. In addition, preservation of the capsule and 
surrounding ligamentous structures is required. Finally, balanced and intact flexor and extensor tendon function is 
needed to achieve stability. If restoration of joint stability is doubtful, arthrodesis is a better option.

21. Describe the different types of arthroplasty most commonly performed.
Several types of arthroplasty have been described:

 • Resection arthroplasty, in which the diseased articular surfaces are resected and soft tissue may be interposed 
between the two bones

 • Silicone elastomer arthroplasty, in which the distal end of the proximal bone and the proximal end of the distal 
bone are resected, the phalangeal canals are prepared, and a flexible silicone spacer is interposed between the 
two (Fig. 124-6)

 • Hemiarthroplasty, in which only one of the joint surfaces is replaced, usually by a silicone or titanium implant
 • Surface replacement arthroplasty (SRA), in which bone ends are resected and the phalangeal canals are 
prepared for placement of a prosthesis that is made up of two articulating components. In addition to the 
original silicone implants, the new types of SRA prostheses fall into two broad categories: one that is modeled 
after total hip and knee systems consisting of metal (titanium or cobalt chrome) and ultra-high-molecular-
weight polyethylene (UHMWP) that uses cement for fixation (Fig. 124-7); and the other that uses pyrolytic 
carbon implants having an anatomic design that offers some additional degree of articular stability.

22. What is the average arc of motion after PIP joint arthroplasty?
The average arc of motion attained after surgery is between 40° and 60°. Patients should be informed of this 
before surgery so that unrealistic expectations are not left unfulfilled. Patients can still benefit from arthroplasty 
surgery if the arc of motion is redirected into a more functional position or if their postoperative motion becomes 
pain free.
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23. What is perichondral arthroplasty?
This was first described in Europe during the 1970s. Chondral grafts are harvested from the costal cartilages and are 
sutured over the resurfaced ends of adjacent bones of the affected joint. When only cartilage is used, the procedure 
fails due to cartilage necrosis. When an osseous base with overlying cartilage is used, satisfactory results have been 
reported, but only in a small series of patients.

24. Which type of arthroplasty should be performed?
To date, no single implant design far surpasses all others. Silicone elastomer arthroplasty has the longest track record 
and continues to be the most commonly used. Its ability to provide good pain-free motion is a known quantity, but so is 
its incidence of complications and reoperation. The new line of cemented and carbon designs may prove to have a lower 
failure rate, but length of follow-up is relatively short. What may pan out over time is that the level of performance of 
certain implant designs may be specific to the preexisting disease (e.g., RA vs posttraumatic arthritis).

25. Discuss the common complications encountered with the use of silicone implants.
The most common complications associated with the use of silicone implants are prosthetic fracture, dislocation, and the 
formation of silicone-induced particulate synovitis with osteolysis and cyst formation. Use of a newer high-performance 
elastomer and circumferential grommets has reportedly decreased the incidence of fracture in hinged implants. However, 
high-performance elastomer (especially when used in areas of heavy loading such as the carpus) has also been 
associated with a higher incidence of silicone-induced particulate synovitis, thus curtailing the indications for its use.

26. What are the early and late complications associated with small joint arthroplasty?
The common complications encountered with small joint arthroplasty are essentially the same as those encountered 
with arthroplasties in general. Early complications include (1) wound breakdown, (2) infection, (3) prosthetic dislocation, 
and (4) nerve injury. Late complications include (1) loss of motion, (2) recurrent deformity, (3) prosthetic loosening, and 
(4) prosthetic fracture.

A B

Figure 124-7. Convex condylar titanium implant. A, Photograph of prosthesis prior to implantation. B, Radiograph of thumb with 
carpometacarpal arthritis before (left) and after (right) implantation of the prosthesis (arrow).

A B

Figure 124-6. Hinged silicone prosthesis with grommets (arrows). A, Photograph of prosthesis prior to implantation. B, Radiograph  
of implanted prostheses at the metacarpophalangeal joints of the index, middle, ring, and little fingers on the right hand.
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27. What are the most important considerations for a successful small joint 
arthroplasty?
 • Indicated for painful, stiff, or deformed joint
 • Contraindicated when bone stock or soft tissue stability is poor or when infection is ongoing
 • Preferred in sedentary patients over heavy laborers
 • Anticipate therapy and motion to begin within a few days after surgery
 • Advise patients of potential complications
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Flexor Tendon InjurIes

 1. Should acute flexor tendon lacerations be repaired primarily?
The concept that tendons can be immediately repaired in zones I and II with the expectation of restoring a favorable 
amount of tendon excursion has advanced from doubtful theory to general acceptance. Almost all studies have shown 
superior results compared with flexor tendon grafting. Advantages of primary tendon repair include the fact that the 
tendon is returned to its normal length, the period of disability necessitated by wound healing and later grafting is 
reduced, the tendency for joint stiffness is decreased, and the results of secondary lysis, when necessary, should be 
better.

 2. What is the orientation of the flexor digitorum profundus and flexor digitorum 
superficialis tendons at the level of the proximal phalanx?
Once within the flexor sheath, the flexor digitorum superficialis (FDS) tendon begins to flatten. It then splits and divides 
around the flexor digitorum profundus (FDP) tendon. The two slips of the FDS tendon reunite deep to the FDP tendon, 
with half of the fibers decussating and the other half continuing distally on the same side. The reuniting of fibers of the 
FDS tendon is known as the chiasm of Camper. Beyond the chiasm, the FDS tendon splits into radial and ulnar slips, 
which insert into the middle three fifths of the middle phalanx (Fig. 125-1).

 3. Where does the flexor tendon sheath begin and end in the digit? Where are the 
various pulleys or thickened areas of the flexor sheath located?
In the fingers the flexor sheath arises at the level of the volar plate of the metacarpophalangeal (MCP) joint and ends at 
the proximal volar base of the distal phalanx. The flexor sheath comprises thickened areas of arcing fibers, referred to as 
annular pulleys, which alternate with thin, flexible areas of crisscrossing fibers called cruciate pulleys. The first annular 
pulley arises from the volar plate of the MCP joint and the second annular pulley from the middle third of the proximal 
phalanx. The first cruciate pulley extends from the distal end of the second annular pulley to the proximal end of the 
third annular pulley, which arises primarily from the volar plate of the proximal interphalangeal (PIP) joint. The second 
cruciate pulley is located between the third and fourth annular pulleys, and the fourth annular pulley arises from the 
middle portion of the middle phalanx. The third cruciate pulley is located between the fourth and fifth annular pulleys, 
and the fifth annular pulley arises from the volar plate of the distal interphalangeal (DIP) plate and proximal volar base of 
the distal phalanx. It is not always possible to identify all of the described pulleys of the flexor sheath (Fig. 125-2).

 4. What are the two ways in which flexor tendons receive nutrition?
Vascular injection studies have long shown the significant role of perfusion via small blood vessel networks called 
vincula, which arise from the digital arteries and ultimately connect into an intratendinous vascular network. Other 
studies have noted that synovial diffusion is the significant nutrient pathway.

 5. What two areas of cellular activity contribute to flexor tendon healing?
Tendons heal by a combination of extrinsic and intrinsic cellular activity. The more intrinsic the cellular activity is, the 
fewer the adhesions. Extrinsic cellular activity primarily relates to peripheral adhesions that are frequently associated 

FDP Camper’s chiasm

FDS

FDS

Figure 125-1. Early in the flexor sheath, the flexor digitorum superficialis (FDS) tendon divides and passes around the flexor digitorum 
profundus (FDP) tendon. The two portions of the FDS reunite at Camper’s chiasm.
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with the tendon-healing process. Although these adhesions have been considered an essential source of repair to cells, 
studies of the intrinsic healing capacity of tendons suggest that adhesions may constitute a nonessential inflammatory 
response at the site of injury.

 6. What is the effect of stress on healing tendons?
If the repaired flexor tendon is not stressed, the healing process may take up to 8 weeks, and repaired tendons have 
minimal tensile strength throughout the healing process. Stressed tendons heal faster, gain tensile strength faster, and 
have fewer adhesions and better excursion than do unstressed tendons.

 7. During what period are flexor tendons weakest after repair?
Strength usually decreases by 10% to 50% between 5 and 21 days after repair in unstressed tendons. It may not 
decrease at all in repairs subjected to early application of the appropriate amount of stress.

 8. List three factors that may lead to tendon adhesion formation.
Tendon adhesion formation can be precipitated by tendon sheath injury, suture, and immobilization. Of these factors, 
immobilization has undergone the most extensive experimental and clinical investigation. Based on these studies, early 
protected mobilization to improve the mechanism by which flexor tendons heal has a sound scientific basis and is the 
best way of inhibiting adhesion formation. Of course, meticulous surgical technique and the underlying severity of the 
trauma to the tendon also affect the production of tendon adhesions.

 9. What factors contribute to the strength of a repaired flexor tendon laceration?
The strength of a tendon repair is roughly proportional to the number of suture strands that cross the repair site and the 
caliber of the suture. An epitendinous suture increases strength of the repair as well. Studies have shown that braided 
polyblend suture (FiberWire, Arthrex, Naples, Florida) has the best biomechanical properties for flexor tendon repair. 
Increasing the number of suture strands across the repair site increases repair strength but adds to technical difficulty 
and increases the volume of suture material at the repair site.

 10. What causes gapping at the repair site? How does it affect tendon healing?
Gapping may occur as repaired tendons begin to rupture through the suture or knot. Gapping also may occur when locking 
loops collapse and allow the tendon ends to pull apart. Gapping at the repair site becomes the weakest part of the tendon, 
unfavorably alters tendon mechanics, and may promote adhesion formation, resulting in decreased tendon excursion.

 11. How can the tendency for gapping at the repair site be decreased?
A peripheral epitendinous suture results in an increase in repair strength and a significant reduction in the tendency for 
gapping at the repair site, particularly if placed 2 mm from the repair site. Improved strength and decreased gapping are 
maintained with cyclic stress. Horizontal mattress or running locked peripheral epitendinous sutures have been shown 
to add the greatest strength and resistance to gap formation.

 12. What are the most commonly used techniques for flexor tendon repair?
Most techniques involve the use of a core suture consisting of two to eight strands to bridge the repair site. Many times 
the ends can first be aligned by repairing the dorsal portion of the tendon with a running, locked 6-0 nylon suture.  

A1 A2 C1 A3 C2 A4 C3 A5PA

Figure 125-2. Lateral (top) and dorsal (bottom) views of the finger depict the components of the digital flexor sheath. The sturdy 
anular pulleys (A1, A2, A3, A4, A5 ) are important biomechanically in keeping the tendons closely applied to the phalanges. The thin, pliable 
cruciate pulleys (C1, C2, C3 ) collapse to allow full digital flexion. A recent addition is the palmar aponeurosis pulley (PA), which adds to the 
biomechanical efficiency of the sheath system.
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We currently recommend four-strand cruciate repair using 3-0 FiberWire (Arthrex) or eight-strand cruciate repair using 4-0 
FiberLoop (Arthrex). The eight-strand cruciate repair is the same technique as the four-strand repair except that a double 
“looped” suture is used. The epitendinous suture is then completed around the palmar aspect of the tendon (Fig. 125-3).

 13. Describe the zones of flexor tendon injury.
Most hand surgeons use a modification of Verdan’s zone system to describe injuries to the flexor tendon system. Zone 
I flexor tendon injuries occur distal to the insertion of the FDS tendon. Zone II injuries are located from the proximal 

Bunnell stitch
(Bunnel)

Kessler grasping stitch
(Kessler)

Double grasping 1 suture
(Taras et al)

Bevel technique
(Becker)

Indiana 4-strand repair
with running lock suture

(Strickland)

Double loop
(Lee)

Interlock stitch
(Robertson and Al-Quattan)

6-Strand using three suture pairs
(Lim and Tsai)

8-Strand repair
(Silva et al)4-Strand cruciate repair

(McLarney et al)

Single-cross grasp 6-strand
(Sandow and McMahon)

Tsuge stitch

Kessler-Tajima stitch

Double grasping 2 sutures
(Taras et al)

Figure 125-3. Flexor tendon repair techniques. (From Strickland JW: Development of flexor tendon surgery: Twenty-five years of 
progress. J Hand Surg [Am] 25:214–235, 2000.)
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edge of the fibroosseous flexor tendon canal to the insertion of the FDS. Zone III injuries occur in the area where the 
lumbricals arise from the FDP tendon in the midpalm. Zone IV injuries occur within the carpal tunnel, and zone V injuries 
occur proximal to the carpal tunnel in the distal forearm (Fig. 125-4).

 14. If the FDS is lacerated in a zone II flexor tendon injury, should it be repaired?
Yes. Decreasing the risk of PIP joint hyperextension, retaining independent motion, and providing a smooth bed for 
the FDP all are reasons to repair the FDS. A two- or four-strand repair of each slip of the FDS is recommended. If 
clinical concern exists for too much bulk at the repair site, one strand should be repaired with four strands and the 
other excised.

 15. In zone II flexor tendon laceration repairs, what area of the sheath can be opened for 
repair? What areas should be preserved?
In opening the intact components of the sheath, every attempt must be made to preserve the A2 and A4 annular 
components to prevent bowstringing, flexion contracture, and loss of motion. The A3 pulley is of lesser importance, and 
the A1 and A5 pulleys can be removed in isolation with no detrimental effect. Tendon repairs should be performed in the 
cruciate synovial sheath windows, which usually can be restored after tendon repair. By acutely flexing the DIP joint 
and, to some extent, the PIP joint, it is possible to deliver the profundus and superficialis stumps into a cruciate window. 
If at least 1 cm of the distal tendons can be exposed in this manner, core sutures can be placed in the profundus 
tendons and two superficial slips without great difficulty. If a lesser length of distal tendon is present in the window, the 
next most distal cruciate synovial interval must be opened for core suture placement.

 16. How do you retrieve a proximal tendon end that has retracted proximally down the 
tendon sheath?
Many clever tactics have been suggested to facilitate tendon capture and repositioning when the proximal ends have 
retracted further down the proximal sheath. One of the most commonly used methods is to pass a small catheter from 
the distal wound into the palm beneath the annular pulleys, where it is sutured to both tendons several centimeters 
proximal to the A1 pulley. The catheter is then pulled distally and easily delivers the tendon stumps into the distal repair 
site. A transversely oriented needle secures the tendons for repair, and the connecting suture can be severed in the palm 
and the catheter withdrawn (Fig. 125-5).

 17. When the proximal ends of the lacerated FDS and FDP tendons retract into the palm, 
how can you correctly orient these tendons when they are brought out more distally 
into the digit?
When the proximal tendon ends have retracted into the palm, it is extremely important to reestablish the proper 
anatomic relationship of the FDP and FDS tendons. The FDP must be passed back through the hiatus created by the 
FDS slips so that it lies palmar to Camper’s chiasm and recreates the relative positioning that was present at the 
level of the tendon laceration. Failure to restore the correct relationship creates an impediment to unrestricted tendon 
gliding after repair.

Zone I

Zone II

Zone III

Zone IV

Zone V

Zone TIII

Zone TII

Zone TI

Figure 125-4. Zones of flexor tendon injuries. T, Thumb zones.
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 18. How should zone I FDP tendon avulsion injuries be repaired?
If the distal stump is short or nonexistent, the FDP stump can be reattached by first elevating a periosteal flap from the 
base of the distal phalanx and then drilling an oblique hole beneath the flap to penetrate the dorsal cortex just beneath 
the proximal fingernail. A double-armed needle with 3-0 sutures is placed in the proximal tendon stump and passed 
through the bone hole. The sutures are used to pull the tendon beneath the periosteal flap and are tied over a cotton 
pad/button combination over the nail. If possible, the tendon attachment should be supplemented by sutures through 
some adjacent sheath or periosteum. Alternatively, two microsuture anchors with 4-0 braided nylon can be used in the 
distal phalanx with two modified Becker type sutures attached to the radial and ulnar aspects of the tendon. This repair 
has the advantage of a higher tensile strength that can allow for early active motion.

 19. Describe the three main types of avulsion injuries to the profundus tendon insertion.
See Fig. 125-6.

 20. How should FDP avulsions in which the diagnosis is delayed for more than several 
months be treated?
Late untreated patients who are asymptomatic are best left alone. For late instability of the DIP joint, fusion should be 
considered. A one- or two-stage flexor tendon graft can be performed in carefully selected patients, but the potential 
risks may outweigh the possible advantages for some patients.

 21. Should partial tendon lacerations be repaired?
Most authorities agree that lacerations up to 50% of the cross-sectional area of the tendon are optimally treated without 
tendon repair and with early mobilization. However, if the tendon laceration is beveled, the risk of entrapment, rupture, 

A B

Figure 125-5. Sourmelis and McGrouther’s method of retrieving flexor tendons. A, A 22-gauge hypodermic needle is passed transversely 
through the anular sheath to maintain tendon position. B, Catheter-tendon suture is cut in palm and withdrawn.

Large distal fragment

Small fragment
at A3 pulley

Profundus in palm

Type I

Type II

Type III

Figure 125-6. In type I injuries, the tendon retracts all the way into the palm and is held there by the lumbrical origin. In type II injuries, the 
tendon retracts to the level of the proximal interphalangeal joint. Type III injuries consist of a large bony fragment that gets caught on the A4 
pulley and prevents retraction of the bony fragment beyond the distal portion of the middle phalanx.
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and triggering increases significantly. In such situations, the beveled portion of the tendon can be either excised or 
repaired with simple sutures. The result is a tendon that allows smoother gliding through the fibroosseous sheath.

 22. What are the indications for tenolysis after flexor tendon repair?
Tenolysis is indicated after repair whenever the passive range of digital joint flexion significantly exceeds the patient’s 
ability to actively flex at the same joint. All fractures should be healed, and wounds should have reached tissue 
equilibrium with soft skin and subcutaneous tissues. Reaction around the scars should be minimal. In addition, joint 
contractures must have been overcome and a normal or near-normal passive range of digital motion achieved.

 23. What is the most frequent complication after early postoperative mobilization 
programs?
A flexion contracture at the PIP or DIP joints may develop after early postoperative mobilization. Prompt recognition of 
the development of contractures, modification of the motion program to permit greater extension, and judicious use of 
dynamic splints help to prevent or overcome such deformities before they progress too far.

 24. How do ruptures occur after flexor tendon repairs? What is the treatment?
Ruptures occur almost without exception when patients have been doing so well with their rehabilitation program 
that they use their hands in an extremely strong manner, such as heavy lifting, well before the tendons have sufficient 
strength to tolerate the extremely high tensile demands of such activity. Rupture of one or both flexor tendon repairs is a 
significant complication. The preferred treatment is prompt reexploration and repair.

 25. Is a four-strand repair augmented by some type of running locked suture strong 
enough to allow early active motion therapy?
Based on experimental and clinical data regarding the stress applied to digits by various degrees of active flexion, it 
is believed that light, active digital flexion carried out with the wrist in extension should be relatively safe for flexor 
tendons repaired with the four-strand technique augmented by a running locked epitendinous suture. This goal can be 
incorporated into a therapy protocol by allowing light active maintenance of full composite digital flexion once the wrist 
is brought from flexion to extension. Others have recommended immediate (2 to 3 days postoperatively) active flexion 
and extension in a splint with the wrist at 30° of extension, the MCP joints flexed to 60°, and both IP joints in extension 
(Fig. 125-7).

 26. When can strengthening exercises be initiated after flexor tendon repair and 
appropriate early therapy protocols?
Based on multiple studies, it is believed that repaired flexor tendons regain sufficient strength by 8 weeks to initiate 
strengthening exercises. The exercises are increased in a gradually progressive manner.

Horizontal mattress
intrafiber suture

(Mashadi and Amis)

Halsted continuous
horizontal mattress suture

(Wade et al)

Cross-stitch epitendinous
repair technique

(Silfverskiöld et al)

Simple running
(Strickland) Running lock loop suture

(Lin et al)

Figure 125-7. Four-strand technique augmented with a running epitendinous suture. (From Strickland JW: Development of flexor tendon 
surgery: Twenty-five years of progress. J Hand Surg [Am] 25:214–235, 2000.)
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 27. Outline the appropriate management of acute flexor tendon lacerations.
 • Acute flexor tendon lacerations should be repaired primarily.
 • A repair technique that involves the use of four to eight strands of suture across the repair site and a running 
epitendinous suture should be used.

 • Preserve the A2 and A4 pulleys to prevent bowstringing, flexion contracture, and loss of motion.
 • Light, active digital flexion carried out with the wrist in extension should be relatively safe for flexor tendons repaired 
with the four-strand technique.

 • Tenolysis is indicated after repair whenever the passive range of digital joint flexion significantly exceeds the patient’s 
ability to flex actively at the same joint.

CONTROVERSIES

 28. Should the flexor sheath be repaired after repair of the flexor tendon laceration?
 • For: Repairing the sheath after tendon suture has the theoretical advantages of providing a barrier for adhesion 
formation, restoring synovial fluid nutrition, and restoring sheath mechanics. Furthermore, repair of the sheath may 
decrease the coefficient of friction between the pulley and tendon during the first few millimeters of proximal excision 
when the repaired tendon passes under the edge of the thick annular pulleys.

 • Against: The sheath often is technically difficult to reestablish, and few valid clinical or experimental data substantiate 
that it improves the results of flexor tendon repair.

 29. Should the epitendinous suture, which is used in repairing acute flexor tendon 
lacerations, be placed initially or after core sutures are placed?
 • Initially: (1) Forcible handling of the tendon is minimized, (2) enlargement of the tenorrhaphy is minimized, (3) the 
sutures may still be buried within the tendon, and (4) the strength of the repair is equivalent to the popular Kessler 
suture technique.

 • After: Placement of core sutures initially as part of the flexor tendon repair allows easy retrieval of the tendons from 
their proximal and distal sites and good approximation of the tendon ends. A running epitendinous suture then can be 
used to tidy the tendon ends and increase the repair strength.
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ExtEnsor tEndon InjurIEs

 1. What are the eight zones commonly used to describe extensor tendon injuries?
Zones I, III, V, and VII (the odd zones) overlie the joints of the hand (i.e., distal interphalangeal [DIP], proximal 
interphalangeal [PIP], metacarpophalangeal [MCP], and carpal joints, respectively). Zones II, IV, VI, and VIII (the even 
zones) overlie the bones (i.e., middle phalanges, proximal phalanges, metacarpals, and distal radius/ulna, respectively) 
(Fig. 126-1).

 2. The thumb is typically divided into how many extensor zones?
Five. The odd zones (I, III, and IV) overlie the joints (IP, MCP, and carpal joints, respectively), and the even zones (II and IV) 
overlie the bones (proximal phalanx and metacarpal, respectively) (see Fig. 126-1).

 3. Do the extensor digiti minimi and extensor indicis proprius tendons run ulnar or 
radial to their respective communis tendons?
The extensor digiti minimi (EDM) and extensor indicis proprius (EIP) tendons usually run ulnar to the extensor digitorum 
communis (EDC) tendon and allow independent extension of the small and index fingers, respectively. However, 
significant variability of the extensor tendons to the index and small fingers, including radial EIP and EDM tendons and 
supernumerary tendons, has been reported in up to 19% of specimens in anatomic studies.

 4. Unlike the flexor tendons, the extensor tendons pass through discrete compartments 
at the level of the wrist. What is the orientation of the extensor tendons at the level 
of the wrist?
The extensor tendons pass through six discrete compartments on the dorsal wrist. The orientation of these tendons 
can best be remembered by the number series 2-2-1-2-1-1, which describes the number of tendon groups that pass 
through each of the six dorsal extensor compartments. Two tendon groups pass through the first (extensor pollicis brevis 
and abductor pollicis longus) and two tendon groups pass through the second dorsal wrist compartment (extensor carpi 
radialis longus and extensor radialis brevis), whereas only one passes through the third compartment (extensor pollicis 
longus). The fourth compartment transmits two tendon groups (EDC and EIP), whereas the fifth transmits only the 
extensor digiti quinti proprius and the sixth transmits only the extensor carpi ulnaris. The orientation of these tendons 
through the appropriate compartments is essential in tendon reconstruction, and repair (Fig. 126-2).
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Figure 126-1. Extensor tendon injury zones.
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 5. Which muscles extend the MCP and IP joints? What is their innervation?
The MCP and PIP joints are extended through the extrinsic EDC (as well as EIP and EDM) tendons supplied by the 
posterior interosseous nerve branch of the radial nerve. The IP joints are extended by the intrinsic tendons of the 
interossei and lumbricals supplied by the ulnar nerve. The intrinsics are able to extend the IP joints because they course 
dorsal to the axis of rotation for these joints (Fig. 126-3).

 6. Which finger and which zones are most commonly injured?
The long finger is the most frequently injured (38% of cases), followed by the index (28%), ring (18%), and thumb and 
small finger (10% each). Zone VI, directly over the metacarpal, is the area frequently injured. (This is also true for the 
thumb, in which zone IV is the area directly over the metacarpal.)

 7. Which general area has the better prognosis after extensor tendon injury: The 
proximal zone (V through VIII) or the distal zone (I through IV)?
The proximal zones have a significantly better prognosis (65% to 75% good/excellent results) than the distal zones (0% to 
40% good/excellent results), probably because the extensor mechanism is simpler more proximally. The extensor tendon 
covers only one side of bone in the proximal zones, with no intricate connections except the juncturae. The more distal 
zones have less excursion and cover the phalanx on three sides, thereby increasing the changes of adhesion formation.

 8. Following a crush injury to the hand, a man has limited flexion of his fingers. How 
do you determine whether this is due to intrinsic muscle fibrosis and scarring or due 
to extensor tendon adherence?
Limited flexion of the fingers after hand injury is a frequent finding. Differentiation of the etiology is essential to guide 
treatment and effective therapy. The test for “extrinsic muscle tightness” is to flex the finger at the PIP joint with the 
MCP joint in flexion and extension. If the PIP joint is more difficult to flex when the MCP joint is in flexion, the problem 
is due to extrinsic muscle tightness or possibly even fibrosis/adherence, and the test for extrinsic muscle tightness is 
positive (Fig. 126-4).

This is because the extensor tendon is draped over the dorsal MCP joint, and the arc of curvature consumes some of the 
available tendon present in a situation of extrinsic tightness. When the finger is straight at the MCP joint, there is a relative 
increase in the amount of extensor tendon available, and flexion at the PIP is less restricted and correspondingly “easier.”
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Figure 126-2. The extensor 
tendons pass through six discrete 
dorsal extensor compartments at 
the level of the distal radius/wrist. 
The numeric sequence 2-2-1-2-1-1  
describes the number of tendon 
groups that pass through each dorsal 
compartment (from radial to ulnar).

Figure 126-3. The dorsal extensor mechanism, illustrating both extrinsic and intrinsic contributions to the extensor mechanism.
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In contrast, the test for “intrinsic muscle tightness” is essentially the opposite, with opposite findings. With the MCP joint 
in extension, the flexion of the PIP joint is more restricted and more difficult, and the test for intrinsic muscle tightness is 
positive. In contrast, when the MCP joint is in flexion, the PIP joint motion is less restricted and correspondingly “easier” 
than with the MCP joint in extension. This is caused by the passage of the intrinsic muscle tendons palmar to the center 
of the arc of MCP joint flexion. As the MCP joint is brought into flexion, the intrinsic tendons course is essentially shorter 
so that additional tendon length is available to allow flexion of the PIP joint (Fig. 126-5).

 9. What are the juncturae tendineae?
Small tendinous bands that course distally from the ring finger EDC to connect with the EDC of the long and small 
fingers. If an EDC is lacerated in zone VI proximal to the junctura, the pull from adjacent juncturae can extend the 
affected finger and mask the injury.

 10. What is a mallet finger or mallet deformity?
This deformity represents droop of the finger into flexion at the DIP joint with inability to extend the distal phalanx fully, if 
at all.

 11. What causes a mallet deformity?
Almost all are secondary to acute injury of the extensor mechanism, usually from a direct blow to the tip of the finger, 
forcing it into flexion.

 12. What are the different types of mallet fingers?
Type I is a tendinous rupture (with or without a small fleck of bone) from the distal phalanx. Type II is a tendon laceration 
at or proximal to the DIP joint. Type III is a deep abrasion with loss of extensor substance. Type IV includes a significant 
fracture of the distal phalanx.

Figure 126-4. Test for “extrinsic muscle tightness.” 
With the metacarpophalangeal joint in flexion, the 
proximal interphalangeal joint is flexed. If there is 
increased resistance to flexion relative to when the 
metacarpophalangeal joint is in extension, the “extrinsic 
test” is positive, demonstrating extrinsic tendon 
tightness.

Figure 126-5. Test for “intrinsic muscle tightness.” 
With the metacarpophalangeal joint in extension, the 
proximal interphalangeal joint is flexed. If there is 
increased resistance to flexion relative to when the 
metacarpophalangeal joint is in flexion, the “intrinsic 
test” is positive, demonstrating intrinsic tendon 
tightness.
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 13. How is a mallet finger treated?
Type II (lacerations) should be sutured; some surgeons use a K-wire to hold the joint in extension. Types I and III should 
be treated with extension splinting consisting of a dorsal or volar AlumaFoam splint or a stack splint. Treatment of type 
IV injuries is controversial. Most experts agree that if the joint is congruous (not volarly subluxed), treatment should 
consist of splinting only. If the joint is volarly subluxed, many advocate reduction with percutaneous pinning. Others 
perform an open reduction with internal fracture fixation.

 14. What is the most important consideration in extensor tendon repair: Strength  
of reconstruction or length of reconstruction?
In the repair of flexor tendons, the critical consideration for tendon repairs is the strength of the repair. This is because 
the flexor musculotendinous unit has much more power than the extensor musculotendinous unit. In addition, the 
architecture of the flexor system, with the “free” excursion of the tendons through pulleys, accommodates small to 
moderate changes in tendon length without difficult or compromise.

Although strength of the repair is always important, the extensor system is a cantilevered system where forces and 
strength are less important than preservation of the precise lengths of the component tendons. This is particularly 
true in more distal injuries overlying the dorsal hand and phalanges. The extension of the joints of the digit is 
contingent upon the precise length relationships of the central slip, the lateral bands, the lateral extensor tendons, 
and the distal extensor tendon. Unlike the flexor side of the hand, the extensor tendons have discrete insertions and 
are not “free” to move through a pulley system. A change in length of a given component of the extensor mechanism 
will lead not only to a deficit in the immediately adjacent joint but also to reciprocal changes in more distal joints. For 
example, a central slip injury will lead to a flexion deformity at the PIP joint and secondarily create a hyperextension 
posturing at the DIP joint. At the level of the wrist extensors, changes in extensor length are better tolerated, but not 
distal to this level.

 15. What is a boutonnière deformity?
A boutonnière deformity consists of a flexed position of the PIP joint and hyperextended position of the DIP joint. It is 
most often found in a chronic inflammatory disorder such as rheumatoid arthritis, but it may occur after an injury in an 
otherwise normal hand. In chronic deformity, synovitis of the PIP joint produces attenuation or destruction of the central 
slip insertion on the middle phalanx. The finger adopts a progressively more flexed position as the extensor pull is lost. 
As the finger slips more into flexion, the lateral bands of the intrinsic mechanism slide volarly, producing an ever 
greater flexion deformity. As they slide volarly, the tension of the intrinsics to the DIP increases, pulling the DIP joint into 
progressively more extension.

 16. What is an acute boutonnière deformity? What biomechanical process produces it? 
How is it treated?
The same basic mechanism is present in an acute boutonnière, in which an injury, usually involving forced flexion 
of the PIP, ruptures the central slip attachment to the middle phalanx. Immediately after an acute injury, the 
patient usually is still able to extend the PIP joint because the lateral bands have not yet slid volarly. The patient 
will be tender dorsally and have pain with extension. The injured finger is most comfortable in flexion because the 
capsule is most capacious in this position. As a consequence, the lateral bands slide volarly, producing deformity 
at the PIP and DIP joints. This deformity usually is quite noticeable approximately 10 days after injury. Open 
injuries (e.g., tendon lacerations) are directly repaired, followed by splinting of the PIP joint in full extension for 5 
to 6 weeks. Closed injuries (e.g., avulsion) are treated by progressive splinting until extension of the PIP joint is 
achieved.

 17. What is the currently recommended repair technique for extensor tendons?
No repair technique is completely accepted. The modified Bunnell technique has been shown to be the strongest and 
most biomechanically advantageous in zone VI, whereas the modified Bunnell or modified Kessler technique is best in 
zone IV.

 18. What is the treatment protocol after extensor tendon repair?
No postoperative protocol is universally accepted. Any repair is contingent on other injuries (fractures, skin loss, flexor 
injury, neurovascular injury). Most surgeons have moved away from static splinting of all joints in extension to protocols 
that encourage tendon gliding, such as the use static splinting of all joints in extension to protocols that encourage 
tendon gliding, such as the use of an extensor outrigger with rubber bands, which allows active finger flexion and 
produces passive finger extension. Newer protocols encourage active finger range of motion under carefully controlled 
circumstances.
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Tendon Transfers

 1. What is a tendon transfer?
The tendon of a functioning muscle is detached from its insertion and reattached to another tendon or bone, to replace 
the function of a paralyzed muscle or injured tendon. The transferred tendon remains attached to its parent muscle with 
an intact neurovascular pedicle.

 2. List the general principles of tendon transfers.
 • One muscle, one function: If a muscle is asked to perform more than one task, it will only move the joint that has the 
tightest attachment.

 • Full passive range of motion of the joints to be powered.
 • Expendable donor.
 • Power of the donor muscle should be similar to that of the injured motor unit (brachioradialis and flexor carpi ulnaris 
are the strongest).

 • Amplitude of the donor muscle should be equal to or greater than that of the injured motor unit (finger flexors have 
the greatest amplitude at 70 mm, wrist flexors and extensors have the least at 33 mm).

 • Direction of the transfer (straight line of pull, if possible).
 • Location and nature of the pulley, if required (only one pulley ideally).
 • Tissue bed into which the tendon is placed (“tissue equilibrium”).
 • Selected fusion to simplify a polyarticular system (preserve tenodesis access of wrist).

 3. How do you select the donor tendons?
 • List the functioning muscles.
 • List which of the functioning muscles are expendable.
 • List hand functions requiring restoration.
 • Match the second and third points: Expendable muscles and required functions.
 • Staging.
 • In phase–out of phase (e.g., finger flexors act in concert with wrist extensors, so transfer of a wrist extensor to restore 
function of finger flexors is a good transfer).

 4. Does a muscle/tendon retain its strength after it is transferred?
No. Typically, the transferred muscle/tendon unit loses one grade of strength, so when choosing donor muscles, bear 
in mind that it is ideal to start with a full strength (5/5) muscle, as it will at best be 4/5 after transfer.

PERIPHERAL NERVE INJURIES

 5. Which deficits in radial nerve palsy from a lesion at the midhumeral level require 
transfers?
 • Loss of wrist extension
 • Loss of finger extension
 • Loss of extension and radial abduction of thumb

 6. In a high radial nerve injury associated with a humeral fracture, is exploration of the 
nerve recommended?
Not in most situations. The results of exploration have not been shown to be any better than observation, except in the 
following settings:

 • Open fracture
 • Associated vascular injury
 • Loss of radial nerve function after attempted closed reduction
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 7. List the standard tendon transfers for radial nerve palsy.
 • Wrist extension: Pronator teres (PT) to extensor carpi radialis brevis (ECRB) (Fig. 127-1).
 • Finger extension: Flexor carpi radialis (FCR) to extensor digitorum communis (EDC) (Starr, Brand) (Fig. 127-2); 
flexor carpi ulnaris (FCU) to EDC (Jones); flexor digitorum superficialis (FDS) of ring fingers to EDC (modified Boyes, 
Chuinard) (Fig. 127-3).

 • Thumb extension/abduction: Palmaris longus (PL) to rerouted extensor pollicis longus (EPL) (Fig. 127-4); FDS IV (ring) 
to EPL (and extensor indicis proprius [EIP]) (Boyes, Chuinard).

 8. What area is affected by low median nerve palsy? What deficits are involved?
Low median nerve injury affects the area distal to the innervation of the flexor pollicis longus (FPL) and flexor digitorum 
profundus (FDP). The following deficits are involved:

EDC

ECRB
ECRL

FCR
PT

Brand transfer

Figure 127-2. The flexor carpi 
radialis (FCR) tendon is transferred 
dorsally and split into two tails so 
that it can be attached in a side-to-
side fashion to all four of the finger 
extensor tendons. The extensor 
digiti minimi to the small finger 
is used as a recipient tendon in 
this transfer because the extensor 
digitorum communis (EDC) to the 
small finger is frequently absent. 
ECRB, Extensor carpi radialis brevis; 
ECRL, extensor carpi radialis longus; 
PT, pronator teres. (From Trumble 
TE: Principles of Hand Surgery and 
Therapy. Philadelphia, WB Saunders, 
2000. Courtesy Thomas E. Trumble.)

ECRB

ECRB

ECRL

EDC

ECRL

PT

PT

R

R

BR

BR

Figure 127-1. Incision along the 
radial border of the forearm allows 
for exposure of the pronator teres 
(PT) after the extensor carpi radialis 
brevis (ECRB) and extensor carpi 
radialis longus (ECRL) have been 
retracted dorsally. The PT is woven 
into the ECRB to reestablish wrist 
extension. BR, Brachioradialis; EDC, 
extensor digitorum communis; R, 
radius. (From Trumble TE: Principles 
of Hand Surgery and Therapy. 
Philadelphia, WB Saunders, 2000. 
Courtesy Thomas E. Trumble.)
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 • Loss of palmar abduction and pronation of the thumb (opposition)
 • Thenar muscles (abductor pollicis brevis [APB], opponens pollicis [OP], variable innervation of flexor pollicis brevis 
[FPB] from ulnar nerve to both heads of FPB)

 • Lumbricals to index and middle fingers
 • Critical sensibility to thumb, index, and middle fingers (implications of numbness for function, protection from 
injury, use of visual feedback after transfers)

 9. What movements are necessary for effective thumb opposition?
Palmar abduction and pronation of the metacarpal, with metacarpophalangeal (MCP) joint stability.

EDC

Modified Boyes transfer

FDS to ring finger
passed between R
and U

FDS to ring
finger cut

Figure 127-3. In the modified version of the 
Boyes tendon transfer, the ring finger flexor 
digitorum superficialis (FDS) is transferred 
through the interosseous membrane to the 
extensor digitorum communis (EDC) and 
extensor digitorum minimi. Alternatively, the 
FDS can be transferred around the ulnar border 
of the forearm to the finger extensor tendons. 
R, Radius; U, ulna. (From Trumble TE: Principles 
of Hand Surgery and Therapy. Philadelphia, WB 
Saunders, 2000. Courtesy Thomas E. Trumble.)

PL

PL

EPL withdrawn from
3rd compartment

EPL cut

EPL

Figure 127-4. The extensor pollicis longus (EPL) tendon is transected proximally while the palmaris longus (PL) is transected distally. A 
Pulvertaft weave is performed securing the PL to the EPL to reestablish thumb interphalangeal joint extension. (From Trumble TE: Principles of 
Hand Surgery and Therapy. Philadelphia, WB Saunders, 2000. Courtesy Thomas E. Trumble.)
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 10. List the options for opposition transfers.
 • EIP (Burkhalter): Preferred by many because as it does not weaken grip (Fig. 127-5).
 • FDS of ring finger through a pulley of FCU (Bunnell, Royle-Thompsen): Divide between A1 and A2 pulleys, not at 
insertion (Fig. 127-6).

 • PL extended by a strip of palmar fascia (Camitz): Preferred in severe carpal tunnel syndrome (CTS), elderly patients; 
provides primarily palmar abduction, no true opposition (Fig. 127-7).

 • Abductor digiti minimi (Huber): Preferred in congenital opposition deficit (Fig. 127-8).
 • FDS little (described by Peimer).

 11. Where do you insert your opposition transfer?
Single insertion into the APB. Dual insertion no longer believed to be necessary.

 12. What are the deficits in a high median nerve injury?
 • Thumb opposition, critical sensibility
 • Loss of flexion at the proximal interphalangeal (PIP) and distal interphalangeal (DIP) joints of the index and middle 
fingers (FDP and all FDS) (Fig. 127-9)

 • Loss of flexion at the thumb interphalangeal (IP) joint (FPL)

13. List the standard tendon transfers for a high median nerve injury.
 • Thumb IP joint flexion: Brachioradialis (BR) to FPL
 • DIP joint flexion of index and middle fingers: Side-to-side tenorrhaphy of index and middle finger FDP tendons to ring 
and little finger FDP tendons

 • Opposition: EIP to APB

APB

EDC

EIP
U

Cut EIP with
portion of hood

EIP around
pisiform

Figure 127-5. Transferring the extensor 
indicis proprius (EIP) around the ulnar border 
of the forearm to the abductor pollicis brevis 
(APB) provides opposition of the thumb. It is 
important to remove the EIP tendon elongated 
by a strip of the extensor hood mechanism to 
provide adequate length to reach the insertion 
of the APB. EDC, Extensor digitorum communis; 
U, ulna. (From Trumble TE: Principles of Hand 
Surgery and Therapy. Philadelphia, WB Saunders, 
2000. Courtesy Thomas E. Trumble.)

APB

APB

FDS

Ring
finger
FDS

Figure 127-6. Tendon transfer of the 
flexor digitorum superficialis (FDS) of the 
ring finger to the abductor pollicis brevis 
(APB) reestablishes thumb opposition. (From 
Trumble TE: Principles of Hand Surgery and 
Therapy. Philadelphia, WB Saunders, 2000. 
Courtesy Thomas E. Trumble.)
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APB

PL

Figure 127-7. Camitz transfer. An extended carpal 
tunnel release provides the exposure to dissect out 
the palmaris longus (PL) extended by a strip of palmar 
fascia. A subcutaneous tunnel allows the PL to be 
transferred and sutured into the tendon of the abductor 
pollicis brevis (APB). (From Trumble TE: Principles of 
Hand Surgery and Therapy. Philadelphia, WB Saunders, 
2000. Courtesy Thomas E. Trumble.)

APB

APB

ADM

Ulnar artery
and nerve

ADM

Figure 127-8. Huber transfer is 
performed by rotating the abductor 
digiti minimi (ADM) across the palm and 
inserting it into the tendon of the abductor 
pollicis brevis (APB). (From Trumble TE: 
Principles of Hand Surgery and Therapy. 
Philadelphia, WB Saunders, 2000. Courtesy 
Thomas E. Trumble.)

FDP

FDP

High Ulnar

A B C

Median

Figure 127-9. A, Patient with a high ulnar nerve palsy with paralysis of the flexor digitorum profundus (FDP) to the small 
and ring finger. B, Patient with a high median palsy and paralysis of the FDP to the index and middle fingers. C, Side-to-
side tendon transfer linking all four FDP tendons together to reestablish flexion of the FDP tendons to the fingers affected 
by the nerve palsy will reconstruct finger flexion for either case. (From Trumble TE: Principles of Hand Surgery and Therapy. 
Philadelphia, WB Saunders, 2000. Courtesy Thomas E. Trumble.)
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14. What are the deficits in a low ulnar nerve palsy?
 • “Clawing” (MCP hyperextension, IP joint flexion) of the ring and little fingers due to loss of the interossei (results  
in loss of independent MCP joint flexion, contributes to loss of grip strength).

 • Loss of thumb adduction due to loss of the adductor pollicis (AdP), first dorsal interosseous (DIO), and the FPB, half 
or all (results in loss of power pinch)

 • Loss of index finger abduction due to loss of the first DIO (contributes to loss of power pinch)
 • Abducted (ulnarly deviated) little finger (Wartenberg’s sign) due to the ulnar deviating force of the extensor digiti quinti 
(EDQ) unbalanced by the loss of the third volar interosseous

 15. What are the transfers for the correction of clawing?
 • Static: MCP joint capsulodesis (rarely done alone)
 • Dynamic, to provide MCP joint flexion alone: FDS divided, looped through a slit in the A2 pulley, and sutured to itself 
(Zancolli “lasso”) (Fig. 127-10).

 • Dynamic, to provide MCP joint flexion and IP joint extension: FDS to radial lateral bands of ring and small fingers 
(modified Stiles-Bunnell) or to proximal phalanx (Littler) (Fig. 127-11).

 • Other dynamic transfers:
 • FCR + BR graft to lateral bands (Riordan)
 • EIP + EDQ to lateral bands through the intermetacarpal spaces (Bunnell-Fowler)

 16. Which transfers primarily increase grip strength in the setting of a low ulnar nerve 
injury?
 • ECRB extended by palmaris or plantaris strips dorsally through the intermetacarpal spaces, to the A2 pulleys or radial 
lateral bands of the middle, ring, and little fingers, plus or minus the index finger (Brand I) (Fig. 127-12).

 • Extensor carpi radialis longus (ECRL) extended by fascia lata strips volarly through the carpal canal into the A2 pulleys 
or the radial lateral bands of the middle, ring, and little fingers, plus or minus the index finger (Brand II).

17. How can you restore thumb adduction?
 • ECRB + free tendon graft to AdP (Fig. 127-13)
 • FDS of middle or ring finger to AdP (Fig. 127-14)
 • BR/ECRL + graft, between the third and fourth metacarpals to AdP (Boyes)

FDS cut

FDS, FDP to
middle finger

A2 pulley

A1 pulley

FDS, FDP to
ring finger

Split FDS to little
finger and ring
finger tendon
sheaths

FDS to intrinsics

Figure 127-10. Zancolli lasso procedure 
provides primarily metacarpophalangeal joint 
flexion by passing slips of the flexor digitorum 
superficialis tendon around the A1 pulley and 
suturing them back onto themselves. FDP, Flexor 
digitorum profundus; FDS, flexor digitorum 
superficialis. (From Trumble TE: Principles of 
Hand Surgery and Therapy. Philadelphia, WB 
Saunders, 2000. Courtesy Thomas E. Trumble.)
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Split FDS to little
finger and ring
finger tendon
sheaths

Figure 127-11. Flexor digitorum superficialis (FDS) tendon transfer to the lateral bands of the small and ring finger corrects the claw 
deformity. (From Trumble TE: Principles of Hand Surgery and Therapy. Philadelphia, WB Saunders, 2000. Courtesy Thomas E. Trumble.)

Tendon grafts

ECRB

ECRL

Figure 127-12. Brand tendon transfer to the intrinsics uses a tendon graft that connects the extensor carpi radialis brevis (ECRB) tendon to 
the lateral bands of the small and ring fingers. The ECRB tendon provides enough power for a four-tailed graft and can be used to e-establish 
intrinsic function to all four digits when combined nerve injuries have produced a complete intrinsic paralysis to the hand. ECRL, Extensor carpi 
radialis longus. (From Trumble TE: Principles of Hand Surgery and Therapy. Philadelphia, WB Saunders, 2000. Courtesy Thomas E. Trumble.)

Tendon graft routed
between adductor
pollicis and 1st
interosseous

Tendon graft
between MC II
and MC III

Extensor
retinaculum

ECRB

ECRL

Tendon
graft

Adductor
pollicis

Figure 127-13. In low ulnar nerve 
palsy, the extensor carpi radialis brevis 
(ECRB) tendon can be transferred to the 
adductor pollicis to restore pinch. The 
tendon graft passes around the second 
metacarpal, using it as the pulley for 
the tendon transfer. ECRL, Extensor 
carpi radialis longus; MC, metacarpal. 
(From Trumble TE: Principles of Hand 
Surgery and Therapy. Philadelphia, WB 
Saunders, 2000. Courtesy Thomas E. 
Trumble.)
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 18. How can you restore index finger abduction?
 • Slip of abductor pollicis longus (APL) + palmaris or other free graft to first dorsal interosseous (Neviaser), combined 
with MCP joint fusion of thumb

 • Other options: EIP (Bunnell) or extensor pollicis brevis (EPB) (Bruner) to first dorsal interosseous

 19. What is the transfer to correct abduction of the little finger (Wartenberg’s sign)?
EDQ to radial collateral ligament of the little finger MCP joint.

 20. How might you improve sensibility in a low ulnar nerve injury?
Digital nerve translocation, using a median innervated digital nerve into an ulnar innervated digital nerve in a crucial 
area, such as the ulnar digital nerve to the small finger.

 21. What are the deficits in a high ulnar nerve palsy?
 • Less clawing of the ring and little fingers (due to loss of the deforming forces of the FDP of the ring and little fingers)
 • Loss of DIP joint flexion of ring and little fingers
 • Loss of power pinch

 22. What are the standard tendon transfers for high ulnar nerve palsy?
 • Side-to-side tenorrhaphy of FDP middle to FDP ring and little fingers (see Fig. 127-9).
 • Split FDS of middle finger (half to ring, half to small finger radial side of A1 or A2 pulleys) to improve MCP flexion and 
to help correct Wartenberg’s sign

 • Conventional tendon transfers for pinch and abducted little finger (ECRB or FDS middle ± graft to AdP; accessory slip 
of APL + graft to first dorsal interosseous for pinch; FDS ring split volar to MCP joint then to radial lateral bands of ring 
and little fingers, if required for clawing)

COMBINED NERVE INJURIES

23. In a low median/ulnar nerve palsy (the most common combined nerve injury), what 
are the key deficits?
 • Complete loss of palmar and volar digital sensation (“blind hand”)
 • Volar pulp atrophy
 • Intrinsic motor loss

24. What are the recommended tendon transfers for reconstruction?
 • Thumb adduction/key pinch: ECRB or ECRL + free graft between third and fourth metacarpals to adductor tubercle of thumb
 • Thumb abduction/opposition: EIP around pisiform pulley and through thenar muscle tunnel to APB, or PL to APB, or 
FDS middle to APB insertion through a pulley of FCU or transverse carpal ligament

 • Thumb–index tip pinch: APL slip with free tendon graft to first DIO and arthrodesis of thumb MCP joint
 • Power flexion of proximal phalanx and integration of MCP and IP motion (correct clawing): ECRL or BR to all four fingers using 

four-tailed free tendon graft and insertion into flexor sheath (A2 pulleys) or lateral bands, or FDS ring, split, to A1/A2 pulleys

Adductor
pollicis

FDS through
hole in fascia

Figure 127-14. Insertion of the flexor 
digitorum superficialis (FDS) tendon and 
its subcutaneous course to the tendon of 
the adductor pollicis. (From Trumble TE: 
Principles of Hand Surgery and Therapy. 
Philadelphia, WB Saunders, 2000. Courtesy 
Thomas E. Trumble.)
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 • Median and ulnar volar sensibility:
 • Neurovascular cutaneous flap from radial-innervated dorsum of hand
 • Superficial radial nerve translocation
 • Cross-finger index-to-thumb fillet flap (superficial radial nerve)

25. What transfers, in addition to those for low median/ulnar nerve palsy, may be useful 
in a high median/ulnar nerve palsy?
 • Finger flexion: ECRL to all four tendons of FDP ± tenodesis of DIP joint of middle, ring and little fingers (Fig. 127-15)
 • Clawing:

 • Tenodesis of all digits with free tendon graft to dorsal carpal ligament (volar to deep transverse metacarpal 
ligament) to extensor mechanism (dorsal aponeurosis, lateral bands)

 • Zancolli “lasso” using volar plate as insertion instead of A2 pulley
 • Thumb–index (or long) pinch (tip pinch):

 • Thumb MCP arthrodesis
 • APL slip to first DIO
 • EIP or EDQ to APB insertion for opposition
 • Thumb IP flexion: BR to FPL in forearm

 • Median and ulnar volar sensibility:
 • Superficial radial innervated fillet flap from index to palm
 • First dorsal metacarpal artery neurovascular island pedicle flap
 • Superficial radial nerve translocation
 • Free vascularized nerve graft

CEREBRAL PALSY

26. List several common hand and upper extremity deformities seen in cerebral palsy 
that may benefit from tendon transfers.
 • Thumb-in-palm deformity (thumb flexed, adducted)
 • Thumb MCP flexed, IP hyperextended or thumb MCP hyperextended, IP flexed
 • Clenched fist
 • Wrist flexed, ulnar-deviated
 • Forearm pronation
 • Elbow flexion

The following factors also should be evaluated:
 • Voluntary hand use
 • Sensibility/cortical representation
 • Fixed joint contractures versus spasticity alone
 • Adiadochokinesis (inability to perform rapid alternating movements)
 • Intelligence quotient

R

U

U

R

Split ECRL

FDP 3 and 4

FDP 1 and 2
BR

FDP

FPL

Figure 127-15. In a combined 
high median and ulnar palsy, flexion 
to the digits can be reestablished 
using a transfer of the extensor carpi 
radialis longus (ECRL) to the flexor 
digitorum profundus (FDP), with the 
brachioradialis (BR) transferred to the 
flexor pollicis longus (FPL). R, Radius; 
U, ulna. (From Trumble TE: Principles of 
Hand Surgery and Therapy. Philadelphia, 
WB Saunders, 2000. Courtesy Thomas 
E. Trumble.)
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 • Function of opposite upper extremity
 • Lower extremities and balance (need for ambulatory aids/wheelchair)
 • Need for prolonged postoperative splinting and therapy to prevent recurrence
 • Goals (hygiene, cosmesis, function)

It is important to do only one or two transfers at a time; otherwise, you may overcorrect and create the opposite deformity.

27. What procedures are used to correct the thumb-in-palm deformity?
 • Imbrication of APL and EPB ± MCP joint arthrodesis, if hypermobile
 • Release spastic/contracted intrinsics
 • Four-flap Z-plasty of first web space contracture
 • EPL rerouting
 • FPL abductoplasty (FPL to APB or MCP joint capsule, fusion or tenodesis of thumb IP joint)

28. What transfers help correct the clenched fist?
 • Superficialis-to-profundus transfer: Most common
 • Flexor/pronator slide (release muscle origins from the medial epicondyle and proximal ulna): Less commonly done today
 • FCU or PT or BR to EDC (only after appropriate releases have been done)

29. What soft tissue procedures correct the wrist flexion/ulnar deviation, with or without 
pronation, seen in cerebral palsy?
 • FCU to ECRB (if primary deformity is tight FCU and weak wrist extension); with prolonged splinting, also helps finger 
contractures

 • Extensor carpi ulnaris (ECU) to ECRB (if primary deformity is loss of wrist extension when fingers are flexed)
 • PT or BR to ECRB
 • PT tenotomy/pronator quadratus release
 • Fractional tendon lengthening

30. If the wrist flexion, ulnar deviation, and pronation are due to a fixed bony deformity, 
what are the treatment options?
 • Proximal row carpectomy (preserves some wrist motion)
 • Radioulnar arthrodesis (if contracture is severe, but rarely done)
 • Wrist (epiphyseal, to preserve growth in a child) arthrodesis (last resort or if sensory loss is profound)
 • Tendon transfers may still be needed for soft tissue balancing

31. Elbow flexion contractures are common in cerebral palsy, although they do not often 
require surgical release. What structures would need to be released?
Biceps, brachialis, brachioradialis, and lacertus fibrosus.

RHEUMATOID ARTHRITIS

32. What is caput ulnae syndrome?
 • Dorsal subluxation of the distal ulna, combined with supination of the carpus on the radius
 • Loss of MCP joint extension of the small finger due to rupture of the EDQ and EDCsmall, followed by progressive 
ruptures of the EDC tendons from ulnar to radial

 • Decreased active and passive forearm supination due to the distal radioulnar joint

33. After the EPL, the digital extensor tendons are the most frequently ruptured tendons 
in rheumatoid patients. They tend to rupture from ulnar (EDQ, EDCsmall,ring) to radial 
(EDCmiddle,index, EIP). What are the options for transfers if the EPL is intact?
 • If only EDQ, EDCsmall are ruptured: Distal end of EDQ sutured to EDCring

 • If EDQ and EDCsmall,ring are ruptured: EIP to EDCring, EDQ
 • If EDQ and EDCsmall,ring,middle are ruptured: EDCmiddle distal end sutured to EDCindex plus EIP to EDCring, EDQ
 • If EIP is also ruptured: FDSring to EDQ and EDCring,middle

 • If all finger extensors are ruptured: FDSmiddle to EDCindex,middle and FDSring to EDCring,small

34. What are the choices for transfers if the EPL is ruptured?
 • EIP to EPL (preferred, if EIP available)
 • EDQ (if intact) to EPL
 • ECRL to EPL (least preferred)
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35. What other disorders are in the differential diagnosis of extensor tendon ruptures  
in rheumatoid patients?
 • Tendon dislocation (due to attenuation of radial shroud fibers)
 • MCP joint dislocation (due to joint changes)
 • Posterior interosseous nerve palsy

36. Flexor tendon ruptures are also seen in rheumatoid patients. Briefly discuss the 
major options for transfers.
 • If FPL is ruptured (Mannerfelt syndrome): FDSring to FPL or IP fusion (good choice if IP joint is already arthritic)
 • If FDPindex and FPL are ruptured: DIP fusion, tenodesis, or transfer FDSindex to FDPindex plus above transfers for FPL
 • If FDS, FDPindex, and FPL are ruptured: distal FDPindex sutured to FDPmiddle plus above for FPL
 • If FDS/Pindex and FDS/Pmiddle are ruptured: FDSmiddle,ring to FDPindex, FDSsmall to FDP

Note: If swan neck deformities are present, try not to use FDS in transfers because they may worsen the swan neck deformity.

TETRAPLEGIA

37. In tetraplegic patients, elbow extension is important for transfer capabilities and 
to reach objects from a seated wheelchair position. How can elbow extension be 
reconstructed with tendon transfers?
 • Posterior deltoid to triceps with free tendon graft (Moberg)
 • Biceps to triceps (Zancolli)

38. In C6 tetraplegics, the lowest functioning level is C6, and wrist extensors are 
functional. How can you provide useful grasp (key pinch)?
Thumb IP fusion and release of proximal thumb pulley + tenodesis of FPL to volar surface of radius (Moberg).

39. In C7 tetraplegics with elbow and wrist extension, how can you achieve pinch?
 • Divide FDSring and transfer to APB, then use BR/ECRL to proximal end of FDSring.
 • Combine thumb carpometacarpal (CMC) joint fusion with BR to FPL, + EPL tenodesis + split FPL stabilization of IP 
joint (one-stage reconstruction)

 • BR to EDC, EPL + FDS lasso to correct MCP joint hyperextension + thumb MCP volar capsulodesis + thumb CMC fusion 
(or APL tenodesis) + PT to FPL and ECRL to FDP (House’s two-stage reconstruction)

40. List the priorities of reconstruction of function in tetraplegia.
 • Elbow extension
 • Simple hand mechanics by selected small joint fusions (i.e., thumb)
 • Reestablish effective key pinch (rather than opposition)
 • Reestablish active finger flexion (with passive tenodesis for digital extension)
 • In lower lesions, if active digital flexion and extension are restored, intrinsic function is reestablished by dorsally 
routed tenodesis

OBSTETRIC BRACHIAL PLEXUS PALSY

41. What are the most common types of brachial plexus injury?
 • C5–C6 (upper trunk; Erb-Duchenne palsy)
 • C5–T1 (complete plexus)
 • C8–T1 (lower trunk; Klumpke palsy) now thought to be very rare

42. What are the most important prognostic indicators in obstetric brachial plexus palsy?
 • Recovery of biceps function by 3 to 6 months of age
 • Nerve root involvement
 • Persistent Horner’s sign

43. What are the primary considerations when contemplating primary brachial plexus surgery?
 • Identify the lesion, resect the neuroma, sural nerve grafting, intraplexal or extraplexal (if nerve root avulsions) sources or 

nerve motor donors
 • Spinal accessory nerve → suprascapular nerve
 • Intercostal nerves
 • Phrenic nerve
 • Ulnar nerve
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44. For a patient with C5–C6 (upper trunk) palsy, what are the primary deficiencies?  
How might you address them?
 • Glenohumeral issues

 • Glenohumeral joint deformities
 • Shoulder weakness of abduction/external rotation (internal rotation and adduction contracture)
 • Scapular winging
 • Glenohumeral arthrodesis
 • L’Episcopo transfer (latissimus dorsi, teres major to posterolateral humeral head with or without anterior capsule 
and subscapularis release)

 • Elbow flexion
 • Bipolar latissimus dorsi pedicled transfer to biceps
 • Functional muscle transfer (free innervated muscle flaps, using musculocutaneous nerve to multiple intercostal 
nerves, or two stage, with nerve graft to contralateral pectoralis nerve, and 1 year later a free gracilis transfer  
[Doi et al.])

 • Pectoralis major to biceps (Clark)
 • Triceps to biceps
 • Steindler flexoplasty (transfer origin of flexor/pronator muscles to 5 cm proximal on humerus)

 • Elbow flexion contracture
 • Splinting versus surgical release versus humeral osteotomy

 • Forearm position
 • May see slight pronation with limited active supination, or supination contracture (total palsy)
 • Biceps rerouting (if good passive pronation) or rotational osteotomy of radius (if fixed in supination, per Al-Qattan, Brunelli)

 45. For a patient with C8–T1 (lower trunk) injury, what muscles are deficient? What 
transfers are useful?
The intrinsics are deficient as well as FCU and FDPring,small.

 • Finger flexion: BR to FPL, ECRL to FDP
 • Opposition: EIP to APB, ECU + tendon graft through intermetacarpal spaces to lateral bands

TRAUMATIC BRACHIAL PLEXUS PALSY

46. What is the recommended assessment protocol for a traumatic brachial plexus injury?
 • Reexamination and electrodiagnostics at 4 to 6 weeks
 • Repeat clinical examination at 3 to 4 months
 • If no return at that point, consider intervention
 • If nerve root avulsions, no reason to wait past 3 months to intervene

47. What options exist for reconstruction/repair of a traumatic brachial plexus injury?
 • Neurolysis
 • Nerve grafting
 • Neurotization (nerve transfer of a functional but less important nerve distally to the motor nerve that innervates a 
given muscle)

 • Free muscle transplantation (gracilis, rectus femoris, contralateral latissimus dorsi)
 • Tendon transfers

48. What is the most important function to restore in a traumatic brachial plexus injury?
Elbow flexion.

ARTHRODESES

49. What are the primary purposes for arthrodesis in patients with a nerve palsy, 
cerebral palsy, or rheumatoid arthritis?
To provide stabilization, to simplify a polyarticular system, and to provide motor power now available for transfer.

50. To facilitate thumb–index tip pinch and to provide proximal thumb abduction stability 
in combined nerve palsies, cerebral palsy, and quadriplegia, what arthrodeses can 
be used?
 • Thumb MCP joint arthrodesis
 • Thumb IP joint arthrodesis
 • Index PIP, DIP joint arthrodesis
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51. In combined nerve injuries, wrist stability is often a problem. Which arthrodesis  
is useful?
Radiocarpal arthrodesis, which also makes extensor tendons available for transfer in a combined median/ulnar palsy.

52. If an adducted thumb cannot be stabilized by transfers (as in cerebral palsy, 
quadriplegia, and combined median/ulnar injury), which bony procedure may  
be helpful?
Thumb CMC fusion.

53. In an upper trunk brachial plexus palsy, shoulder weakness and/or instability may  
be seen. What procedure apart from tendon transfer may be useful?
Glenohumeral arthrodesis.
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Soft tiSSue Coverage of the hand

 1. Which mechanisms of injury to the hand often result in significant soft tissue loss 
requiring reconstruction?
A plethora of destructive culprits awaits the unsuspecting hand. Examples include crush injuries, such as roller or punch 
press mishaps; frostbite; thermal and electrical injuries; and blast injuries. Soft tissue loss requiring reconstruction also 
may result from débridement for infection, excision of neoplasms, subcutaneous infiltrations of intravenous solutions, 
and direct injection of caustic agents.

 2. What injuries present the most difficult challenges for soft tissue coverage?
Injuries involving the tactile surface of the hand with disruption of its sensory supply represent the most difficult 
reconstructive problems. The reconstructive goal must include restoration of sensibility if maximal function is to be achieved.

 3. What are the indications for flap coverage?
A skin graft requires a suitable recipient bed, such as muscle, fascia, paratenon, or periosteum. In the absence of 
structures capable of revascularizing a graft, as in cases of exposed bone without periosteum or exposed tendon without 
paratenon, a well-vascularized flap is necessary to provide durable soft tissue coverage.

 4. How is a wound prepared for flap coverage?
Pulsatile irrigation with several liters of antibiotic solution, débridement of all devitalized tissue, and eradication of 
infection are mandatory prior to flap coverage. Serial débridement and placement of a string of tobramycin-impregnated 
beads beneath a Tegaderm pouch (changed after 3 to 5 days) are often useful approaches in the preparation of a 
contaminated wound.

 5. What is the significance of random and axial flaps?
In the early 1970s, Ian McGregor introduced the concept of random and axial flaps, which was a significant 
breakthrough in the understanding of skin vascularity. Before this time, flap size and design were largely predicated 
on fortuitous length-to-width ratios on a trial-and-error basis, ranging from 1:1 on the extremities to 5:1 on the face. 
A random pattern flap “lacks any significant bias in its vascular pattern” and “is subject to the restrictions hitherto 
generally accepted in flap design,” whereas an axial pattern flap “has an anatomically recognized arteriovenous system 
running along its axis” and, therefore, “is not subject to many of the restrictions that apply to random pattern flaps.”

 6. Describe the venous anatomy of the upper extremity.
Three venous systems exist in the forearm: the superficial epifascial system, venae comitantes, and perforating veins. 
The superficial system consists of the cephalic vein, basilic vein, and communicating veins between them. The venae 
comitantes are paired veins that travel parallel to the radial, ulnar, anterior interosseous, and posterior interosseous 
arteries deep to the fascia. The perforating veins connect the superficial and deep systems. The superficial system and 
venae comitantes contain bicuspid valves, preventing retrograde filling. The valves in the communicating system are 
less constant and usually unicuspid.

 7. How does blood bypass the valves in a retrograde flap?
Initially, it was thought that venous flow occurred through the bypassed valves by collateral veins in the superficial and deep 
systems and by crossover between the venae comitantes, which have valveless communicating branches between certain 
comitantes valves. However, experimental evidence casts doubt on this process as the only mechanism of retrograde 
flow. Timmons has postulated that three processes are necessary for reverse flow to occur: (1) increased venous pressure 
proximal to the valve, (2) disruption of sympathetic tone, and (3) venous filling proximal and distal to the valves.

 8. Can a fasciocutaneous flap be elevated from the dorsal aspect of the forearm?
Yes. A large fasciocutaneous flap—the posterior interosseous artery flap—can be elevated from the dorsal aspect of 
the forearm. This vessel originates from the common interosseous artery in 90% of people and the ulnar artery in 10% 
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and usually is found 2 cm proximal to the ulnar styloid beneath the extensor indicis proprius. The posterior interosseous 
artery flap territory has been shown to extend from the level of the wrist to a point 4 cm below the epicondyles, although 
some contend that the area is limited to the distal and middle thirds of the forearm. It is useful for covering defects of 
the dorsal and palmar aspects of the hand and the first web space.

 9. What is a distant pedicle flap? What are the indications for its use?
Distant pedicle flaps are not based on the involved extremity; donor sites include the chest, abdomen, and groin. Use of 
such flaps necessitates a delay period (usually 2 to 3 weeks) during which the pedicle flap remains attached to both the 
recipient and donor sites. The upper extremity is immobilized to prevent flap disruption; stiffness of the hip and upper 
extremity may occur in older patients as a result. After the delay, the pedicle is divided, the donor site closed, and the 
flap inset. Use of a distant pedicle flap is indicated when local or regional flaps are either unavailable or insufficient to 
provide adequate soft tissue coverage or the patient is not a candidate for free tissue transfer.

 10. What is the most commonly used distant pedicle flap?
The groin flap.

 11. What is the significance of the groin flap?
The groin flap, reported by Ian McGregor and Ian Jackson in 1972, was one of the first axial pattern flaps to be 
described. It was revolutionary because it allowed greater potential for reconstruction of difficult upper extremity 
wounds. It is a versatile flap with a reliable vascular supply that is capable of covering large defects of the hand and 
wrist and provides an excellent tissue bed for subsequent procedures such as tendon reconstruction.

 12. How is a groin flap designed?
The groin flap is supplied by the superficial circumflex iliac artery (SCIA), a branch of the femoral artery, and 
accompanying venae comitantes. The SCIA originates 2 to 3 cm below the midpoint of the inguinal ligament and courses 
laterally parallel to the inguinal ligament until it reaches the medial border of the sartorius muscle. The flap is designed 
by drawing a line from the anterior superior iliac spine (ASIS) to the pubic tubercle to mark the course of the inguinal 
ligament. The femoral artery is palpated 2.5 cm below the ligament at the origin of the SCIA. A line is drawn laterally 
from this point and parallel to the inguinal ligament to mark the course of the SCIA pedicle. The flap is centered over this 
line; the dissection is begun laterally and extended medially to the medial border of the sartorius. The fascia over the 
lateral border of the sartorius is incised and reflected with the flap to ensure inclusion of the pedicle. A flap that is 10 cm 
wide usually allows tubing when the flap is needed for circumferential coverage of degloved digits. Donor sites up to 
12 cm in width can be closed directly (Figs. 128-1 and 128-2).

 13. What are the disadvantages of the groin flap?
 • Dependent position of the hand during attachment and immobilization causes edema with subsequent joint stiffness
 • Difficulty with physical and occupational therapy due to immobilization of the upper extremity
 • Patient discomfort
 • Two-stage procedure

Dominant pedicle: Superficial circumflex iliac artery (D)

D

D Figure 128-1. Groin flap 
design. (From Mathes S, Nahai 
F: Reconstructive Surgery: 
Principles, Anatomy, and Technique, 
Philadelphia, Churchill Livingstone, 
1997, p 1007.)
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 14. How are anterior chest wall and abdominal wall flaps designed?
Anterior chest wall flaps are designed on the anterolateral chest wall or the infraclavicular region. The blood supply is 
derived from the intercostal vessels or the thoracoepigastric system and is oriented in a transverse-to-oblique direction 
toward the midline. Flaps designed on the contralateral chest wall permit easier immobilization of the extremity with the 
elbow flexed than do flaps on the ipsilateral chest wall.

Flaps elevated from the abdominal wall are called epigastric flaps when they are above the umbilicus and abdominal flaps 
when they are below. Epigastric flaps are useful for coverage of large defects of the distal forearm or hand. A superiorly 
based flap crossing the midline obtains vascular supply from both sides. The forearm is placed in a comfortable position 
across the lower chest, and the flap is designed as needed. Most abdominal flaps are inferiorly based random flaps in 
which flap length is restricted to 1.5 times the width. Axial pattern abdominal flaps can be based on the superficial inferior 
epigastric artery (SIEA), a branch of the SCIA, as described by Shaw and Payne in 1946. These flaps vary in length from 
5 to 18 cm and in width from 2 to 7 cm and can be used as tubed flaps with the base of the tube rotated through an arc 
of 180° to facilitate positioning of the hand. Division and inset of each of these flaps is performed at 2 to 3 weeks; donor 
site defects are covered with split-thickness skin grafts at the time of flap elevation or division.

 15. What is a fillet flap?
A fillet flap is a salvage flap consisting of the vascularized soft tissue of an otherwise mutilated digit. After excision of 
the phalanges and tendons, the fillet flap can be used for coverage of adjacent soft tissue defects.

 16. What are the indications for free tissue transfer?
Various situations preclude the use of local, regional, or distant pedicle flaps. Involvement of the hand and forearm in 
an injury may eliminate all potential local or regional flap donor sites. Although distant pedicle flaps, such as the groin 
flap, are useful for coverage of large defects, defects resulting from circumferential injuries are extremely difficult 
to cover with such a flap. Occasionally, defects involving the volar and dorsal aspects of the hand or more proximal 
circumferential defects can be covered by a combined groin and epigastric flap. However, free flaps offer far greater 
versatility and availability of donor sites for coverage of extensive defects. In addition, tailoring of the free flap to suit 
the reconstructive needs of the wound is easily accomplished because of the diversity of available flaps. Limb elevation, 
early mobilization, and the ability to cover even extensive circumferential defects are additional advantages to the use of 
free tissue transfer.

 17. Which free flaps are most commonly used?
Numerous flaps are available for free tissue transfer. A flap is selected based on the particular needs of a given wound, 
including size, geometry, location, and function. Thin, pliable coverage for the dorsum of the hand can be provided by 

Figure 128-2. Relationship of flap pedicle to groin muscle and fascial layers. (From Mathes S, Nahai F: Reconstructive Surgery: Principles, 
Anatomy, and Technique, Philadelphia, Churchill Livingstone, 1997, p 1013.)



841The hand and Upper exTremiTy

a temporoparietal fascia, dorsalis pedis, or radial forearm flap. Thicker coverage for a palmar or forearm defect can be 
provided by a scapular or lateral arm flap. Coverage of an extensive circumferential defect can be provided by a rectus 
abdominis, serratus anterior, or latissimus dorsi flap.

 18. Which flap is commonly used as a regional pedicle flap or free flap?
The radial forearm flap (Fig. 128-3).

 19. How can the radial forearm flap be used as a regional pedicle flap?
The radial forearm flap is designed to include the radial artery when raised as a pedicle fasciocutaneous flap. It can 
be based proximally to cover defects involving the proximal forearm and elbow or distally (reversed) to cover defects 
involving the distal forearm, wrist, and hand (Fig. 128-4).

 20. How is a radial forearm flap elevated?
The course of the radial artery is mapped out with a Doppler and marked on the volar surface of the forearm. The 
required length of the vascular pedicle is measured, and a template of the soft tissue defect is outlined on the proximal 
forearm (for a reversed or distally based flap). The flap may include virtually all of the volar forearm skin, if needed (up to 
14 cm by 24 cm); the donor site is then skin-grafted.

The radial artery and its two venae comitantes are invested in a layer of deep fascia known as the lateral intermuscular 
septum, which separates the flexor and extensor compartments of the forearm and is attached to the periosteum of the 
radius distal to the insertion of the pronator teres. The artery is covered proximally by the brachioradialis; it emerges 
distally between the brachioradialis and flexor carpi radialis to lie superficially, covered only by skin, subcutaneous 
tissue, and deep fascia.

Elevation of the flap is usually begun on the ulnar aspect of the flap and continued toward the radial pedicle. The 
antebrachial fascia is incised and elevated with the skin paddle. The flap is raised in a subfascial plane, exposing muscle 
bellies proximally and tendons distally, with care to preserve the paratenon for subsequent skin grafting. On the radial 
side of the flexor carpi radialis tendon, the dissection passes to a plane deep to the radial vessels, where it proceeds 

D

Dominant pedicle: Radial artery (D)

Figure 128-3. Radial forearm 
flap design. (From Mathes S, 
Nahai F: Reconstructive Surgery: 
Principles, Anatomy, and Technique, 
Philadelphia, Churchill Livingstone, 
1997, p 776.)

Arc of reverse flap to palmar surface of hand

Standard arc to antecubital fossa

Figure 128-4. Proximally and 
distally based radial forearm 
flap designs. (From Mathes S, 
Nahai F: Reconstructive Surgery: 
Principles, Anatomy, and Technique, 
Philadelphia, Churchill Livingstone, 
1997, p 782.)
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to the radial side of the pedicle. The attachment of the lateral intermuscular septum to the periosteum of the radius is 
divided to allow elevation of the vascular pedicle and to ensure inclusion in the flap. Division of the pedicle proximally 
(for a distally based reverse flap) completes the dissection.

When bone is included as an osteofasciocutaneous flap, the attachment of the lateral intermuscular septum to the 
periosteum of the radius must be preserved. A cuff of flexor pollicis longus muscle is left attached to the radius to 
ensure preservation of the periosteal vessels. A keel-shaped segment of radius, not to exceed one third the thickness 
of the bone, is osteotomized and elevated with the flap (Fig. 128-5).

 21. What is the main contraindication to use of the radial forearm free flap?
Both proximally based and reversed (distally based) radial forearm flaps require division of the radial artery. Sacrifice of 
the radial artery is permissible only when sufficient perfusion of the hand by the ulnar artery has been demonstrated by 
a normal Allen’s test. In up to 15% of hands, the ulnar artery does not perfuse the radial digits because of an incomplete 
superficial palmar arch or prior ulnar artery injury. Reconstruction of the radial artery with a vein graft should be 
performed if ischemia of the hand results.

 22. Can a radial forearm pedicle flap be harvested without sacrificing the radial artery?
Elevation of a radial forearm fascial flap is possible without sacrifice of the radial artery. Weinzweig et al. described 
a flap based on perforators from the radial artery, which form a fascial plexus extending 1.5 to 7 cm from the radial 
styloid. It is elevated in proximal-to-distal fashion and is based on 6 to 10 perforators found at the distal portion of the 
forearm. The flap easily reaches the palmar and dorsal aspects of the hand as well as the first web space.

 23. What fasciocutaneous free flap can be harvested from the lateral arm?
The lateral arm flap, described by Song and popularized by Katsaros et al., is based on the posterior radial collateral 
artery and encompasses the posterolateral aspect of the upper arm between the insertion of the deltoid muscle and the 
elbow. Advantages of this flap include (1) relatively constant anatomy; (2) relatively long pedicle (up to 6 cm);  
(3) thin, pliable tissue; (4) use as a neurosensory flap; (5) ease of harvest in the supine position, permitting a two-team 
approach; and (6) direct closure of the donor site for flaps less than 6 cm wide. The only disadvantages associated with 
this flap are hypoesthesia in the distribution of the posterior cutaneous nerve if it is divided or harvested, and the donor 
site scar.

 24. What is the thinnest free flap available for coverage of the dorsum of the hand?
The temporoparietal fascial flap. Described by Upton et al., this flap provides excellent coverage for defects of the 
hand as well as a suitable gliding surface for underlying tendons with a thin, pliable fascia that is then skin-grafted. 
Advantages include relative predictability of the pedicle and a concealed donor scar. Disadvantages include potential 
injury to the frontal branch of the facial nerve during harvest and scalp alopecia.

 25. What is a functional free muscle transfer?
Free tissue transfer of muscle can be performed to restore hand function when major loss of skeletal musculature in 
the forearm results in a significant functional deficit that cannot be sufficiently reconstructed by a simpler procedure. 
Reinnervation with restoration of voluntary active muscle contraction can be accomplished by suturing a motor nerve 
in the recipient area to the motor nerve of the transplanted muscle. Transfer of the gracilis muscle or a segment of the 
latissimus muscle into the flexor compartment of the forearm with suture to the flexor digitorum profundus tendons can 
be performed to restore active finger flexion.

 26. What is a composite free flap?
Composite defects involve multiple structures such as bone, tendon, nerve, and skin. Reconstruction of such defects 
can be accomplished with a composite free flap that incorporates the required structures into a single unit. A defect 

Figure 128-5. Radial forearm 
flap elevation. (From Mathes S, 
Nahai F: Reconstructive Surgery: 
Principles, Anatomy, and Technique, 
Philadelphia, Churchill Livingstone, 
1997, p 789.)



843The hand and Upper exTremiTy

requiring bone, tendon, sensory nerve, and skin may be reconstructed with a radial forearm flap incorporating the 
palmaris longus tendon, lateral antebrachial cutaneous nerve, and a segment of radius. Another choice may be 
the dorsalis pedis flap with incorporation of the superficial or deep peroneal nerve, long toe extensor tendons, and 
metatarsal bone. A third choice may be the lateral arm flap with incorporation of the posterior cutaneous nerve, triceps 
tendon, and a segment of humerus.

 27. What are the advantages and disadvantages of composite free flaps?
Composite free flaps permit single-stage reconstruction of defects that otherwise may require two or three stages. 
The main disadvantages with the use of composite free flaps are donor site morbidity, flap planning and design, and 
technical complexity. Common sense must dictate the planning of the reconstruction and considerations to minimize 
donor site morbidity. In certain situations the size, geometry, or components of a particular defect are better approached 
by multistage conventional procedures. An extensive soft tissue defect with a limited bone defect may be preferably 
managed by transfer of a skin-grafted free latissimus dorsi muscle flap and a nonvascularized iliac crest bone graft.

 28. Describe the neurosensory functions of the hand.
The hand possesses a sophisticated level of sensibility with specialized neurosensory receptors on the dorsum and volar 
surface of the digits. Fingertips have the highest innervated density of any body surface except the tongue. Swartz has 
distinguished between the need for “critical sensibility” of the fingertips and “protective sensibility” of the palm and 
dorsum of the hand. Loss of the volar or tactile surface of the fingers requires replacement with specialized sensory 
cells that can be found only on the hand itself, on the toes, or on the sole of the foot—glabrous skin. Pacinian corpuscles 
and Meissner’s corpuscles are encapsulated sensory endings found exclusively in glabrous skin. Merkel cells, which are 
sensory endings with expanded tips, are also found in glabrous skin. Areas of critical sensibility are covered by glabrous 
skin and are supported by underlying pulp tissue; they include the fingertips, palm of the hand, and sole of the foot.

 29. What are the indications for the use of a sensate free flap?
The hand possesses a limited amount of sensate tissue to reconstruct defects that require sophisticated innervation 
crucial to tactile function. It does not possess sufficient tissue to reconstruct defects greater than those that can be 
covered by a Littler flap or other local innervated transposition flap. Thus, larger defects often require free transfer of a 
sensate flap.

 30. Which sensate free flaps are commonly used?
Defects of the fingers can be reconstructed using the toe pulp neurosensory flap, described by Buncke and Rose, which 
consists of glabrous skin and underlying pulp tissue from the great or second toe. Moving two-point discrimination (2PD) 
of the transferred pulp tissue has been reported to range from 3 to 12 mm. The great toe wraparound flap, described by 
Morrison and MacLeod, is a composite flap of skin, nail, and pulp tissue, with or without the distal phalanx of the great 
toe. The great toe is partially degloved based on the dominant ulnar pedicle. The first web flap, described by May et al., 
uses the highly innervated tissue of the first web space of the foot. The flap is supplied by the first dorsal metatarsal 
artery and branches of the deep peroneal nerve and neighboring plantar digital nerves of both toes. A thin, pliable flap of 
glabrous skin and pulp measuring up to 12 cm × 8 cm can be harvested.

Several free fasciocutaneous flaps can be harvested to provide protective sensibility to a recipient site upon transfer. 
Examples include the lateral arm flap based on the posterior cutaneous nerve, the radial forearm flap based on the 
lateral antebrachial cutaneous nerve, and the dorsalis pedis flap based on the superficial peroneal nerve.

 31. Does tissue expansion have a role in coverage of soft tissue defects of the hand?
In selected cases. Successful soft tissue resurfacing of defects involving the fingers, web spaces, and dorsum of the 
hand have been reported using seamless custom expanders in which the base of the expander is approximately the 
size of the defect to be corrected. Expanders also have been used to recruit tissue for congenital hand anomalies, such 
as syndactyly release, to avoid the use of skin grafts. Small elongated or rectangular expanders are used in such cases. 
Neurovascular compromise, implant extrusion, and infection may occur with the use of tissue expanders.
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InfectIons of the hand

 1. Who was Allen B. Kanavel?
Allen B. Kanavel, Professor of Surgery at Northwestern University Medical School in Chicago, wrote the classic treatise, 
Infections of the Hand, in 1912 during the preantibiotic area, expounding many basic principles in hand surgery. 
His work served as an invaluable guide to the surgical treatment of acute and chronic suppurative processes of the 
fingers, hand, and forearm, including the pathways of spread of infection and placement of surgical incisions. He also 
promulgated the fascial-space concept.

 2. What was the mortality rate associated with hand infections in the  
preantibiotic era?
Acute lymphangitis caused by streptococcal infections of the hand was associated with significant morbidity and 
mortality in the preantibiotic area. Mortality rates as high as 28% were cited in the literature. After the introduction of 
antibiotics, streptococcal species were found to be exquisitely sensitive to penicillin.

 3. What is the most common hand infection?
Paronychia.

 4. What is the most common pathogen responsible for hand infections?
Staphylococcus aureus.

 5. What is the etiopathogenesis of felons?
Felons arise when a penetrating wound contaminates the fat pad of the distal phalanx, producing a closed-space 
abscess. The abscess is associated with progressive tenderness and throbbing pain. A vicious cycle of inflammation, 
congestion, venous compromise, necrosis, and abscess formation is initiated. The abscess generally points in the path 
of least resistance, the site of maximal tenderness. Spontaneous decompression may occur with skin necrosis. If the 
skin is unyielding, felons may result in osteomyelitis, tenosynovitis, or septic arthritis.

 6. What are the possible consequences of untreated or inappropriately treated felons?

 7. What are the different types of incisions for drainage of felons?

 8. Describe the advantages and disadvantages of the incisions listed in Question 7.
Various incisions have been described for the treatment of felons. The fishmouth or alligator mouth incision is mentioned 
only to be condemned; it often results in a painful, unstable scar. The J (or hockey stick) incision and the through-and-
through incision are similar to the fishmouth incision. The volar transverse incision may injure the terminal digital nerve 
branches at the level of the trifurcation. Popular incisions for treatment of felons include the traditional unilateral high 
midlateral incision and the less-known but equally acceptable midvolar longitudinal incision. The midvolar longitudinal 
incision must not be carried proximal to the distal interphalangeal joint crease to avoid problems with contracture. This 
incision avoids the potential problems with a high midlateral incision when the abscess points volarly, predisposing to 
necrosis of the intervening skin bridge.

Painful, unstable, insensate, unaesthetic scars •
Acute flexor tenosynovitis •
Septic arthritis •

Osteomyelitis •
Deep-space infection •
Amputation •

Fishmouth •
J or hockey stick •
Through and through •

Volar transverse •
Midvolar longitudinal •
Unilateral high midlateral •
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 9. What are the advantages of the midvolar longitudinal incision?

10. What complications may follow treatment of felons?
 • Slough of the bridge of normal skin between the incision and central necrosis (high midlateral)
 • Anesthesia with blind digit tips after cutting terminal digital nerve branches (transverse volar)
 • Pain due to neuroma formation or cicatricial entrapment of nerve endings (transverse volar)
 • Unstable pulp due to division of fibrous septae (fishmouth)
 • Unsightly scars

 11. What is the clinical presentation of herpetic whitlow?
This infection is common in health care workers, such as dentists and respiratory therapists, who are exposed to the 
herpes simplex virus. The incubation period is 2 to 14 days. It is characterized by throbbing pain, swelling, and erythema 
in the affected finger. Vesicles of clear fluid often coalesce to form ulcers over 10 to 14 days.

 12. Is herpetic whitlow an aseptic felon?
Herpetic whitlow is often described as an aseptic felon. This is a misnomer because herpetic whitlow is a cutaneous 
disease and therefore does not involve the deep pulp space.

 13. How is herpetic whitlow treated?
Herpetic whitlow is treated conservatively. The infection runs a self-limited course and usually resolves spontaneously 
within 3 weeks with normal healing. Herpes infections may be prolonged in immunocompromised patients and in 
patients with secondary bacterial infection. The treatment of herpes infections of the hand should be conservative 
with analgesics and elevation to reduce pain and swelling. Incision and drainage are to be avoided unless a secondary 
bacterial abscess develops. Antiviral agents such as acyclovir or foscarnet can be used in immunocompromised patients 
with a refractory herpetic infection.

 14. Is surgical drainage ever indicated for treatment of herpetic whitlow?
No. Incision and drainage may lead to devastating complications involving the entire distal phalanx with bacterial 
superinfection and even ascending encephalitis that results in death. The only possible role for surgery is segmental nail 
removal for relief of pain over the involved portion of the nail bed.

 15. What are acute paronychia?
Acute paronychia are infections of the soft tissue fold around the fingernail (nail fold). They involve disruption of the seal 
between the proximal nail fold and the nail plate and provide a portal of entry for bacteria.

 16. What is a “runaround” infection?
Continuity of the paronychial tissue with the eponychial tissue overlying the tissue of the nail may result in extension 
of the infection to involve both the eponychium and paronychium. A runaround abscess usually involves the entire nail 
fold, spreading under the nail sulcus to the opposite side. It is most commonly seen in young children and in patients 
with neglected paronychia. Most often, gram-positive cocci such as staphylococci and streptococci are the culprits. In 
children, the infection has an increased distribution of anaerobic and mixed bacterial flora.

 17. How are acute paronychia treated?
Early in their course, acute paronychia occasionally can be treated by soaks, hand elevation, splintage, and antibiotics. 
Once the nail fold is elevated by accumulation of pus, drainage should be performed. First the involved finger is soaked 
in warm suds water for 15 to 30 minutes to loosen the nail fold. A Freer elevator is used to tease gently the eponychial 
fold in the area of pus accumulation and thus facilitate drainage. Plain gauze 0.25-inch thick is loosely packed in 
the wound, the hand is splinted and elevated, and antibiotics are given. Often, no anesthetic (digital nerve block) is 
necessary. In rare cases, it is necessary to incise the eponychial fold longitudinally, as described by some surgeons.

 18. What are chronic paronychia?
Chronic paronychia demonstrate an indurated and rounded cuticle as a result of recurring episodes of increased 
inflammation, drainage, and eventual thickening and longitudinal grooving of the nail plate. They are most often seen in 
middle-aged women as a result of prolonged occlusion of the nail fold in the presence of Candida albicans (cultured in 
95% of cases). Mechanical separation of the undersurface of the cuticle from the upper layer of the nail plate may be 
due to trauma, manicure, prolonged immersion in water (dishwashers), fungal invasion of the subcuticular area, retained 
foreign body, and necrotic nail.

Most direct approach: Drain an abscess where it points •
Most efficient drainage •
Minimizes injury to digital nerves •

Least amount of scarring •
Maintains stability of soft tissue pad •
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 19. How are chronic paronychia similar to acute paronychia?
Chronic paronychia are a completely distinct entity from acute paronychia, with no similarities except involvement 
of the nail fold.

 20. How are chronic paronychia treated?
Chronic paronychia are far more difficult and frustrating to eradicate than the acute form. Nonoperative treatment is 
universally unsuccessful. Surgical procedures include marsupialization of the eponychium, as described by Keyser and 
Eaton in 1976, and total onychectomy (nail plate removal) and application of antifungal steroid ointment to the nail bed 
(3% Bio-form in Mycolog), as described in Kilgore and Graham in 1977.

 21. How many cardinal signs did Kanavel originally describe?
Kanavel originally described only three cardinal signs. Although he mentioned in his treatise that “the whole of the finger 
is uniformly swollen,” this observation was not a cardinal sign.

 22. What are Kanavel’s four cardinal signs of flexor tenosynovitis?
1. Exquisite tenderness that affects the entire tendon sheath and is limited to the sheath
2. Intense pain with passive extension of the finger, most marked at the proximal end
3. Semiflexed finger
4. Fusiform or symmetric swelling of the entire finger

 23. How is acute flexor tenosynovitis treated?
Acute flexor tenosynovitis is treated by tendon sheath irrigation. The patient is taken to the operating room, and either 
the open or closed approach is used.

 24. What are the open and closed approaches to tendon sheath irrigation for acute flexor 
tenosynovitis?
The closed approach to tendon sheath irrigation involves limited incisions for drainage of the involved tendon 
sheath. Placement of the incisions varies, but usually they are located distal to the A4/A5 pulley at the level of the 
distal interphalangeal (DIP) joint and just proximal to the A1 pulley at the level of the distal palmar crease. Vigorous 
intraoperative irrigation of the tendon sheath is key to the treatment of this hand emergency. Although some surgeons 
prefer 10% antibiotic solutions for irrigation, the mechanical action of the irrigant appears to be more important than the 
nature of the irrigant. Many surgeons set up an irrigating system postoperatively, with two catheters situated proximal 
and distal to the ends of the flexor sheath, but it is most likely that intraoperative irrigation plays the critical role in 
treating the tenosynovitis. The closed approach allows primary wound healing with less scarring, less risk of desiccation 
and tendon necrosis, shorter hospitalization (<72 hours), active flexion and extension exercises within 48 to 72 hours, 
rapid and complete functional recovery with minimal morbidity usually within 7 to 10 days, greater patient compliance 
with less pain on exercise, and a smaller primary wound.

The open approach, which uses midaxial or volar zigzag incisions, exposes delicate structures to infection with 
subsequent fibrosis and loss of function. Other problems include increased risk of tendon necrosis, greater scarring, and 
significant morbidity. The open approach essentially involves filleting the volar aspect of the involved finger with direct 
drainage of any purulent material. Treatment may require secondary procedures and prolonged hospitalization and 
rehabilitation and yield a less desirable functional result.

 25. How is gonococcal flexor tenosynovitis treated?
Gonococcal flexor tenosynovitis most commonly arises by hematogenous spread from a genitourinary focus. It is often 
the only manifestation of disseminated gonorrhea. The clinical picture is acute flexor tenosynovitis. Treatment is by 
closed sheath irrigation and intravenous penicillin G, 1 million units every 4 hours, or a third-generation cephalosporin. 
Good functional recovery is the rule.

 26. Which pathogens are most commonly responsible for acute flexor tenosynovitis?
Most cultures are sterile because of the initiation of antibiotic therapy before culture. The most common pathogens are 
gram-positive cocci.

 27. What are the complications of untreated or inappropriately treated acute flexor 
tenosynovitis?

Skin necrosis •
Tendon adhesions •
Tendon necrosis and rupture •
Joint ankylosis •

Septic arthritis •
Osteomyelitis •
Deep-space abscess •
Amputation •
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28. What are the fascial spaces in the hand?
The fascial spaces are potential spaces located throughout the hand that swell after implantation of bacteria, such as by 
penetrating injuries.

 29. Name the fascial spaces of the hand.

30. Why are the fascial spaces pertinent to hand infections?
Pus from an infection in the flexor tendon sheath of the ring or middle finger may rupture into the middle palmar 
space. Similarly, pus from an infection in the index flexor tendon sheath may rupture into the thenar space. Infection 
in the hypothenar space is rarely described. The dorsal subcutaneous space is a large potential space overlying the 
entire dorsum of the hand and may contain large volumes of pus. The dorsal subaponeurotic space lies deep to the 
aponeurosis of the extensor tendons.

 31. What is a “collar button” abscess?
A collar button abscess is an infection of the subfascial palmar space, which is contiguous with the dorsal subcutaneous 
space between the fingers. The subfascial palmar space and the dorsal subcutaneous space are the two most 
superficial of the deep spaces in the hand. Collar button abscesses begin as blisters, which become infected with 
intracutaneous and subcutaneous pus in the palm. Tethering of the skin to the palmar fascia makes it difficult 
for a subcutaneous infection in this area to track superficially beneath the space or between the skin and fascia. 
Consequently, instead of spreading peripherally, the abscess extends dorsally to the palmar fascia. Contiguity with the 
dorsal subcutaneous tissues causes a great deal of dorsal swelling with abduction of the fingers because of purulence 
between the digits palmarly and dorsally. Treatment requires incision and drainage of the subcutaneous blister with 
excision of the palmar fascia. Exposure of the superficial dorsal extension allows complete unroofing of the subfascial 
infection. Great care must be taken to identify the bifurcation of the digital arteries to the adjacent sides of the fingers. 
Local wound care and early motion usually result in full functional recovery.

 32. What are the causes of dorsal hand swelling?
(1) Lymphatic drainage to the dorsum of the hand from either palmar or dorsal infection sites, (2) dorsal subcutaneous 
abscess, and (3) dorsal subaponeurotic abscess.

 33. Describe the treatment of a dorsal hand abscess.
The dorsal subaponeurotic space in the hand is a potential space that usually becomes secondarily infected from a local 
penetration injury. It is often difficult to differentiate this infection from a dorsal subcutaneous abscess. The problem 
should be approached as the worst case scenario—a subaponeurotic infection. Two linear incisions should be made 
on the dorsum of the hand, one over the second metacarpal and one between the fourth and fifth metacarpal. This 
technique permits differentiation of the infection, drainage, and satisfactory coverage of the tendons. A dorsal midline 
incision in the case of a subaponeurotic abscess may result in extensor tendon loss due to desiccation, infection, and 
ischemia. Early motion is mandatory after drainage and should involve all three digital joints plus the wrist joint to 
maintain extensor tendon gliding.

 34. What are the boundaries of the thenar space?
 • Dorsal: Musculature of the adductor pollicis
 • Volar: Fascia overlying adductor pollicis
 • Radial: Fusion of adductor pollicis and adductor fascia at their insertion into the proximal phalanx of the thumb
 • Ulnar: Midpalmar space or oblique septum extending from the palmar fascia to the volar ridge of the third 
metacarpal

The thenar space is contiguous with the flexor tendons of the index finger. It is exposed to local penetrating injury.

 35. What is the position of the thumb in thenar space infections?
The thumb is held in marked abduction because this maneuver reduces pressure within the abscess cavity. Progressive 
infection within the thenar space usually tracks dorsally over the adductor pollicis and first dorsal interosseous muscles. 
This progression produces a dumbbell effect with extension of the abscess from its origin deep to the flexor tendons of 
the index finger over the adductor pollicis and first dorsal interosseous to its site of presentation superficial to the first 
dorsal interosseous.

Thenar space •
Middle palmar space •
Hypothenar space •
Subfascial web space in the palm and interdigital area  •
(“collar button”)

Dorsal subaponeurotic space •
Dorsal subcutaneous space •
Radial bursa •
Ulna bursa •
Parona’s space •
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 36. What incisions are used for drainage of thenar space abscesses?
Adequate drainage of a thenar space infection must permit exposure to the dumbbell abscess with care to protect the 
digital nerve and artery to the radial aspect of the index finger as well as the nerve and volar blood supply to the thumb 
(ulnar digital nerve and princeps pollicis artery or only the ulnar digital artery to the thumb). The recommended incisions 
are perpendicular to the web space approximately 1 cm proximal to the thenar crease and extend proximally on the 
dorsum or palm toward the convergence of the index and thumb metacarpals. The fascia overlying the adductor muscle 
and first dorsal interosseous can be excised widely. Incisions parallel to the web space either volarly or dorsally result in 
a contracture web space between the thumb and index finger.

 37. What are the boundaries of the midpalmar space?
Midpalmar space infections are located ulnar to the oblique septum. They may result from either indirect inoculation 
by a penetrating injury or rupture of flexor tenosynovitis involving the middle or ring fingers. They occur less commonly 
than thenar space infections, probably because of the relatively protective nature of the midpalmar space compared 
with the dorsum of the thumb–index web. Flexor tenosynovitis involving the little finger tracks proximally through the 
ulna bursa and does not enter the midpalmar space. Infection results in dorsal swelling (as in a thenar abscess). It is the 
only infection resulting in loss of palmar concavity. The infection is located deep (dorsal) to the flexor tendons and volar 
to the metacarpals.

 38. What incisions are used for drainage of a midpalmar space abscess?
An oblique or transverse palmar incision should allow wide exposure of the palmar fascia with identification and 
protection of the neurovascular bundles of the adjacent fingers as well as the deep palmar arch and ulnar motor nerve.

 39. What structures are connected to form a “horseshoe” abscess?
The sheath of the flexor pollicis communicates with the radial bursa. Likewise, the sheath of the little finger 
communicates with the ulnar bursae. The two bursae communicate with the deep space just superficial to the pronator 
quadratus, termed Parona’s space. An infection of the tendon sheath of the thumb or little finger may progress through 
Parona’s space into the other side, forming a horseshoe abscess.

 40. What factors lead to the development of osteomyelitis after a human bite?
Delayed treatment, inadequate initial débridement, and initial suturing of the wound.

 41. What organisms are encountered in a human bite infection? What is appropriate 
initial antibiotic therapy?
The organisms are microbes commonly found on the skin or in the mouth. Examples include gram-positive aerobic 
organisms (S. aureus, Staphylococcus epidermidis, Streptococcus species) and anaerobes (Peptococcus species, 
Peptostreptococcus species, Bacteroides species, and Eikenella corrodens, a facultative anaerobe). Antibiotic coverage 
must cover gram-positive and anaerobic organisms. A first-generation cephalosporin in combination with penicillin or 
ampicillin in combination with clavulanic acid fosters adequate coverage. In penicillin-sensitive patients, clindamycin 
may be used, but Eikenella corrodens is resistant to clindamycin, and an additional antibiotic may be added based on 
culture and sensitivity.

 42. What organisms are associated with wounds contaminated with river or sea water? 
What antibiotic therapy is appropriate?
Vibrio vulnificus occurs in coastal and brackish water and commonly infects cuts acquired while cleaning or shelling 
crabs. The organism is sensitive to tetracycline and chloramphenicol. Mycobacterium marinum infection, termed 
“swimming pool granuloma,” is a cutaneous infection acquired in fresh water. Appropriate antibiotics are rifampin 
and ethambutol or trimethoprim-sulfamethoxazole. Aeromonas hydrophila is also commonly found in fresh water and 
may infect open cuts in swimmers. Appropriate antibiotics are ciprofloxacin, trimethoprim-sulfamethoxazole, and 
tetracycline.

 43. What factors predispose to the development of necrotizing fasciitis? What are the 
etiologic organisms? Describe the pathologic process.
Necrotizing fasciitis is most frequently seen in intravenous drug abusers, diabetics, and alcoholics. The organisms 
most frequently noted are beta-hemolytic streptococci and mixed aerobic–anaerobic organisms. The infection causes 
liquefaction necrosis of the fascia with selective spread along fascial planes. Involvement of the skin and muscle occurs 
at later stages with bullae formation, skin slough, and myonecrosis.

 44. What organisms are frequently seen in dog and cat bites?
 • Dog bites: S. aureus, Streptococcus viridans, Pasteurella multocida, and Bacteroides species
 • Cat bites: P. multocida
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 45. Describe the clinical presentation of sporotrichosis in the upper extremity.  
How is it treated?
Sporotrichosis is a chronic granulomatous infection caused by the saprophytic fungus Sporothrix schenckii. After 
inoculation through a skin abrasion or thorn puncture, a local ulceration develops. The disease then spreads through 
the lymphatic channels with red, hard nodules and ulcerations along the path of lymphatic spread in the arm. On rare 
occasions, the disease presents with inflammatory arthritis of the joints of the hand or wrist. Treatment is a long course 
of oral potassium iodide. Refractory disease and extracutaneous disease respond to intravenous amphotericin B.

 46. What factors predispose to the development of gas gangrene? How is it treated?
Gas gangrene is caused by Clostridium species or other gas-forming organisms. The condition is frequently seen in 
grossly contaminated wounds with crushed or anoxic tissue. Suturing of a contaminated and inadequately débrided 
wound also may predispose to this condition. Treatment requires emergent débridement and appropriate antibiotics.

 47. What organisms are frequently cultured from abscesses due to intravenous drug 
abuse?
The cultured organisms are common skin or oral flora. Saliva contamination is common because of the practice 
of licking needles. The drugs are not sterile and may harbor organisms. The most commonly cultured organisms 
are streptococci, S. aureus, E. corrodens, and Bacteroides species. Antibiotic coverage must include gram-positive 
organisms and anaerobes. A combination of cephalosporin and penicillin or ampicillin and clavulanic acid provides 
adequate initial coverage pending culture results.

 48. In diabetic hand infections, what factors correlate with an increased risk of 
amputation?
The risk factors are infections involving structures below the subcutaneous tissue, concomitant renal failure, and 
infections with gram-negative, anaerobic, or polymicrobial organisms.
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Replantation and RevasculaRization

 1. What is the goal of replantation surgery?
The goal of replantation surgery is successful restoration of function. Revascularization of an amputated part does 
not necessarily mean success. If the revascularized part will not go on to have useful function or it will interfere with 
normal activity, then proceeding with replantation must be questioned. The surgeon needs to decide whether the 
patient will be served better by replantation or by completing the amputation. Multiple factors such as the nature of 
the affected part(s), other injuries, mechanism of injury, age, work status, and motivation of the patient are part of the 
decision to replant.

 2. What important factors affect outcome in extremity replants?
Multiple factors affect outcome in replantation. Certainly patient age and general health are factors. Factors that are 
specific to the amputation and not related to the patient’s general health include the following:

 • The level and complexity of the injury are crucial. The more distal the injury, the greater the chance for 
success. An exception is very distal replants beyond the trifurcation and distal interphalangeal (DIP) joints, where 
establishing circulation may be more difficult.

 • Ischemia time is a crucial factor. The longer the ischemia, especially warm ischemia, the worse the prognosis.
 • Upper extremity replants tend to do better than lower extremity replants.
 • Sharp injuries tend to do better than crush or avulsion injuries.
 • Multiple-level injuries do not do as well as single-level injuries.

 3. What are the indications for replantation?
Each patient needs to be evaluated on an individual basis, taking into account all aspects of the patient’s history and 
needs. The following factors are strong indications for replantation:

 • Multiple finger amputations
 • Thumb amputations
 • Hand amputations at the palm or wrist
 • Childhood amputations

The following types of replants have less absolute indications and are considered controversial by some. However, in 
appropriately selected cases, with motivated patients, results can be excellent.

 • Loss of a single digit, excluding the thumb
 • Ring finger avulsion injuries

 4. What are the contraindications to replantation?
 • Upper extremity amputation proximal to the midforearm with ischemia time greater than 6 hours
 • Concomitant life-threatening injuries
 • Multiple-level injuries
 • Severe crush or avulsion injuries
 • Extreme contamination
 • Systemic illness or surgical history precluding replantation
 • Self-mutilation cases, psychotic patients

 5. How do you store an amputated part?
Wrap the amputated part in moist gauze and place it on top of ice, with enough of a gauze barrier that the part is kept 
cool but does not freeze. Submerging the part in ice can result in it freezing, which will doom the replant to failure if it is 
attempted.

 6. What do you evaluate first in an amputation patient?
You treat the amputation patient like every other trauma patient and use the ABCs—A irway, B reathing, C irculation. Only 
after you have determined there are no life-threatening issues do you address the amputation in more detail.



852 Replantation and RevasculaRization

 7. Is an operating microscope required to perform a replant?
Although some surgeons report success using loupe magnification when performing free flaps, this is not the case for 
replantation. This is especially true in digital replantation when the vessels can be quite small and a good microscope 
is essential for adequate visualization and precise technique. Digital replants, especially in children, often have vessel 
diameters less than 1 millimeter. Loupe magnification usually is used to examine and dissect the amputated part in 
preparation for vessel and nerve repair.

 8. What closing pressure in a microvascular clamp can result in intimal injury?
Clamp closing pressures in excess of 30 g tend to cause intimal damage. The clamp size is not as relevant as are 
closing pressures. Precise atraumatic technique is essential to minimize the chance of thrombosis.

 9. Describe the operative sequence in finger or hand replantation.
Bone shortening and osteosynthesis usually are performed first. By shortening bone, tension-free anastomosis is 
facilitated. The flexor and extensor repairs usually are done next. The arterial repair is then performed, followed by 
nerve coaptations. The hand can then be turned over, and the dorsal vein is repaired next. The skin is then closed. 
Sometimes skin grafting is necessary to complete the closure. Of course, circumstances are variable, and this order can 
be changed to suit the particular circumstances of an amputation. A skin graft for an open wound, even if placed over an 
anastomosis, is safer than a tight closure. Operative sequence can change with surgeon preference, although the bone 
usually is done first.

In a hand replant, you may want to shunt to establish some arterial inflow to reduce the muscle ischemia time  
(see Question 10).

 10. In what situation is bone fixation postponed?
Usually the bony alignment and fixation are performed first because they can be quite traumatic and can disrupt vessel, 
nerve, and tendon repairs. However, in proximal injuries where muscle ischemia is a factor, a temporary vascular shunt 
can be performed first to perfuse the part. With a large part that is especially susceptible to warm ischemia, immediate 
perfusion with a temporary synthetic tube in the artery will bring ischemia time back down to zero. Toxic metabolites 
that collect in the ischemic part will be washed out. The part and proximal structures can be dissected without the 
urgency of ongoing ischemia. Bone fixation can be done while shunting continues, or the shunting can be temporarily 
stopped.

 11. What do you do if you cannot repair digital nerves primarily?
Digital nerves can be grafted with synthetic conduits or vein grafts in small defects.

 12. How about the median and ulnar nerves? What if primary repair is not possible?
If you cannot primarily repair both the median and ulnar nerves, then consideration should be given to not performing 
replantation. The answer to this is not straightforward, however, because you can graft median and ulnar nerves in the 
same hospital stay or even later.

 13. What is the treatment of arterial insufficiency after replantation?
A finger that turns white after successful revascularization usually means inflow has been interrupted. Signs of 
compromised inflow are a pale digit that has poor capillary refill and does not bleed if stuck with a needle. This may 
indicate vasospasm, extrinsic pressure on the vessel, or clotting. Vasospasm can be prevented by maintaining a warm 
environment, administering analgesics, and possibly performing regional blocks. The dressing may be too tight and 
should be removed or replaced as a first step. Another cause of ischemia may be pressure on the artery from swelling, 
tight closure, or hematoma. A few key sutures that may be causing tension can be removed. If this fails, operative 
exploration and repair are indicated if the part is believed to be salvageable.

 14. Why do most replants fail?
Venous insufficiency usually is responsible for replant failure because venous structures are the most difficult structures 
to repair.

 15. How many arteries need to be repaired to successfully revascularize a finger?
Usually only one artery repair needs to be performed. If there is a distal obstruction or an unrecognized distal arterial 
injury, then a second artery may need to be repaired.

 16. How many veins need to be repaired?
One vein can be enough to establish adequate venous drainage. Some surgeons advocate two or three vein repairs, 
but this is time consuming and may not be feasible in very distal amputations or in small children.
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 17. What is the treatment of venous insufficiency after replantation?
A finger that turns blue and lacks venous drainage will fail just as miserably as one without arterial inflow. Capillary 
refill is immediate, and the part often swells. Bleeding from the digit usually is quite dark, indicating poor oxygenation. 
Removing the dressing and possibly removing some sutures should be considered first. The nail can be removed and the 
nail bed scrubbed or abraded and soaked with heparin sponges to allow continuous bleeding of the finger. Leeches can 
be used as well. Leeches secrete the powerful anticoagulant hirudin, which will result in bleeding of the leech bite site 
for several hours after the leech has filled its intestines and fallen off. The continuous oozing of blood from the replanted 
part allows inflow and outflow to continue until neovascularization occurs, and blood can drain via capillaries. Leeching 
can result in significant blood loss over time, so blood counts need to be measured at least daily. The possibility of blood 
transfusion should be discussed with the patient beforehand.

 18. How do you sacrifice a leech after it has been used?
Leeches are only used once and then sacrificed. They cannot be reused. Sacrificing usually is performed by placing the 
leech in pure rubbing alcohol or by placing them in the freezer and freezing them.

 19. What kind of infection is associated with leeches?
Leeches are colonized with Aeromonas hydrophila, which can cause serious soft tissue infections in replants. For this 
reason all patients who undergo leech treatment should be covered for A. hydrophila with prophylactic cefotaxime or 
ciprofloxacin.

 20. Which vessels are used in ear replantation?
Ear replantation can be one of the most difficult challenges for a microsurgeon. Commonly the injury is an avulsion type 
with a crush component. Motor vehicle accidents and human bite injuries are frequent causes. Good vessels can be difficult 
to find, with venous congestion common postoperatively. Branches from the superficial temporal vessels or posterior 
auricular vessels can be used, if present. However, because these injuries usually have a crush avulsion component, these 
vessels often are too severely damaged for microsurgical repair. The superficial temporal vessels can be used directly, with 
or without vein grafting. The disadvantage is loss of a pedicle for the temperoparietal fascial flap if required later.

 21. Which vessels are used in scalp replantation?
Although scalp replantation using a single artery and vein has been reported, multiple arterial and venous anastomoses 
usually are performed to provide adequate flow for the scalp. Vein grafting is often required. Any arteries or veins that 
are present are candidates for use. This includes the supraorbital, temporal, postauricular, and occipital vessels. If the 
part is small enough and does appear to adequately perfuse on one inflow and one outflow vessel, then that is enough.

 22. How do you perform a penis replant?
After induction of anesthesia, the procedure requires a suprapubic cystostomy and placement of a Foley catheter 
through the urethra of the amputated part and proximal stump and into the bladder. Of course, the part is prepped 
before this. The urethra is repaired with absorbable suture under loupe magnification. The corpora are repaired with 
absorbable suture. After the proximal stump has been dissected and an inflow artery and outflow vein identified, 
the arterial repair is performed under magnification. A venous repair follows, and each of the dorsal nerves must be 
repaired. Mutilation of the part at the site of amputation may require shortening or vein grafting.

If suture line pressure from edema is present and potentially obstructs venous or arterial drainage, a skin graft can be 
placed over the vascular and nerve repairs. Vascular insufficiency may require leeching.

 23. A man presents to the emergency room with a four-finger saw amputation. The thumb 
was not amputated. The fingers are replantable. The small and long fingers are easy 
to identify, but the index and ring fingers are difficult to tell apart because they are 
the same length. How do you tell them apart?
The index finger does not usually have hair on the dorsal midphalangeal skin, whereas the ring finger does. In the long 
run, this may not be important, but the patient certainly might be able to tell the difference later and wonder why you 
put his fingers back on the wrong way!

 24. What methods are used to monitor replants?
Early recognition of circulatory compromise in a replanted part is essential if salvage is to be performed. Many types 
of monitoring systems with variable results have been reported. The ideal system is one that provides continuous and 
accurate information in a noninvasive fashion. To date, the ideal system has not been created. Clinical evaluation of the 
replanted part by experienced physicians and nurses is the best method of monitoring. This includes evaluation of color, 
capillary refill, temperature, and edema. Other more objective methods are used as well. Quantitative fluorimetry has 
proved successful as an objective form of measuring perfusion. Other methods such as surface temperature recordings 
and Doppler measurements have been described.
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25. Should isolated ulnar artery or radial artery injuries be repaired if hand perfusion is 
judged to be good?
Repairs of ulnar and radial arteries have previously had poor results. Patency has improved with microvascular 
technique. Single-vessel patency rates without vein grafting have been reported at 100% in one series, as measured by 
Doppler ultrasound imaging. There is evidence of cold intolerance after radial artery sacrifice, making the argument for 
primary repair of damaged radial and ulnar arteries.

CONTROVERSIES

26. What type of postoperative anticoagulation is required after replantation?
Thrombosis of small vessels continues to be a problem after microsurgical repair. To decrease failure rates, multiple 
pharmacologic agents have been used in the laboratory and clinically to prevent thrombosis. No single regimen has 
been proven to be most successful and practice varies. Daily aspirin is commonly used as a suppressor of platelet 
aggregation. Low-molecular-weight dextran is often added to the regimen and usually started before the microvascular 
clamps are removed. It is normally used for approximately 5 days postoperatively. Dextran is believed to have both 
antiplatelet and antifibrin properties. It also appears to act as a volume expander. Heparin binds to antithrombin III 
and inactivates thrombin and other enzymes in the clotting cascade. As with other anticoagulants, administration of 
heparin can increase the hematoma and bleeding rate. It is commonly used as a vessel irrigant before anastomosis 
and systemically when postoperative thrombosis develops. If used systemically, on rare occasion some patients require 
short-term warfarin (Coumadin) treatment.

 27. What is heterotopic replantation? Ectopic replantation?
In heterotopic replantation, an amputated part is replaced in an area different from where it originated. With multiple 
amputations, for instance, a crushed thumb may be replaced with a less injured digit, or a digit may be moved to an 
ulnar position to improve grip. With bilateral upper or lower extremity amputations, one limb might be replanted on the 
opposite side to maintain length or function.

In ectopic replantation, an amputated part is stored in a distant uninjured area to be retransplanted later when the 
recipient area and patient are stabilized. It is conceivable that a critical part could be stored in a surrogate host who 
is temporarily immunosuppressed while the injured victim is being treated and stabilized. Ectopic replantation is 
occasionally performed in major multiple trauma cases.

 28. Should complete ring avulsions be replanted?
There have been some reports of poor results with complete avulsions of fingers due to rings. Usually the ring is caught 
on a ledge or hard object as the patient falls backward. A classification system for ring avulsion (Urbaniak) has been 
developed, but it has been modified and modified again and can be confusing. Even though some authors report poor 
results, if you can achieve nerve coaptation and sensation, ring avulsion replants can be some of the most rewarding 
and best results in replantation.
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Thumb ReconsTRucTion

 1. When was the first toe-to-thumb transfer performed for thumb reconstruction?
Chung-Wei and associates reported the first successful replantation involving a severed hand in 1963. The first 
thumb replantation was reported by Komatsu and Tamai of Japan in 1965. The first successful toe-to-thumb transfer 
in a monkey was performed by Buncke in 1965, and the first toe-to-thumb transfer in a human was reported by 
Cobbett in 1968.

 2. What are the goals of thumb reconstruction?
 • Functional reconstruction

 • Adequate length
 • Adequate motion
 • Appropriate position for opposition
 • Stability
 • Sensation
 • Freedom from pain
 • Durable cover

 • Cosmetically acceptable thumb
 • Minimal donor site morbidity

 3. What is adequate thumb length for useful function?
The thumb is important for opposing fingers when grasping and pinching. When placed beside the index finger, the 
thumb should reach beyond the proximal third of the index proximal phalanx. Significant functional deficits occur when 
the thumb is shortened beyond the neck of its proximal phalanx.

 4. What methods are available for thumb reconstruction?
The available surgical methods are osteoplastic reconstruction, finger pollicization (usually of the index finger),  
and microsurgical toe transfer. Prosthetic replacement is also a consideration.

 5. In the era of microsurgery, why even consider prosthetics?
The patient may not be a surgical candidate. A prosthesis may lengthen and make useful a shortened digital stump.  
It also may give a more esthetic appearance to the hand. Even after successful reconstruction, patients may request  
an aesthetic prosthesis.

 6. Is the child with a congenitally missing part an “amputee”?
No. It is a mistake to think of a child with congenital hand differences as an amputee. Children with congenital hand 
anomalies view themselves as normal, and the vast majority function well by using their own techniques. They are 
disabled only in comparison with others. To imagine what it would be like to have their deformity, we imagine an 
amputation.

 7. Should you fit a prosthesis on a child?
If the child has a functional pinch, no. The prosthesis will be more of an encumbrance. Children with congenitally absent 
thumbs usually develop a pinch between the index and long finger.

 8. How and why does the reconstructive approach differ in congenital and acquired 
thumb deficiencies?
Congenital thumb deficiencies result from a failure of formation of anatomic structures. As a result, the available recipient 
nerves, blood vessels, tendons, and muscles for tissue transfer are unpredictable and often unavailable. Therefore 
microsurgical toe transfer is not considered the most appropriate treatment.
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Congenital thumb deficiencies requiring major reconstructive efforts involve the carpometacarpal (CMC) joint, whereas 
acquired deficiencies range from defects involving the distal phalanx to the base of the metacarpal.

Reconstruction of the congenitally deficient thumb requires consideration of the critical motor development that occurs 
within the first few years of life as well as future growth.

 9. What syndromes are associated with thumb hypoplasia, and what associated 
systemic disorders must be considered?
Holt-Oram syndrome is associated with cardiovascular malformations. Thrombocytopenia–absent radius (TAR) syndrome 
is associated with thrombocytopenia. Fanconi’s anemia is associated with pancytopenia (surgery is contraindicated). 
VATER involves vertebral defects, imperforate anus, tracheoesophageal fistula, and radial and renal dysplasia.

 10. What is the timing of reconstruction of the congenitally deficient thumb?
The main reason for early surgical reconstruction is to provide children with a functional hand and allow for cortical 
development during critical times. Grip and grasp functions develop between 4 and 7 months of age, thumb and index 
finger function develops at 1 year, and specific functional patterns develop at 2 to 3 years of age. Therefore surgeons 
have undertaken reconstruction as early as within 1 year of age. However, earlier surgery is made technically more 
difficult due to the small sizes of involved structures.

 11. How are congenital thumb deficiencies classified?
Blauth described five types of hypoplasia of the thumb (Table 131-1).

 12. What types of thumb deficiencies should be reconstructed?
Types II and IIIA are candidates for reconstruction. Types IIIB, IV, and V are best served by index finger pollicization.

 13. Why not a toe-to-thumb transfer?
Usually absence of a thumb is part of a more significant longitudinal deficiency with lack of recipient structures. Even in 
cases of hypoplasia, if the child has a functioning pinch between the index and middle fingers, existing function should 
be enhanced by pollicization rather than by toe transplantation.

14. What techniques can be used for less severe hypoplasia of the thumb?
 • Deepening of the first web space by transposition flaps

 • Four-flap Z-plasty is used for moderate gains
 • Dorsal rotation flap is used to provide a greater web space

 • Stabilization of the metacarpophalangeal (MCP) joint
 • Flexor digitorum superficialis (FDS) tendon can be wrapped around the MCP joint and inserted into the ulnar side  
of the joint if an FDS opponensplasty is used

 • Tendon graft reconstruction of the ulnar collateral ligament
 • Ulnar capsule reefing

 • Correction of extrinsic tendon abnormalities
 • Extensor indicis proprius or extensor digitorum communis for extension
 • FDS for flexion

 • Opponensplasty (thumb abduction and circumduction)
 • Ring finger FDS transfer
 • Abductor digiti minimi transfer (Huber technique)

Table 131-1. Classification of Hypoplasia of the Thumb
Type I Minimal shortening or narrowing

Type II Narrow first web space
Intrinsic thenar muscle hypoplasia
Metacarpophalangeal joint instability

Type IIIA All features of type II
Extrinsic tendon abnormalities
Metacarpal hypoplasia with stable CMC joint

Type IIIB Same as type IIIA with unstable CMC joint

Type IV As called pouce flottant (French for floating thumb)
Rudimentary phalanges
Thumb attached by skin bridge

Type V Complete absence of thumb

CMC, Carpometacarpal.
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15. How is the index finger pollicized?
The digit is shortened by removing almost the entire metacarpal, save the metacarpal head, which assumes the function 
of the trapezium. The finger is dissected as an island flap on the flexor and extensor tendons, the two neurovascular 
pedicles, and dorsal veins and nerves. The finger is pronated 140° to 160° and fixated into the correct axis of the thumb. 
Hyperextension of the index MCP joint is prevented by fixing the metacarpal head in palmar rotation.

16. Why is the metacarpal head palmarly rotated?
The MCP joint of the index finger is a condylar joint that can be hyperextended some 45°, whereas the CMC joint of the 
thumb is a saddle joint that circumducts but resists hyperextension. To allow the transposed index finger to generate the 
forceful pinch needed, it is fixed with the joint extended to full passive range. The palmar capsule and volar plate then 
resist further hyperextension.

17. Which muscles of the index finger assume the function of which muscles of the thumb?
See Table 131-2 and Fig. 131-1.

18. What are the options for reconstruction of the distal third of the thumb?
The distal third of the thumb involves everything distal to and including the interphalangeal (IP) joint. Local options 
for small defects include V-Y advancement flaps, a Moberg palmar advancement flap, and a cross-finger flap. Distant 
options for larger defects include groin, arm, and submammary flaps. Free tissue options include free toe pulp and 
composite tissue transfers (Fig. 131-2).

19. What are the options for reconstruction of the middle third of the thumb?
The middle third of the thumb involves the distal third of the metacarpal to the IP joint. Options for defects from 
midproximal phalanx and distal include first web space deepening (“phalangization”) with a four-flap Z-plasty or a 
dorsal rotation flap. Options for defects proximal to the midproximal phalanx include a “cocked hat” flap, osteoplastic 
reconstruction (distant flap coverage of a bone graft to extend the length of the thumb), composite osteofasciocutaneous 
radial forearm flap, pollicization of an injured digit, and distraction osteogenesis. Toe-to-thumb transfer is an option in 
both proximal and distal portions of the middle third of the thumb.
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Figure 131-1. A, Pollicization 
of index finger, with shortening 
and pronation of the index 
ray and hyperextension of the 
metacarpophalangeal joint. B, Index 
interosseus muscles are used to 
supply function of thenar muscles.

Table 131-2. Index Finger Muscles that Assume the Function of Thumb Muscles

Index FInger Muscle ThuMb Muscle

First dorsal interosseus Abductor pollicis brevis

First palmar interosseus Adductor pollicis

Extensor digitorum to the index Abductor pollicis longus

Extensor indicis proprius Extensor pollicis longus
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20. What are the options for reconstruction of the proximal third of the thumb?
The proximal third of the thumb involves amputations proximal to the distal third of the metacarpal. If adequate 
metacarpal base remains, a second toe transfer can be used to reconstruct the metacarpal and phalanges. If the 
metacarpal base is absent or inadequate, a pollicization with either an injured or uninjured digit can be used. In this  
case the index MCP joint is used to reconstruct the CMC joint.

21. What is osteoplastic reconstruction?
It is a multistage reconstructive technique that uses bone grafting or lengthening osteotomies, covered with skin flaps, 
on the remaining thumb stump to add length and to provide opposition. No joints are reconstructed. Sensation can be 
provided in the form of a neurovascular island flap, transferred from a finger (the usual donor is the ulnar side of the 
middle or ring). Most experts believe that microvascular toe transfer provides a better reconstruction with more similar 
tissue and joints for partial amputation of the thumb.

22. Does loss of the first toe cause gait disturbance?
Gait studies show shifting of weight distribution away from the first metatarsal head, but if the metatarsal head is 
preserved, the disturbance in gait is minimal.

23. What is the vascular pedicle of the transferred first toe?
The first dorsal intermetatarsal artery, which arises in most cases from the dorsalis pedis artery but occasionally from 
the deep planter system. The origin may be determined at the time of operation. If the deep system is dominant, a 
reversed vein graft extension may be needed. The more important question concerns the recipient blood vessels in the 
hand. In patients with any degree of injury to the hand, an arteriogram should be obtained to determine the residual 
vascular anatomy.

24. Can parts of toes be used?
Yes. Neurovascular island flaps can be used to provide innervated pulp to the oppositional surfaces. This technique is 
especially useful in the multiply traumatized hand, to which traditional neurovascular island flap techniques would add 
further debility. Transfer of vascularized joints from the foot to the thumb in severe isolated joint trauma has been reported.

25. Describe the different options for toe-to-thumb transfer.
Great toe transfer can be used for amputations distal to the metacarpal and provides a strong reconstruction. It is based 
on the first dorsal metatarsal artery (from the dorsalis pedis) and the deep plantar artery. The great toe plays a major 
role in normal gait. Donor site morbidity and gait disturbance are major disadvantages. The cosmetic results can be 
inferior to other options due to the size and bulk of the great toe.

The trimmed toe flap involves trimming the great toe to the dimensions of a normal thumb improving cosmesis, but this 
makes the operation technically more difficult.

A

B

Distal
third

Middle third
A. Proximal
B. Distal

Proximal
third

Figure 131-2. Classification of thumb amputations based on dividing the thumb into thirds. (From Strickland JW, Kleinman WB: Thumb 
reconstruction. In Green DP [ed]: Operative Hand Surgery, 3rd ed. 1993, p 2073.)
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The wraparound flap involves transferring only the soft tissues of the great toe in combination with a bone graft. The 
great toe is preserved and the donor site is skin grafted to prevent gait disturbances. The advantages include better 
cosmesis and prevention of donor site morbidity; however, the operation is considerably more complex.

The second toe transfer uses a toe other than the great toe, thereby minimizing donor site morbidity and gait 
disturbance. The head of the metatarsal may also be harvested to provide an additional joint and length if necessary. 
The second toe transfer is also based on the first dorsal metatarsal artery. Disadvantages include a small appearance 
and a potential mallet deformity of the IP joint.

26. When is pollicization preferable to toe transfer for reconstruction of a traumatically 
amputated thumb? What are the advantages and disadvantages compared with a  
toe-to-thumb transfer?
When the metacarpal is completely absent a pollicization is required because there is no way to reconstruct an adequate 
basilar joint with a toe. Compared with a toe-to-thumb transfer, a pollicization provides better sensation and finer motor 
control. A toe-to-thumb transfer provides a better cosmetic result and greater strength.

27. Summarize the surgical options for thumb reconstruction.
 • Surgical Options for Congenital Thumb Deficiency

 • Blauth I–IIIA: First web space deepening
 • Blauth IIIB–V: Pollicization

 • Surgical Options for Acquired Thumb Deficiency
 • Distal third: Local flap closure or composite tissue transfer
 • Middle third: Osteoplastic reconstruction or toe-to-thumb transfer
 • Proximal third: Toe-to-thumb transfer of pollicization

 • Surgical Options for Toe-to-Thumb Transfer
 • Great toe
 • Trimmed toe
 • Wraparound
 • Second toe

Controversy

28. Which toe is preferred for thumb reconstruction?
 • The great toe. In the United States, generally the great toe is preferred because it provides a stronger and more 
stable thumb for a pincer grip. The great toe is more like the thumb in appearance, although it is a bit broader. 
The transplanted toe atrophies and thins after time, and usually the difference is apparent only in side-by-side 
comparison.

 • The second toe. In Asian cultures in which Zori-type sandals are worn, the loss of a first web space in the foot is a 
disability; therefore the second toe is preferred. Women who wear open-toe footwear also may find loss of the great 
toe disturbing. In addition, the second toe can provide greater metatarsal length for transfer, so in cases where less 
than one third of the first metacarpal remains, the second toe is preferred.

BiBliography

Buck-Grancko D: Pollicization. In Blair WF: Techniques in Hand Surgery. Baltimore, Williams & Wilkins, 1996.
Buncke HJ: Great toe transplantation and digital reconstruction by second-toe transplantation. In Buncke HJ: Microsurgery: 

 Transplantation-Replantation. Philadelphia, Lea & Febiger, 1991.
Pillet J, Mackin EJ: Aesthetic hand prosthesis: Its psychological and functional potential. In Hunter IM, Schneider LH, Mackin EJ, Callahan 

AD (eds): Rehabilitation of the Hand, 3rd ed. St. Louis, Mosby, 1990.
Wei FC, el-Gammal TA: Toe-to-hand transfer. Current concepts, techniques and research. Clin Plast Surg 23:103–116, 1996.



860

132 Ch
ap

te
r

860 The MuTilaTed hand

B978-0-323-03470-8.00132-0, 00132

The MuTilaTed hand

 1. What is a mutilated hand?
A mutilated hand results from a complex injury with composite tissue loss and significant functional compromise 
(usually impaired prehension) and often requires bone, soft tissue, and microneurovascular reconstruction. Without 
surgical intervention, a mutilated hand remains virtually functionless. Even with surgical intervention, the hand usually 
functions in an assist fashion. In addition to the loss of function, patients often complain of intractable pain and 
psychological stress.

 2. What is prehension?
The functional hand possesses prehension—the ability to oppose the fingers to grip or grasp. According to Tubiana, 
“prehension is a complex function of the hand that gives it mechanical precision combined with a standard sensory 
pattern.”

 3. What are the main objectives in the treatment of a mutilated hand?
The main goals in management of a mutilated hand are restoration of form and function. Ideally, the injured parts are 
restored to their pretraumatic state. Although replantation of sharply severed parts may approach the ideal from an 
aesthetic point of view, function rarely can be restored to the preinjury level.

 4. Outline a treatment plan for the management of mutilating injuries of the hand.
 1. Initial assessment must include the following:

 • Accurate history, including age, handedness, occupation, avocations, mechanism of injury, time of injury, general 
health

 • Physical examination, including evaluation of perfusion, motor and sensory function, contamination, severity of 
tissue damage, and other life-threatening injuries

 • Radiographs of the hand and any amputated part
 • Angiography, when indicated.

 2. Tetanus prophylaxis
 3. Broad-spectrum intravenous antibiotics
 4. High-pressure jet lavage and aggressive débridement of devitalized tissues (except in electrical burns)
 5. Reduction and immobilization of fractures and dislocations
 6. Revascularization of ischemic tissues
 7. Immediate or delayed reconstruction of nerve, tendon, bone, and soft tissue
 8. Early wound closure by skin grafts and/or flaps
 9. Secondary procedures such as pollicization and toe-to-thumb transfer
10. Postreconstruction physical rehabilitation (uninjured or minimally injured structures must be appropriately splinted 

or undergo occupational therapy to prevent stiffness or instability, especially when other parts of the hand are 
absent or functionless)

 5. How are mutilating injuries of the hand classified?
Because mutilated hands assume a myriad of forms, they should be precisely described. The goals of a classification 
system should be (1) accurate description of any mutilating injury, (2) user-friendliness, (3) progression of injury 
complexity, and (4) facilitation of communication between clinicians. Furthermore, a classification system should ideally 
(5) direct treatment, (6) predict functional outcome, and (7) allow derivation of a staging system based on functional 
outcome. This system should allow the examining surgeon to describe accurately and reproducibly any mutilating injury 
of the hand.

Several classifications of mutilating hand injuries have been reported in the literature; unfortunately, injuries are grouped 
arbitrarily according to the part of the hand predominantly involved. The Reid classification groups mutilating injuries 
into six categories: dorsal injuries, palmar injuries, radial hemiamputations, ulnar hemiamputations, distal amputations, 
and degloving injuries. The modified Pulvertaft classification groups mutilating injuries into five categories: radial, ulnar, 
central, transverse, and other. The Wei classification groups mutilating injuries into two categories: type I (all fingers are 
amputated proximal to the proximal interphalangeal joint but the thumb is intact) and type II (at least three fingers are 
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amputated proximal to the proximal interphalangeal joint, and the thumb is amputated proximal to the interphalangeal 
joint so that opposition is impossible).

 6. What is the “tic-tac-toe” classification system for mutilating injuries of the hand?
A devascularized hand with radial hemiamputation and ulnar degloving cannot be accurately described by any 
of the classifications discussed in Question 5. Because a mutilated hand may have sustained several different 
types of complex injuries, a comprehensive classification must incorporate the degree and precise location of soft 
tissue and/or bony destruction and vascular integrity, in addition to the predominantly involved part of the hand. 
Weinzweig and Weinzweig have devised a classification system for mutilating injuries of the hand that categorizes 
them into seven types and three subtypes, with subscript notation indicating vascular status (Box 132-1).

The hand is then systematically divided into nine numerical zones in tic-tac-toe fashion with radial, central, and ulnar 
columns and proximal, central, and distal rows. The “tic-tac-toe” classification system allows the examining surgeon to 
describe precisely any mutilating injury of the hand. It permits accurate assessment of each hand injury by assignment 
of the appropriate classification type, subtype, vascular status, and zone involvement in a user-friendly and practical 
fashion (Figs. 132-1 and 132-2).

 7. What are dorsal mutilation injuries (type I)?
Dorsal mutilation injuries involve the dorsal skin, extensor tendons, and bones. The tactile surface (palmar skin) of the 
hand is preserved. Vascularization is intact. Type I injuries are usually the least severe of the mutilating injuries but 
often require soft tissue coverage of the dorsum of the hand and immediate or staged extensor tendon repairs and/
or reconstructions. The most common mechanism is crush–avulsion, in which the loose, mobile dorsal soft tissue is 
avulsed along with the extensor tendons. Occasionally, bony injury is associated with a crush component. In both cases, 
volar tissues such as the flexor tendons, neurovascular structures, and tactile soft tissue are preserved, thus minimizing 
functional losses. Functional outcome is relatively favorable and directly related to the extent of bony injury and the need 
for prolonged immobilization (Box 132-2).

Figure 132-1. “Tic-tac-toe” classification zones. (A from Weinzweig J, Weinzweig N. Classification systems for multilating injuries. In: 
Weinzweig N, Weinzweig J [eds]: The Mutilated Hand. Philadelphia, Mosby, 2005, p 32; 

Injury Types Injury Subtypes
 I. Dorsal mutilation
 II. Palmar mutilation
 III. Ulnar mutilation
 IV. Radial mutilation
 V. Transverse amputation
 VI. Degloving injury
 VII. Combined injury

 A. Soft tissue loss
 B. Bony loss
 C. Combined tissue loss

Vascular Status (Subscript)
 0. Vascularity intact
 1. Devascularization

Box 132-1. Tic-Tac-Toe Classification System



862 The MuTilaTed hand

B

R
O
W
S

C
E
N
T
R
A
L

D
I
S
T
A
L

P
R
O
X

RADIAL CENTRAL ULNAR

Zone 1 Zone 2 Zone 3

Zone 4 Zone 5 Zone 6

Zone 7 Zone 8 Zone 9

COLUMNS

Figure 132-1—cont’d, B from Weinzweig J, Weinzweig N: The “Tic-Tac-Toe” classification system for mutilating injuries of the hand. Plast 
Reconstr Surg 100:1200–1211, 1997, p 1210, with permission.)

A 41-year-old woman sustained a severe crush–avulsion injury to the dorsum of the left hand when her car overturned. 
There was significant dorsal soft tissue loss, avulsion of the extensor digitorum communis tendons, shear and loss of the 
dorsal metacarpal cortices, and exposed carpus (Fig. 132-2).

Box 132-2. Clinical Case: Dorsal Mutilation: Type I A0, Zones 4 to 9 (Proximal and Central Rows)

Figure 132-2. Dorsal mutilation. Type I A0, zones 4 to 9 (proximal and central rows). (From Weinzweig J, Weinzweig N. Classification 
systems for mutilating injuries. In: Weinzweig N, Weinzweig J [eds]: The Mutilated Hand. Philadelphia, Mosby, 2005, p 33.)
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 8. What are palmar mutilation injuries (type II)?
Palmar mutilation injuries involve the palmar skin (tactile surface), flexor tendons, and bones. They often involve the 
radial and ulnar arteries, deep and superficial palmar arches, and common and proper digital arteries with possible 
devascularization of one or more fingers. The median and ulnar nerves and common and proper digital nerves also may 
be involved. Type II injuries are generally more severe and complex than dorsal injuries. They disrupt the tactile surface 
of the hand, often necessitating resurfacing with regional or distant flaps. In addition, they may require open or closed 
reduction internal fixation of fractures and/or flexor tendon repair with or without staged reconstruction. Neurovascular 
compromise to one or more fingers is occasionally seen (Box 132-3).

 9. What are ulnar mutilation injuries (type III)?
Ulnar mutilation injuries involve loss of the ulnar digits, destruction of the ulnar column (phalanges, metacarpals, 
and/or carpus), and interference with grasp or power grip mechanisms. Type III injuries involve bone, tendon, soft 
tissue, and neurovascular structures along the ulnar aspect of the hand, resulting in significant functional disability 
due to interference with grip mechanisms. An objective of reconstructive surgery is to maintain the breadth of the 
hand (Box 132-4).

A 38-year-old man sustained a devastating volar soft tissue injury to his right hand when it was caught in an industrial 
slicing machine. Injury to multiple tendons, articular surfaces, and common and proper digital nerves occurred. Despite the 
extensiveness of this palmar injury, neither devascularization nor fracture accompanied the soft tissue injury (Fig. 132-3).

Box 132-3. Clinical Case: Palmar Mutilation: Type II A0, Zones 1 to 9 (Distal, Central,  
and Proximal Rows)

A

B

Figure 132-3. Palmar 
mutilation. Type II A0, zones  
1 to 9 (proximal, central, and 
distal rows). (From Weinzweig J,  
Weinzweig N. Classification 
systems for mutilating injuries. 
In: Weinzweig N,  
Weinzweig J [eds]: The 
Mutilated Hand. Philadelphia, 
Mosby, 2005, p 34.)
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10. What are radial mutilation injuries (type IV)?
Radial mutilation injuries involve loss of the thumb, destruction of the radial column, and loss of opposition or 
pinch mechanisms. Type IV injuries are serious and may involve total or subtotal loss of the thumb and thenar 
musculature. Without restoration, they result in severe disability with loss of 50% or more of total hand function. 
Damage to the remainder of the hand plays a role in the choice of reconstructive options, such as pollicization  
of the index finger or remnants of other injured fingers, osteoplasty, or toe-to-thumb transfer. When replantation or 
revascularization is successful, functional results are generally good, depending on the status of the remainder 
of the hand (Box 132-5).

11. What are transverse amputations (type V)?
Transverse amputations result in loss of the hand or digits at different levels with corresponding functional losses. 
Restoration of functional pinch depends on the level of loss. Amputations distal to the metacarpophalangeal (MCP) joint 
level may result in a phalangeal hand (Fig. 132-7), whereas amputations proximal to the MCP joint level may result in a 
metacarpal hand (see Question 13). Complete hand amputation also may occur. Type V transmetacarpal injuries occur 
at or proximal to the MCP joint of the fingers and involve at least three fingers, with possible involvement of the thumb. 
They often result in significant functional losses, depending on the success of replantation or revascularization of the 
amputated part(s), including the fingers as a metacarpal unit and possibly the thumb (Box 132-6). Involvement of the 
thumb adds the component of radial mutilation to the equation, making this a combined injury (type VII, see Question 10).

A 35-year-old man sustained a shotgun injury resulting in a through-and-through soft tissue and bony defect of the ulnar 
aspect of his hand. There was destruction of the ring and little finger metacarpals and a midshaft metacarpal fracture of 
the middle finger (Fig. 132-4).

Box 132-4. Clinical Case: Ulnar Mutilation: Type III C0, Zones 5 and 6 (Central Row)

864 The MuTilaTed hand

A C

B
D

Figure 132-4. Ulnar mutilation. Type III C0, zones 5 and 6 (central row). (From Weinzweig J, Weinzweig N. Classification systems for mutilating 
injuries. In: Weinzweig N, Weinzweig J [eds]: The Mutilated Hand. Philadelphia, Mosby, 2005, p 35.)
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A 28-year-old man sustained a table saw injury to his left hand resulting in amputation of the four fingers just distal to 
the proximal interphalangeal joints, sparing the thumb (Fig. 132-6).

A 22-year-old man sustained an avulsion injury of his right thumb distal to the interphalangeal joint when his hand was 
caught in an auger. His entire flexor pollicis longus tendon was avulsed from its muscular origin (Fig. 132-5).

Box 132-5. Clinical Case: Radial Mutilation: Type IV C1(thumb), Zone 1

Continued

A

C

B

Figure 132-5. Radial mutilation. Type IV C1(thumb), zone 1. (From Weinzweig J, Weinzweig N. 
Classification systems for mutilating injuries. In: Weinzweig N, Weinzweig J [eds]: The Mutilated 
Hand. Philadelphia, Mosby, 2005, p 37.)

Box 132-6. Clinical Case: Transverse Amputation: Type V C1(I,M,R,S), Zones 2 and 3 (Distal Row)

Figure 132-6. Transverse 
amputation. Type V C1(I,M,R,S), zones  
2 and 3 (distal row). (From Weinzweig 
J, Weinzweig N. Classification 
systems for multilating injuries. 
In:  Weinzweig N, Weinzweig J [eds]: 
The Mutilated Hand. Philadelphia, 
Mosby, 2005, p 38.)

A B
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Successful replantation and revascularization at the transmetacarpal level generally result in fair-to-poor functional 
results, even with guillotine-type amputations. The main reason is probably ischemic insult to the interosseous and 
lumbrical muscles as a result of direct muscle injury or interruption of the delicate blood supply to these tiny muscles. 
The zone of injury is often extensive, with destruction of the intrinsic muscles, flexor and extensor tendons, MCP joints, 
and neurovascular structures. Multiple reconstructive procedures are required in staged fashion. Bilateral mutilations 
present a special circumstance with respect to functional outcome.

A 42-year-old psychotic man sustained a self-inflicted hack saw injury to his left hand resulting in complete amputation 
through the carpus. Note the hesitation cut across the dorsal wrist just distal to the level of amputation, indicating his 
initial attempt and hesitation before completing the intended self-inflicted injury (Fig. 132-7).

Box 132-7. Clinical Case: Transverse Amputation: Type V C1, Zones 1 to 9

Box 132-6. Clinical case: Transverse Amputation: Type V C1(I,M,R,S), Zones 2 and 3 (Distal 
Row)—cont’d

Figure 132-6—cont’d.

C D

A B

Figure 132-7. Transverse 
amputation. Type V C1, zones  
1 to 9. (From Weinzweig J, 
Weinzweig N. Classification 
systems for mutilating injuries. 
In: Weinzweig N, Weinzweig J 
[eds]: The Mutilated Hand. 
Philadelphia, Mosby, 2005, 
p 40.)
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Complete hand replantations have a better prognosis than transmetacarpal replantations. The flexor tendons are injured 
in zone 5, and the intrinsic muscles of the hand are spared (Box 132-6, 132-7).

12. What is a phalangeal hand?
A phalangeal hand is one in which multiple fingers have been amputated at, or distal to, the middle of the proximal 
phalanx, with or without involvement of the thumb at, or distal to, the interphalangeal joint. Although some basic 
functional capacity of the hand is preserved, significant functional, aesthetic, and psychological deficits must be 
addressed (see Fig. 132-6).

13. What is a metacarpal hand?
A metacarpal hand is one that has lost its prehensile ability due to amputation of all fingers with or without 
amputation of the thumb. Functional restoration can be achieved by various microvascular toe transfer techniques. 
The choice of procedure depends on the level of amputation of the fingers and the functional status of the thumb. 
Based on their extensive experience with metacarpal hands reconstructed with toe-to-hand transfers, Wei et al. 
described a classification system that served as a guide to their treatment philosophy. They identified two major 
types of metacarpal hand based on whether the thumb is injured. The type I metacarpal hand is one in which all 
four fingers have been amputated proximal to the middle of the proximal phalanx with either an intact thumb or a 
thumb amputated distal to the interphalangeal joint. The type II metacarpal hand is one in which all four fingers have 
been amputated proximal to the middle of the proximal phalanx and the thumb has been amputated proximal to the 
interphalangeal joint (Fig. 132-8).

14. What is the Krukenberg procedure?
Originally described by Krukenberg in 1917, this operation was mainly used in Germany during World War I. The 
forearm is fashioned into an active pincer with the arms covered by innervated sensate soft tissue. It is indicated 
in cases of congenital or traumatic amputations of the hand. In unilateral amputations, a prosthesis is preferred 
except in patients whose occupation demands sensibility of both upper limbs. However, when both hands have 
been amputated, the Krukenberg operation is cited as the best approach, performed either bilaterally or unilaterally 
with a prosthesis on the other side. It helps bilateral amputees to regain total independence. A sensate pincer is 
especially necessary in blind patients. This operation is particularly indicated when both hands and both eyes have 
been damaged.

15. What are degloving injuries (type VI)?
Degloving injuries involve circumferential loss of innervated skin and tactile surface(s) of the hand. They are often 
associated with nerve, vessel, or tendon avulsion. Degloving injuries are serious injuries usually caused by avulsion of 
soft tissue by a roller-type mechanism. No local innervated skin is available to resurface important tactile areas of the 
hand. Soft tissue coverage occasionally can be achieved by harvesting a skin graft from the degloved part. Often, a groin 
flap or emergency free flap is required. Reconstruction is especially difficult for simultaneous provision of skin on both 
aspects of the hand (Box 132-8).

Figure 132-8. Type I 
metacarpal hand. (From Jain V, 
Wei F-C. The metacarpal hand. 
In: Weinzweig N, Weinzweig J 
[eds]: The Mutilated Hand. 
Philadelphia, Mosby, 2005, 
p 280.)
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A 45-year-old man sustained a roller press injury to his left hand with complete degloving of the ring and little fingers and 
avulsion of the distal pulp and nail of the thumb. Note the avulsed neurovascular bundle to the little finger (Fig. 132-9).

Box 132-8. Clinical Case: Degloving Injury: Type VI A1, Zones 3 and 6 (Ulnar Column)

A 21-year-old man sustained a punch press injury to his left hand resulting in devascularization of the four fingers, 
destruction of the ulnar metacarpals and carpal bones, and palmar soft tissue loss (Fig. 132-10).

Box 132-9. Clinical Case: Combination Injury: Type VII C1(I,M,R,S), Zones 5 to 9 (Proximal and  
Central Rows)

A

C

B

Figure 132-9. Degloving injury. Type VI A1, zones 3 and 6 (ulnar 
column). (From Weinzweig J, Weinzweig N. Classification systems 
for mutilating injuries. In: Weinzweig N, Weinzweig J [eds]: The 
Mutilated Hand. Philadelphia, Mosby, 2005, p 41.)

A

Figure 132-10. Combination injury (punch press). Type VII C1(I,M,R,S), zones 5 to 9 (proximal and central rows). (From Weinzweig J, 
Weinzweig N. Classification systems for mutilating injuries. In: Weinzweig N, Weinzweig J [eds]: The Mutilated Hand. Philadelphia, 
Mosby, 2005, p 42.)
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16. What are combination injuries (type VII)?
Type VII injuries usually involve a combination of types I through VI as well as other injuries that do not fit the more rigid 
definitions of injury types. Type VII injuries usually are the most severe, often caused by extreme forces such as punch 
presses and thermal or electrical burns (Box 132-9).

17. What is an emergency free flap?
Based on Godina’s work with early microsurgical reconstruction of complex trauma to the limb, Lister and Scheker 
defined the emergency free flap as one performed after primary débridement or within 24 hours of surgery and reported 
a success rate of 93.5% (29/31 flaps). Ninkovic et al. reported their experience with 29 patients who underwent 27 
emergency free flaps and three emergency toe-to-hand transfers without flap failure, infections, or wound-healing 
complications. Long-term follow-up demonstrates successful functional and aesthetic results with reduced rates of free 
flap failure, postoperative infection, and secondary operative procedures as well as reduced hospital stay and medical 
costs.

18. What is spare parts surgery?
Amputated parts that are not suitable for replantation can be salvaged for use as possible donors, such as pliable 
dorsal skin for coverage, nail bed for split- or full-thickness nail bed grafts, tendons for interpolated grafts, pulley 
reconstruction, or soft tissue arthroplasty, nerve grafts from nonreplantable digits, or bone grafts to bridge bony defects. 
Mutilating injuries usually demonstrate devastating involvement of bone and soft tissue structures. You must carefully 
examine the remaining extremity and amputated parts in an attempt to maximize function. Every amputated part should 
be considered a possible spare part before it is discarded.

19. What is ectopic parts surgery?
Ectopic parts surgery involves transfer of an amputated part to a different location where it may serve a more useful 
function. Short stumps of fingers (index, middle, or ring) with little function often can be pollicized to provide a useful 
and sensate thumb reconstruction. In addition, an amputated part can be banked ectopically in a more favorable 
location until the site from which it came is ready for anatomic replantation.

20. When is amputation indicated?
Realistic assessment of potential function may indicate that the revascularized part will be insensate, painful, immobile, 
or nonfunctional with possible decreased function of the adjacent normal digits. Amputation is not failure; instead, it 
often serves a patient better than multiple complex operations that restore little function.

21. What is the role of prostheses in the management of the mutilated hand?
Cable-operated or myeloelectric prostheses help to restore useful function to an otherwise functionless hand.

Box 132-9. Clinical Case: Combination Injury: Type VII C1(I,M,R,S), Zones 5 to 9 (Proximal and  
Central Rows)—cont’d

B C

Figure 132-10—cont’d.
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Vascular DisorDers of the  
upper extremity

 1. What is Raynaud’s phenomenon? What is the difference between Raynaud’s disease 
and Raynaud’s phenomenon?
Raynaud’s phenomenon is a vasospastic state characterized by intermittent acral color change during exposure to cold 
or stress. Sympathetic hyperactivity stimulates an intense arterial vasospasm leading to hypoperfusion of the digits  
and associated pain, triphasic color change (white, blue, red), and possible fingertip ulceration.

Raynaud’s disease is a clinical entity caused by vasospasm and autonomic dysfunction without a secondary cause, such 
as collagen vascular disease, vaso-occlusive disease, or history of trauma.

Patients with primary vasospasm are predominantly female, experience symptoms at a younger age, have normal 
results of laboratory tests and angiography, normal Allen’s test, rarely have ulcerations or gangrene, and are more likely 
to respond favorably to nonoperative treatment.

Unlike Raynaud’s disease, Raynaud’s phenomenon is a symptom of a preexisting disorder.

 2. What is the Wake Forest classification of occlusive/vasospastic disease?
Group I and IIA patients respond well to nonoperative treatment, including smoking cessation, avoidance of cold 
environments, limitation of precipitating activities, and pharmacologic management (calcium channel blockers, selective 
serotonin reuptake inhibitors, and tricyclic antidepressants). Those with inadequate circulation may require operative 
treatment. Group IV patients seldom benefit from vascular or sympathetic nerve manipulation (Table 133-1).

 3. What are the surgical options for treatment of Raynaud’s disease? How can you 
preoperatively evaluate response to a sympathectomy?
Alteration of sympathetic tone and arterial reconstruction are the two main surgical approaches to vasospastic disease. 
Proximal (cervicothoracic) sympathectomy provides good short-term results. However, the symptoms may return or 
even become more severe after 6 to 12 weeks. Reversible phenol injection under computed tomographic guidance, 
rather than ablative sympathectomy, can provide relief of symptoms. Peripheral sympathectomy can be performed by 
excising the segment of the thrombosed vessel along with the periarterial sympathetic nerves and allowing maturation 
of collaterals (Leriche sympathectomy). Palmar sympathectomy involves dividing the sympathetic fibers surrounding 
the radial, ulnar, deep, and superficial arches and the common digital arteries through volar wrist and palmar 
incisions. Digital sympathectomy is performed through the Brunner incision extending from the distal palmar crease 
to midproximal phalanx. The neuronal fibers between the digital nerve and digital artery are transected. Peripheral 
sympathectomy requires meticulous stripping of the arterial adventitial under microscopic visualization.

Table 133-1. Wake Forrest Classification

GROUP DISORDER ETIOLOGY

I Raynaud’s disease Idiopathic

II
 IIA
 IIB

Raynaud’s phenomenon
 Adequate circulation
 Inadequate circulation

Collagen vascular disease

III
 IIIA
 IIIB

Secondary vasospasm/occlusive disease
 Adequate collateral circulation
 Inadequate collateral circulation

Vascular injury/occlusion/embolus

IV Secondary vasospasm Nonvascular (nerve, bone, soft tissue) injury

Data from Troum SJ, Smith TL, Koman LA, Ruch DS: Management of vasospastic disorders of the hand. Clin Plast Surg 24:121–133, 1997.
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Improvement in symptoms, increase in digit temperature, and decrease in peripheral vascular resistance after injection 
of lidocaine via a digital or wrist block is often a valuable prediction of a good response to sympathectomy.

 4. What is Buerger’s disease?
Buerger’s disease, or thromboangiitis obliterans (TAO), is an inflammatory occlusive disease of small- and medium-
size vessels, predominantly seen in younger male smokers. The thrombotic disease with neutrophil infiltration and 
microabscess formation is found in the distal vessels and may involve the surrounding vein and nerve. Vascular 
insufficiency can lead to significant ischemic pain and eventual gangrene. Smoking cessation decreases disease 
progression and need for amputation.

 5. What is the difference between a true and a false aneurysm?
A true aneurysm is a uniform dilation of the vessel that contains all but attenuated layers of the vessel wall (intima, 
media, adventitia). It is the result of chronic disease and turbulent flow and presents as a nontender pulsatile mass. 
A false aneurysm, or a pseudoaneurysm, usually is the result of a penetrating trauma leading to a hematoma that 
fibroses and recanalizes. Hence, a pseudoaneurysm does not contain the endothelial lining. Common complications 
of aneurysms of the upper extremity include thrombosis, embolic events, and compression of surrounding tissues. 
The treatment of either a true or a false aneurysm is the same: excision and ligation of proximal and distal ends, or 
arterial reconstruction in the case of a crucial blood supply. Arteries can be reconstructed with an end-end anastomosis, 
patching the vessel, or using a reversed vein interposition or bypass graft.

 6. What is “steal phenomenon”?
Arteriovenous fistulas are created after trauma or infection, or iatrogenically during hemodialysis access. Diversion of 
blood flow from the distal arteries to the vein can lead to ischemic and neurologic sequelae, called steal phenomenon. 
In the radiocephalic fistula, the circulation is diverted from the radial artery and occasionally retrograde from the palmar 
arch and the ulnar artery. To increase the fistular resistance and decrease the steal, the lumen must be drastically 
reduced (Poiseuille’s law: Resistance is inversely proportional to the radius to the fourth power). If the steal involves 
retrograde flow from the palmar arch, ligation of the radial artery distal to the anastomotic site may improve the 
symptoms. Occasionally, a bypassing graft or complete ligation of the fistula is required.

 7. What is the treatment of an embolic event of the upper extremity?
Arterial emboli usually originate in the heart, subclavian artery, or palmar arch. The larger emboli, which occlude the 
brachial artery, are formed in the heart. Smaller thrombi usually are formed in the wrist and affect the digital arteries. 
The findings include petechiae, sudden onset of pain, cyanotic fingers, and possibly lack of pulses. Segmental pressures 
and arteriography can help localize the site of occlusion. Anticoagulation and thrombectomy for larger emboli are 
indicated, followed by 3 months of oral anticoagulation. Correction of the underlying cause (e.g., atrial fibrillation) is 
undertaken. In the case of a possible reperfusion injury, fasciotomies are imperative.

 8. How does a typical hemangioma compare to a vascular malformation in a newborn?
Incidence of hemangiomas in a white infant is 4% to 10%, is lower in a baby with darker skin, and is as high as 23% 
in a premature low-birth-weight child. Only 30% of hemangiomas are noted at birth. The remainder appear as a 
premonitory spot and develop by the fourth week of life. They are true vascular tumors, having excessive endothelial 
proliferation on pathology. They are found in female/male infants in 3:1 ratio. Fifteen percent of these tumors are found 
in extremities. Hemangiomas undergo rapid growth early on, followed by spontaneous involution. Eighty percent are 
solitary tumors. If multiple, chance of internal organ involvement is greater.

Vascular malformations result from embryogenic error, not from cellular proliferation. They are congenital clusters and 
channels of arteries, veins, capillaries, or lymphatics. The lesions are present at birth, although they may not be clinically 
evident. The incidence is equal in male and female infants. Malformations grow in proportion to a child’s size and may 
become more pronounced later in life rather than involute.

 9. What are the phases of a developing hemangioma?
 • Proliferating phase is characterized by a bright red warm mass increasing in size. This phase usually is completed by 
the first year of life. Endothelial cells are ample and rapidly form vascular channels in culture. Increases in numerous 
vascular growth factors, including vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF), 
are noted, although multiple factors are implicated. Urine levels of bFGF can be used to monitor tumor proliferation.

 • Involuting phase usually occurs between 1 to 7 years of age. During this phase, the growth of the tumor is slower 
than the growth of the child. The lesion fades into a purple, then a bluish, and finally a gray color. Endothelial cells 
flatten. Sinusoids dilate and are replaced by fibrous tissue. Mast cells and macrophages produce metalloproteinases, 
inhibiting angiogenesis. Levels of interferon-β are normalized, leading to skin keratinization.

 • Involuted phase is characterized by vessels that have been replaced by fibrofatty tissue. Deep hemangiomas will not 
have cutaneous manifestations, but remnants of a superficial tumor may persist as redundant skin.
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 10. What is the treatment of hemangiomas of the upper extremity?
Observation continues to be the mainstay of hemangioma treatment. This may be a great challenge with anxious 
parents. Hemangiomas of the upper extremity can bleed easily due to the child’s activity, thumb sucking, or scratching. 
The ulcerations can be easily treated with compression and elevation. Wound care, topical antibiotics, and limb 
protection help ulcer healing. Cellulitis may require systemic antibiotics.

Extensive tumors that can be life threatening usually involve the axilla and ipsilateral chest wall. These lesions may 
require medical or procedural treatment. Several options are available.

Intralesional steroid injection (3 to 5 mg/kg) is as effective as systemic therapy (2 to 3 mg/kg per day for 2 weeks, 
followed by a taper). The complications include subcutaneous tissue atrophy and hypopigmentation for local injections, 
and typical growth retardation, weight gain, and cushingoid changes for systemic therapy.

Interferon-a can be given to patients with complex hemangiomas who do not respond to corticosteroid therapy. It is 
injected subcutaneously daily. The most serious side effect is spastic diplegia, which usually appears in patients younger 
than 12 months. Other side effects include anemia, neutropenia, and transaminase elevation. All complications are 
reversible by drug discontinuation.

Surgery is rarely indicated but may be required for ulcerating, nonhealing hemangiomas. Ideally, resection, if indicated, 
is postponed until regression is complete.

Pulsed-dye laser photocoagulation of the premonitory spot before hemangioma development has led to very good 
results.

 11. What is Maffucci syndrome?
This rare syndrome consists of cavernous hemangiomas and enchondromas of the long bones. Hemangiomas usually 
appear as blue asymmetric nodules between 4 and 5 years of age. Enchondromas are found on the hands in 89% of 
patients. They present with bony deformities, length discrepancies, pathologic fractures, and malunions. Approximately 
one third of enchondromas will differentiate into chondrosarcomas. Close monitoring and bone needle biopsies are 
required for pathologic evidence of neoplastic changes.

 12. What are pyogenic granulomas? How are they treated?
Pyogenic granulomas are benign vascular lesions presenting as fleshy polypoid papules, usually less than 1cm in 
size. Their name is a misnomer; they are not related to infection or granulomatous disease. Histologically, they are 
composed of collagen and vascular proliferative tissue. They tend to ulcerate and bleed, but only 7% is associated 
with prior trauma. Treatment options include silver nitrate or electrocauterization, shave excision, laser treatment, 
and full-thickness excision with primary closure for larger or recurrent lesions.

 13. What is a glomus tumor?
Glomus tumor is a benign tumor of the arterial portion of the glomus body, a dermal arteriovenous shunt surrounded 
by smooth muscle cells that contributes to the body’s temperature regulation. They present in the distal extremities, 
especially in the subungual region, with symptoms of paroxysmal pain and cold sensitivity. Distal to the eponychium, 
they appear as purple nodules less than 5mm in size and can be easily identified with high-resolution magnetic 
resonance imaging (MR)I. Surgical excision is recommended for symptomatic lesions. Extremely rare malignant glomus 
tumors, glomangiosarcomas, usually are larger than 1cm, grow rapidly, and involve deeper tissues. Wide excision is 
curative for the malignant transformations, although they have potential for metastasis.

 14. What are “Hildreth’s sign” and the “Love test”?
Application of a tourniquet proximal to a glomus tumor will decrease the blood flow through the lesion and remit the 
pain. This is a positive Hildreth’s sign and confirms the vascular element of the glomus tumor. The Love test is positive 
when the tip of a pencil elicits pain over the precise area overlying the lesion. The two maneuvers can be helpful in 
diagnosis of these tumors.

 15. What is Kasabach-Merritt syndrome?
Kaposiform hemangioendothelioma or tufted angioma is a low-grade invasive vascular tumor that usually appears in 
infancy and involves large areas of the body. The trunk usually is involved along with the upper extremity. The tumor 
traps platelets, releasing platelet-derived growth factor and generating thrombin. Resulting thrombocytopenia and 
potential disseminated intravascular coagulopathy (DIC) is termed Kasabach-Merritt syndrome. The treatment usually 
is medical, including steroids, interferon-α, and vincristine. Sclerotherapy and surgery are used less frequently. Overall 
mortality rates range from 10% to 39%.
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 16. Why do arteriovenous malformations expand and involve surrounding tissues?
These high-flow, high-pressure anomalies dilate the vessels, forming new fistulas and recruiting surrounding tissues. 
Creation of steal phenomenon leads to local ischemia and neoangiogenesis. Hence, ligation of proximal arteriovenous 
malformations (AVMs) can lead to further lesion expansion. Finally, cells cultured from AVMs have higher proliferation 
rates and reduced apoptosis.

 17. What are the indications for amputation?
Arteriography and embolization are first-line treatment of AVMs. Selective amputation can be therapeutic after all 
other management therapies have failed. These include patients with unrelenting pain, tissue necrosis, life-threatening 
infection, progressive congestive heart failure, and retarded growth and development. Some patients will request an 
amputation after prolonged treatment and poor outcomes.

 18. How does a port-wine stain of the upper extremity compare to those of the head 
and neck?
Capillary malformations or port-wine stains of the upper extremity are less likely to develop nodularity, cobblestoning, 
or ulceration as they mature. Their response to a pulsed-dye laser is diminished compared with the response of 
malformations of the head and neck. Extensive involvement may be associated with both axial and circumferential 
hypertrophy of the upper extremity.

 19. What are Klippel-Trenaunay syndrome and Parkes-Weber syndrome?
Klippel-Trenaunay syndrome consists of a triad of port-wine stain, varicosities, and extremity hypertrophy. Parkes-Weber 
syndrome involves the three findings of Klippel-Trenaunay syndrome as well as AVM; it has higher rates of morbidity and 
mortality. Radiologic imaging evaluates for limb size discrepancy. Compression garments are used for venous insufficiency, 
lymphedema, cellulitis, and bleeding but will increase venous stasis in extremities with anomalous deep veins. Antibiotics, 
analgesics, and steroids may be indicated in cellulitis or thrombophlebitis. Notable limb discrepancy is treated with 
osteotomies or epiphysial stapling. Because debulking may increase lymphedema, surgical intervention for soft tissue 
hypertrophy is reserved for patients with significant cosmetic deformity, pain, and recurrent bleeding and infection.

 20. How are venous malformations evaluated?
Venous malformations (VMs) are low-flow venous lesions presenting with a mass, swelling, and skin discoloration. 
Compression of the mass and limb elevation will improve the lesion’s appearance. They usually are found in the 
subcutaneous plane but may extend into the muscle. Pain and paresthesias from mass effect and phlebothrombosis 
are uncommon but known sequelae. In the upper extremity, VMs are equally distributed within the flexor and extensor 
compartments. In the hand, they are more frequent in the dorsal interossei, thenar, and hypothenar muscles than in 
the palmar interossei and lumbricals. Plain radiographs show calcified phleboliths. Ultrasonography shows a low-flow, 
compressible lesion. MRI provides thorough images of the lesions and delineate tissue involvement. Invasive techniques 
(e.g., phlebography and angiography) may be helpful in preoperative evaluation.

 21. What are the complications of VM treatment?
Observation is the mainstay therapy for small lesions. Daily aspirin is prescribed to prevent and treat thrombosis, along 
with compression garments for bulk control.

Sclerotherapy is used frequently in the upper extremity with VMs. A tourniquet and 100% alcohol are used, avoiding the 
areas around the brachial plexus, the antecubital fossa, and the hand. Complications include skin damage and necrosis, 
surrounding tissue injury, compartment syndrome, and rhabdomyolysis. Systemic injection may lead to pulmonary, 
cardiac, and cerebral injury and potentially death.

Surgical treatment can be very challenging. Immaculate hemostasis and the surgeon’s experience are imperative. In 
case of localized muscle involvement in the arm, complete excision and reconstruction may provide a better outcome. 
Care should be taken not to injure the arteries and nerves. The complication rate is 10%, and complications include 
hematomas, functional loss, soft tissue defect, contractures, and need for multiple procedures.

 22. What is blue rubber bleb nevus syndrome?
Blue rubber bleb nevus syndrome presents with chronic gastrointestinal bleeding and small cutaneous lesions 
secondary to VMs. Skin lesions usually are found on the trunk, palms, and soles. They are soft and nodular. Hundreds of 
gastrointestinal lesions can be present. Other systems, including joints, can be involved, leading to functional difficulty.

 23. What are lymphatic malformations?
Lymphatic malformations are composed of microscopic or macroscopic, multiloculated, cyst-like collections of 
proteinaceous fluid. They usually are seen at birth and are noncompressible. Microscopic lesions usually are found in 
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a distal extremity and are not amenable to sclerotherapy. Lymphatic malformations usually do not penetrate the fascial 
planes but may track along them. They are painful if intralesional bleeding occurs. If the skin is involved, peau d’orange 
appearance may be present, with continuous weeping, ulceration, and an excellent pathway for bacterial invasion and 
chronic infections.

 24. What is a cystic hygroma?
Cystic hygroma is a term for thin-walled, macroscopic lymphatic malformation usually found in the neck and axilla. MRI 
is required to evaluate depth and neurovascular invasion. Surgery is the mainstay treatment, ensuring near-complete 
excision to prevent recurrence. Airway compression requires urgent intervention.
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Compartment Syndrome

 1. What are the compartments of the forearm, and what structures do they contain?
The compartments of the forearm are less completely separated than are those in the distal leg. However, there are 
three main compartments with superficial and deep subdivisions in the volar and dorsal compartments (Table 134-1). 
The volar and dorsal compartments are separated by the interosseus membrane. Some authors have stated that the 
pronator quadratus lies in its own deep compartment.

 2. What are the most common causes of upper extremity compartment syndrome?
 • Increased Volume in a Muscular Compartment: Hemorrhage, ischemia from arterial occlusion, venous obstruction, 
edema, electrical burns, reperfusion injury, intravenous extravasation of toxic substance, snakebite, crush injury, and 
supracondylar humerus fractures in children

 • External Compression: Tight casts, extended tourniquet duration, nonexpandable burn eschar, laying on limb (altered 
mental status and inability to self-protect)

 3. What is the physiologic cause of ischemia in the upper extremity?
Ischemia is defined as an insufficient supply of oxygen to the tissue to meet demands. In compartment syndrome this 
results when the driving pressure of blood in the capillary system defined as pressure arterial minus pressure venous 
(Pa – Pv) is less than the pressure in the surrounding tissues. As the pressure in the interstitium increases the capillaries 
collapse preventing flow. A lack of flow increases tissue ischemia and damage, leading to further swelling and pressure 
in the compartment causing a vicious cycle.

Table 134-1. Compartments of the Forearm and Their Contents

MAIN COMPARTMENT SUBDIVISION MUSCLES PERFUSION AND INNERVATION

Volar Superficial Pronator teres, palmaris 
longus, flexor digitorum 
superficialis, flexor carpi 
radialis, flexor carpi ulnaris

Perfusion from anterior 
interosseus artery

Innervated by median and 
anterior interosseus nerves

Deep Flexor digitorum profundis, 
flexor pollicis longus, 
pronator quadratus

Same as superficial

Dorsal Superficial Extensor digitorum 
communis, extensor 
carpi ulnaris, extensor 
digiti minimi

Perfusion from radial, posterior 
interosseous, and anterior 
interosseous arteries

Innervated by posterior 
interosseous nerve

Deep Abductor pollicis longus, 
extensor pollicis brevis, 
extensor pollicis longus, 
extensor indicis proprius, 
supinator, anconeus

Same as superficial

Lateral (mobile wad) Brachioradialis, extensor 
carpi radialis brevis, 
extensor carpi radialis 
longus

Perfusion from radial, recurrent 
radial, inferior ulnar arteries, 
and collaterals of profundi 
brachii

Innervated by radial nerve

From Ronel DN, Mtui E, Nolan WB: Forearm compartment syndrome: Anatomical analysis of surgical approaches to the deep space. 
Plast Reconstr Surg 114:697–705, 2004.
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 4. How does elevation paradoxically worsen the compartment syndrome?
Usually edema is reduced with limb elevation, improving pain and swelling. However, in compartment syndrome the decreased 
hydrostatic force of limb elevation leads to a decreased driving pressure in the capillary bed. Because the pressure in the 
compartment does not go down with elevation and the driving perfusion pressure is decreased, the result is worsening 
ischemia.

 5. What are the signs and symptoms of compartment syndrome?
Common findings with compartment syndrome (the “Ps”):

 • Pain
 • Pallor
 • Pain with passive flexion
 • Paresthesias
 • Poikilothermy
 • Pressure (tight compartment)
 • Pulselessness (very late finding)
 • Paresis

 6. What is usually the first finding and the last?
Extreme pain with passive extension and loss of fine touch sensation should increase clinical concern early. Because 
pulselessness is a very late finding, its presence should not be required for the diagnosis.

 7. What tests can be used if the diagnosis is uncertain, and when should they be used?
The diagnosis is primarily clinical. Whenever a patient has pain out of proportion to examination, the diagnosis should 
be entertained. In patients who have a mechanism for compartment syndrome (e.g., crush, fracture, burn) and are 
unable to provide a good history, further diagnostic testing should be performed. The most common test is percutaneous 
compartment pressure measurement. This is usually done with a Stryker STIC device or simply an A-line setup with a 
needle inserted directly into the compartment of concern.

 8. At what compartment pressure does ischemia ensue?
Although there are no firm numbers, the generally accepted threshold is 30 mm Hg (which is approximately capillary 
occlusion pressure). However, with a low diastolic blood pressure or inability to clearly evaluate a patient’s symptoms, 
anything above 20 mm Hg, or within 30 mm Hg of the diastolic blood pressure, should be concerning.

 9. What is the best way to improve outcome in forearm compartment syndrome?
Early intervention with fasciotomy before permanent muscle necrosis or nerve injury occurs is critical to achieving a 
favorable outcome. Tissue injury can be prevented in the first 3 to 4 hours, and permanent necrosis results after a delay 
of more than 4 to 5 hours, but nerve injury begins after as few as 30 minutes.

 10. Describe the technique of upper extremity compartment fasciotomy and the 
important structures that should be released.
Release of forearm compartments (Fig. 134-1):

 • Skin incision
 • Avoid palmar cutaneous branch of median nerve
 • Release median nerve in carpal tunnel
 • Preserve cutaneous veins when possible
 • Release superficial and deep compartments and lacertus fibrosis at the elbow
 • Observe muscle reperfusion and perform epimysiotomy if necessary
 • Brachial artery can be exposed through proximal extension of the incision

Figure 134-1. Suggested skin incision for forearm fasciotomy.
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 11. Are there any other treatments of acute compartment syndrome?
The mainstay of treatment is early recognition of symptoms and prompt treatment with fasciotomy. Only as an adjunct 
should other therapies be used to try and rescue borderline tissue. These include hyperbaric oxygen, corticosteroids, 
antibiotics, and oxygen-radical scavengers such as mannitol. Splinting and elevation can help reduce edema and foster 
earlier closure.

 12. What situations might mandate an exploration of the deep compartments?
High-voltage injury preferentially affects deep compartments because bone has a high resistance and generates 
significant heat and tissue damage. Crush injuries and an extended period of local pressure should elicit concern.

 13. What is the most common cause of hand compartment syndrome, and how is it 
treated?
First described by Bunnell in 1948, hand compartment syndrome is much less common than is compartment syndrome 
of the forearm. It usually is iatrogenic from extravasated intravenous medicines but also occurs after crush injuries 
and fractures. The hand has 10 compartments and usually can be decompressed adequately through dorsal incisions 
over the interosseus compartments (Fig. 134-2). Occasionally, additional incisions over the thenar compartments are 
required. A decompression of the median nerve should always be performed. Intrinsic-minus hand position (extended 
metacarpophalangeal joint and flexed interphalangeal joint) should be a clue to the diagnosis and increase clinical suspicion.

ISChemIC ContraCtureS

 14. Who first described the long term sequelae of upper extremity ischemia?
Dr. Richard von Volkmann published initial cases in 1869 and then subsequently in 1881 recognized that multiple 
causes of ischemia all led to similar forearm contractures.

 15. When was the pathophysiology leading to contracture and effective treatment 
outlined?
Not until the 1970s was the connection between local tissue ischemia leading to myonecrosis, infarct, and ultimately 
fibrosis and contracture fully elucidated.

 16. What is the most common cause of Volkmann’s contractures in developing countries?
Bandages that are too tight!
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Figure 134-2. Suggested skin 
incision for hand (A) and finger (B) 
fasciotomies.
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 17. What injury in children is most commonly associated with Volkmann’s contracture, 
and how does it occur?
Supracondylar humerus fractures in children have a propensity for brachial artery injury, resulting in ischemia. The 
fractured bone can lacerate the median nerve or brachial vein. When a supracondylar fracture is diagnosed, the arm 
should be carefully splinted and the fracture stabilized urgently. Frequent assessments of the forearm compartments 
and sensation should be performed, and if there is any suspicion of increased pressure, fasciotomies should be 
performed with possible exploration of the brachial vessels as indicated.

 18. Which compartment is most commonly affected by compartment syndrome and why?
The deep flexor compartment of the forearm lies in direct opposition to the radius, ulna, and nondistensible interosseous 
membrane. It is also surrounded by a tight layer of fascia. Small changes in volume in this compartment rapidly  
increase the internal pressure, leading to compartment syndrome.

 19. Describe three levels of severity in established Volkmann’s contracture and their 
treatment options (Fig. 134-3).
 • Mild: Flexion contractures of only two or three fingers with limited or no neurologic damage. Usually the middle and 
ring fingers are affected because they have the deepest muscle bellies and are furthest from the arterial blood supply. 
For these injuries conservative nonoperative management usually results in good function. Therapies include splinting 
and physical therapy without surgery.

 • Moderate: All fingers have flexion contractures including the thumb, which may be locked into the palm. There 
is usually associated sensory loss. If initial hand function remains good, conservative treatment, as with minor 
contractures, should be attempted. Tendon lengthening procedures performed in the past have poor outcomes and 
are not recommended. When progression of the contractures is noted, treatment includes excision of the fibrotic 
muscle bellies, tenolysis, neurolysis, and tendon transfers (most commonly brachioradialis to flexor pollicis longus 
and extensor carpi radialis to flexor digitorum profundus).

 • Severe: All forearm musculature is affected, including the flexors and extensors. Children will often have forearm 
length discrepancy as they grow. These patients usually require multiple operations but have better outcome with at 
least early débridement followed by free muscle transfer.
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 1. Describe the functional anatomy of peripheral nerves.
Peripheral nerves are basically composed of four components (Fig. 135-1):

1. Neurons, the primary functional units of peripheral nerve, are composed of cell bodies and axons. The cell bodies 
of motor axons are found in the anterior horn area of the spinal cord, and sensory cell bodies are found in the 
dorsal root ganglia of the spinal cord.

2. Connective tissues of the nerve are arranged in three layers: endoneurial connective tissue, which is found around 
individual axons; perineurial connective tissue, which surrounds fascicles; and epineurial connective tissue, which 
runs between fascicles and around the outside of the nerve and constitutes the main support structure of the 
nerve itself.

3. Schwann cells supply myelin for efficient electrical nerve conduction. In addition, they appear to influence 
maturation and resting metabolism of axons.

4. End organs, including the motor endplates, sensory receptors, and autonomic receptors, transduce electrical 
activity into function.

Motor recovery appears to become refractory to reinnervation after approximately 15 to 18 months of denervation. 
Sensory recovery has been described up to 20 years after initial denervation. Autonomic function and possible 
reinnervation after denervation have not been well studied.

 2. How are nerve injures classified? What is the clinical importance of classification?
Seddon’s original classification, proposed in 1943, described three types of nerve injury:

1. Neurapraxia involves a local conduction block at a discrete area along the course of the nerve; subsequent 
wallerian degeneration does not occur.

2. Axonotmesis refers to direct axonal damage; wallerian degeneration occurs distal to the site of injury.
3. Neurotmesis constitutes transection of a peripheral nerve.

Figure 135-1. The primary 
unit of the peripheral nerve is the 
nerve fiber. The segmental extrinsic 
blood supply and the mesoneurium 
are emphasized. In the extreme 
lower right, a single nerve fiber 
is shown protruding from a nerve 
fascicle. Plexus formation between 
two fascicles is shown. (From 
Mackinnon SE, Dellon AL: Surgery 
of the Peripheral Nerve. New 
York, Thieme, 1988, p 21, with 
permission.)

PeriPheral Nerve iNjuries
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Sunderland expanded Seddon’s classification with grades of nerve injury from I to V. Mackinnon described a mixed injury 
that she called a grade VI injury. The Sunderland classification describes injury to peripheral nerves in relation to axon 
and connective tissue anatomy. Clinical prognosis is proportional to the level of injury (Table 135-1).

 3. What is meant by wallerian degeneration?
The distal segment in a complete nerve injury undergoes a series of degenerative changes collectively known as 
wallerian degeneration. In 1850, Waller described the gross changes of turbidity or coagulation seen even at the distal 
most end of the neural tube after transaction. This ground-glass appearance represents the remnants of degenerated 
myelin and axonal material after loss of axonal continuity. The initial breakdown products of the axon and myelin are 
phagocytosed by macrophages and Schwann cells. Eventually, the space originally occupied by myelinated axons is 
filled with columns of Schwann cell nuclei and their basement membranes.

 4. What are the bands of Büngner?
The collapsed columns of Schwann cells filling the distal segment of a complete nerve injury have a characteristic band-
like appearance under electron microscopy; these columns are known as the bands of Büngner.

 5. What are the bands of Fontana?
In 1779, Felice Fontana first described what appeared to be spiral bands surrounding the peripheral nerve. The 
irregular light and dark strips crossing the surface of unstretched nerves are due to the underlying undulations 
of the individual nerve fibers within the epineural–perineural sheaths. It has been suggested that these are nerve 
bands keeping the proper fascicular structure, providing the elasticity of the perineurium and tolerating stretching 
deformation.

 6. What is Tinel’s sign?
Percussion over the site of a nerve injury or nerve repair elicits a tingling or electric shock-like sensation in the 
distribution of the injured nerve. This sensation represents the leading edge of nerve regeneration. An advancing Tinel’s 
sign after nerve repair implies successful nerve regeneration toward the target organ. A Tinel’s sign that does not 
advance with time may be due to extra-epineurial growth cones that have become misdirected outside the epineurial 
boundary at the level of the nerve repair. Although sensory in nature, Tinel’s sign is also found in regenerating motor 
nerve, probably because of the presence of proprioceptive afferent fibers within all motor nerves.

 7. How fast do nerves regenerate?
As a general rule, regenerating nerves advance at the rate of approximately 1 mm/day or 1 inch/month. However, 
several clinical studies based on advancing Tinel’s sign after nerve repair have reported a rate of recovery up to 2 mm/
day. There is some evidence that the immunosuppressant agent Prograf (tacrolimus [FK506]) increases the rate of 
axonal regeneration.

Table 135-1. Classification of Nerve Injury

DEGREE OF INJURY

TINEL’S SIGN/
PROGRESSES 
DAILY

RECOVERY 
PATTERN

RATE OF 
RECOVERY

SURGICAL 
PROCEDURE

I Neurapraxia No Tinel’s 
sign

Complete Fast (days to 
12 weeks)

None

II Axonotmesis +/+ Complete Slow (1 inch/
month)

None

III +/+ Great variation* Slow (1 inch/
month)

None or 
neurolysis†

IV +/− None No recovery Nerve repair or 
nerve graft

V Neurotmesis +/− None No recovery Nerve repair or 
nerve graft

VI Neuroma in continuity 
(combination of 
grade I–V and 
normal)

Varies by 
fascicle, 
depending 
on injury

Varies by 
fascicle

Varies by 
fascicle

Varies by fascicle

*Recovery is at least as good as nerve repair but varies from excellent to poor, depending on the degree of endoneurial scarring and 
the amount of sensory and motor axonal misdirection within the injured fascicle.
†If injury localizes at a known anatomic site of nerve compression, nerve decompression may enhance recovery.
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 8. If nerves regenerate at the rate of 1 inch/month and the tip of the ulnar two fingers 
is approximately 30 inches from the axilla, does this mean that a complete ulnar 
nerve injury at the level of the axilla will take 2.5 years to restore sensibility to the 
ulnar two fingers in the hand?
Yes. The time course of nerve regeneration is relatively predictable, based on the distance from the most proximal extent 
of injury to the end organ supplied by the nerve.

 9. In the same situation as described in Question 8, will the ulnar-innervated hand 
intrinsic muscles regain function 2.5 years after injury?
No. Like most voluntary skeletal muscle that becomes denervated and unlike sensory receptors, the intrinsic muscles 
of the hand become functionally refractory to reinnervation after a finite period. The absolute time is not known, but 
with muscle reinnervation the sooner the reconstruction the better. In closed injury, reconstruction should be performed 
3 months after injury if recovery is not forthcoming. With open nerve injuries, repair should be performed as soon as 
clinically feasible. Intrinsic muscles in the hand do not regain function after an injury in the axilla because the prolonged 
denervation time precludes recovery of motor function.

 10. Do all proximal motor nerve injuries result in permanent loss of function?
No. Excellent recovery is possible across long distances under certain circumstances. Early primary repair of sharp 
transections that maintain motor and sensory topography by excellent coaptation along anatomic landmarks on the 
epineurium results in good recovery of function. Similarly, because of enhanced nerve regenerative capacity, shorter 
distances, and possibly greater central plasticity, nerve repairs in children tend to have good outcomes even with long 
nerve grafts. Protective sensibility and improved muscle function are possible after long nerve grafts when meticulous 
microtechnique is used and sensory/motor topography is correct.

 11. What are nerve transfers?
A nerve transfer uses an uninjured proximal nerve to “power” an injured distal nerve and may restore motor function 
or sensory function. Motor nerve transfers are designed by selecting donor nerves that supply nonessential muscles or 
muscles with redundant fiber innervation and that hopefully are synergistic with the recipient motor nerve. An example 
is transfer of the redundant flexor carpi radialis fascicles of the medial nerve and redundant flexor carpi ulnaris fascicles 
of the ulnar nerve to the biceps brachii and brachialis branches of the musculocutaneous nerve for elbow flexion 
recovery.

 12. Is a motor nerve transfer better than a tendon transfer?
Not always. Nerve injuries occurring more than 12 months earlier or that need to regenerate over long distances will 
have poor results and should be treated with tendon transfers. The advantage of tendon transfers is the immediate 
results seen soon after surgery.

Injuries that are amenable to nerve transfers do better because (1) a nerve transfer can restore motor and sensory 
function, (2) multiple muscle groups can be restored with a single nerve transfer, and (3) the insertion and attachments 
of the muscle(s) in question are not disrupted, so the original muscle function and tension is maintained.

 13. When should a motor nerve transfer be used instead of a nerve graft?
A significant advantage to nerve transfers over nerve grafting or primary repair is the ability to convert a proximal high-
level nerve injury to a low-level nerve injury.

Situations in which nerve transfers are indicated include the following:
 • Brachial plexus injuries in which only very proximal or no nerve is available for grafting
 • High proximal injuries that require a long distance for regeneration
 • To avoid scarred areas where there is a high likelihood that critical structures may be injured
 • Major limb trauma with segmental loss of nerve tissue
 • As an alternative to nerve grafting when time from injury to reconstruction is prolonged
 • In partial nerve injuries with a defined functional loss
 • Spinal cord root avulsion injuries
 • Nerve injuries in which the level of injury is uncertain, such as with idiopathic neuritides or radiation trauma and 
nerve injuries with multiple levels of injury

14. Should all open wounds be explored?
In general, nerve injuries associated with open wounds require immediate exploration. The classic case is a sharp 
laceration causing nerve injury that can be repaired primarily. One exception is a gunshot wound, which, although open, 
causes injury by indirect heat and shock effects. Such injuries more closely resemble closed or blunt traumas and 
should be treated as such.
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 15. How long should you wait before operating on a closed nerve injury?
In closed injuries such as a direct blow or traction injury, the clinical course is followed closely. If complete recovery 
does not occur by 6 to 8 weeks, nerve conduction and electromyographic studies are obtained for baseline evaluation. 
The clinical course is followed up to 12 weeks, and repeat electrical studies are obtained. If improvement in the clinical 
course by 12 weeks or electrical evidence of reinnervation is seen, continue with conservative management. If no sign 
of recovery is seen by either clinical examination or electrodiagnostic testing, operative intervention is warranted. The 
exact surgical procedure varies from neurolysis to nerve grafting or nerve transfer, depending on the grade of the injury 
and the distance of the injury from the end organ. (See Figs. 135-2 and 135-3.)

 16. What is the best way to treat peripheral nerve injuries resulting in segmental  
loss of continuity?
Many different solutions have been proposed for the problem of nerve gaps. For a motor nerve gap that cannot 
be primarily repaired, the gold standard is use of autogenous nerve grafts harvested from appropriate donor sites. 
Recently, cadaveric nerves have become commercially available for use in place of autogenous nerves. The limits are up to 
7 cm in length. Anything longer will need an autograft. For small sensory defects, as in cutaneous nerve defects up to 
3 cm in length, vein grafts and artificial conduits are successfully used. Experimentally, motor defects as long as 6 cm 
have been repaired with vein or other conduits in motor nerves; however, they are still investigational and not being 
used clinically.

For long nerve gaps, nerve transfer may be a better alternative. Nerve grafts even longer than 15 cm have been used 
successfully; however, the success rate of nerve grafting is inversely proportional to the length of graft required.

With massive loss of nerve segments, transplanted nerves can be used for grafting. This is especially useful when large 
amounts of long nerve grafts are needed and in whom the amount of autogenous nerve available for grafting may be limited, 
such as children and amputees. Harvested donor nerves are preserved in cold University of Wisconsin solution for 7 days 
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before transplantation to reduce antigenicity. Recipients and donors must be blood-type compatible, but human leukocyte 
antigen (HLA) compatibility is not necessary. Immunosuppression with Prograft, steroids, and cyclosporin A is required until 
there is evidence of regeneration across the graft into native distal nerve, at which point immunosuppression is stopped. 
Clinical success with this management in a small series of patients has been good.

 17. What is the best method for surgical nerve repair?
Surgical repair of nerve injuries is best performed with several interrupted 9-0 or 10-0 nylon stitches through the 
epineurium. Other techniques, including fibrin glue and laser energy for epineurial coaptation, have been investigated. 
However, fibrin glue carries a small but possible risk of transmission of blood-borne diseases, and lasers produce heat 
that damages nerve tissue and results in unacceptably decreased tensile strength at the repair site. The gold standard 
remains microsuture applied under microscope control. Attempts at fascicular and grouped fascicular repair have shown 
no advantage over simple epineurial repair.

 18. How are nerve repairs classified?
Primary repair occurs when the nerve is repaired within the first few days. Delayed primary repair occurs when the 
nerve is repaired between 2 to 7 days. In both cases, the proximal and distal ends are freshened and an end-to-end 
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coaptation created. After the first week, secondary repair occurs. The longer the wait from time of injury, the less 
likely that an end-to-end coaptation can be achieved, even with significant mobilization of the proximal and distal 
nerve ends.

 19. Is primary repair always better than secondary repair?
In most cases, yes. If the nerve has a significant crush injury, if the wound bed is highly contaminated, if viability of the 
nerve is questionable because of vascular supply, or if infection is present, it may be better to delay the nerve repair 
until the wound is clean. While committing to a nerve graft in most cases, which will necessitate two coaptation sites, 
thereby reducing the number of axons crossing the repair at two sites instead of one, the overall functional outcome 
remains high.

 20. How do you know which repair should be used in which situation?
As long as the nerve is injured by a sharp or a limited crush mechanism, the wound bed is clean, and the two ends are 
easily juxtaposed, a primary repair should be performed. A large gap needs to be repaired with nerve grafts. Some have 
suggested that a nerve gap of 4 to 5 cm in the upper arm, or a 1-cm gap in a digital nerve, requires a nerve graft. A 
vascularized nerve graft can help ensure the survival of the graft and may hasten regeneration in situations such as a 
burn or irradiated tissue with poor vascularity. Conduits are indicated in patients in whom a small nerve gap is present 
but no autologous nerve is available or a donor defect is not warranted. Nerve transfers have specific indications when 
the aforementioned options are not available (Table 135-2).

21. Which quick intraoperative landmarks can be used to match fascicles during an  
end-to-end neurorrhaphy?
The vascular markings within the epineurium are the easiest landmark to assist with alignment of the proximal and 
distal stumps during surgical repair. The size and grouping of fascicles, especially at a more distal location of a nerve, 
where the motor and sensory fibers are more likely to be distinct, can also help align the nerve ends.

22. Describe the clinical tests for nerve function in the hand.
A simple and comprehensive way to diagnose nerve injuries in the upper extremity is to test three functions of each 
nerve: extrinsic motor function, intrinsic motor function, and sensibility in autonomous areas (Table 135-3).

23. What is a Martin-Gruber communication or Martin-Gruber anastomosis? Why is it 
important in nerve injuries of the hand?
Martin (1763) and, much later, Gruber (1870) described a crossover of median nerve fibers to the ulnar nerve. The 
incidence ranges from 5% to 34% in cadaveric studies and as high as 57% in electrophysiologic examinations. 
Anatomically, the crossing fibers come from the anterior interosseous nerve or from the median nerve to join the ulnar 
nerve in the proximal forearm. By electrophysiologic recording, the Martin-Gruber communication is classified into three 
groups: the crossing median fibers can supply the hypothenar muscles (type I); the first dorsal interosseus muscle (type 

Table 135-2. Selection of Operative Procedure

SURGERY
ENDS WILL 
APPROXIMATE

VASCULARIZED 
BED

GRAFT 
POSSIBLE

PROXIMAL 
PORTION 
INTACT

DISTAL 
PORTION 
INTACT

Primary repair Yes Yes - Yes Yes

Nerve graft No Yes Yes Yes Yes

Conduit No Yes Yes Yes Yes

Vascularized 
nerve graft No No Yes* Yes Yes

Nerve transfer No No No No Yes

*Usually reserved for longer distances (>10 cm).

Table 135-3. Clinical Tests for Nerve Function

FUNCTION RADIAL NERVE MEDIAN NERVE ULNAR NERVE

Extrinsic motor Wrist extension Profundus index finger Profundus small finger

Intrinsic motor None Abductor pollicis brevis First dorsal interosseous

Sensory Dorsal first web space Pulp of index finger Pulp of small finger
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II), which is the most common; or the thenar muscles (type III). Intrinsic muscles that are normally innervated by the 
ulnar nerve may be innervated by the median nerve, or intrinsic muscles normally supplied by the median nerve may 
still receive median nerve innervation but via the median to ulnar nerve crossover. This variation requires an additional 
crossover in the palm from the ulnar nerve to the thenar musculature.

Martin-Gruber anastomoses are important in understanding certain clinical patterns in high injury to the ulnar nerve. 
For example, a complete injury to the ulnar nerve, if it occurs above a Martin-Gruber anastomosis, may present with 
numbness in the ulnar nerve distribution of the hand but intact function of hand intrinsic muscles.

24. What other anomalous motor nerve connections exist in the upper extremity?
 • Riche-Cannieu Anastomosis: In 1897, Riche and Cannieu independently described the ulnar motor nerve to median 
nerve communication in the hand. Up to 77% of cadaver studies show this variation exists.

 • Marinacci Communication: From 5% to 17% percent of patients have a reverse Martin-Gruber communication or 
Marinacci communication in which ulnar nerve fibers cross over to the median nerve.

CONTROVERSIES

25. Does end-to-side neurorrhaphy work?
Sometimes. Animal studies show effective muscle reinnervation using end-to-end or end-to-side repair. Retrograde 
staining for sensory fibers shows small amounts of stain pick up at the level of the dorsal root ganglion of the intact nerve. 
However, when retrograde tracers are used in motor nerves with end-to-side repair, no evidence of tracer at the level 
of the anterior horn cells has been found. Therefore, provision of motor function with this approach cannot be expected. 
Clinically, results have been inconsistent. In facial paralysis, hemi-hypoglossal nerve transfer, or brachial plexus injury 
such as a spinal accessory to supra scapular nerve transfer, motor end-to-side neurorrhaphies are performed. A crush 
proximal to the epineurotomy, or invasion into the perineurium, is thought to increase axonal sprouting. Less controversial 
is the use of end-to-side neurorrhaphy for sensory nerve transfers to achieve protective sensation.

26. Are all nerve grafts the same?
The sural nerve, a sensory nerve, is the most commonly used nerve graft. Other common nerve grafts include medial 
and lateral antebrachial cutaneous nerves, the distal sensory end of the posterior interosseous nerve, and the dorsal 
radial sensory nerve. Some experimental studies show that sensory nerves are inhibitory to motor nerve growth, 
thus leading to the belief that sensory nerve grafts are suboptimal to repair gaps in motor and mix nerve injuries. 
Experimental studies comparing motor, mixed, and sensory nerve grafts support the idea that motor or mixed nerve 
grafts achieve better regeneration across the repair when a pure motor or mixed nerve is used.
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Nerve CompressioN syNdromes

 1. Which nerve compression syndromes affect the upper extremity?
 • Carpal tunnel syndrome (compression of the median nerve at the wrist)
 • Brachial plexus compression in the thoracic inlet (“thoracic outlet syndrome”)
 • Quadrilateral space syndrome (entrapment of the axillary nerve)
 • Cubital tunnel syndrome (compression of the ulnar nerve at the elbow)
 • Pronator syndrome (proximal median nerve compression)
 • Anterior interosseous nerve syndrome (proximal median nerve compression)
 • Radial tunnel syndrome (radial nerve compression at the elbow)
 • Cheiralgia paresthetica (radial sensory nerve compression in the forearm)
 • Compression of the lateral antebrachial cutaneous nerve at the elbow
 • Compression of the palmar cutaneous branch of median nerve at the wrist
 • Guyon’s canal syndrome (compression of the ulnar nerve at the wrist)

 2. What area of sensibility is abnormal with pronator syndrome but not with carpal 
tunnel syndrome?
The thenar eminence. The palmar cutaneous branch of the median nerve arises 5 to 7 cm proximal to the carpal 
tunnel and, therefore, is not compressed with the median nerve in the carpal tunnel. Compression of the proximal 
median nerve will give decreased sensibility in the thenar eminence, which can be identified by neurosensory 
testing. Traditional electrodiagnostic testing rarely identifies proximal median nerve compression unless the anterior 
interosseous nerve is involved, and then the profundus to the index finger and the flexor pollicis longus may show 
electromyographic changes.

 3. What surgical technique used to treat cubital tunnel syndrome has been 
demonstrated to reduce intraneural pressure in the ulnar nerve in all degrees  
of elbow flexion and has the lowest published recurrence rate?
A cadaver study comparing in situ decompression, subcutaneous anterior transposition, medial epicondylectomy, 
intramuscular anterior transposition, and submuscular transposition of the ulnar nerve by the musculofascial 
lengthening technique demonstrated that only the musculofascial lengthening technique decreased intraneural  
pressure along the ulnar nerve and at all degrees of elbow flexion. Long-term results (mean 4.5 years) demonstrated  
an approximately 1% recurrence rate with this technique.

 4. What is the common name given to brachial plexus compression in the thoracic 
inlet? How can you make the diagnosis?
The thoracic outlet is the diaphragm, but, nevertheless, “thoracic outlet syndrome” has come to indicate problems with the 
subclavian artery and/or vein between the clavicle and the first rib and the anterior scalene muscle, and compression of 
the brachial plexus by congenital bands, a cervical rib, or posttraumatic in origin. The brachial plexus is actually between 
the second rib and the clavicle, and the pressure is most often caused by adherence of the anterior scalene and the 
anomalous structures to the plexus. Traditional electrodiagnosis cannot help here because the actual distances involved 
between the spinal cord and the site of compression and the variability of the thickness of the thoracic wall confound 
the measurements. Provocative neurosensory testing, using the index pulp to represent the upper trunk and the little 
finger pulp to represent the lower trunk, can identify and stage the degree of brachial plexus compression.

 5. How do you distinguish de Quervain’s tenosynovitis from radial sensory nerve 
compression?
The Finkelstein test (pain with ulnar deviation of the wrist when the thumb is adducted and flexed) is positive for both 
conditions. Pain with resisted thumb extension and abduction, when the wrist is motionless, is present with tendonitis of 
the first dorsal extensor compartment but absent with nerve compression. Tenderness over the radial styloid is present 
with tendonitis but not with nerve compression. Decreased sensation to touch and a positive Tinel’s sign are present 
with radial sensory nerve compression but not with tendonitis. Tinel’s sign is located where the radial sensory nerve 
exits from beneath the brachioradialis muscle.
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 6. How do you distinguish tennis elbow from radial tunnel syndrome?
Tennis elbow may be due to stretch/traction/inflammation of the extensors of the wrist and the fingers at their origin 
from the lateral humeral epicondyle. Swelling and tenderness are found directly over the lateral humeral epicondyle. 
Pain with resisted radial wrist extension or resisted extension of all fingers suggests tennis elbow (lateral humeral 
epicondylitis). Tenderness to palpation approximately 1 cm anterior or volar to the lateral humeral epicondyle suggests 
radial nerve compression in the radial tunnel. The radial nerve may become compressed by the fibrous edge of the 
extensor carpi radialis, which inserts into the base of the third metacarpal. Pain referred to the elbow region with 
resisted middle finger extension is a sign of radial tunnel syndrome. The counterforce brace worn around the forearm 
to treat tennis elbow can be a cause of radial tunnel syndrome so that both clinical conditions can exist in the same 
patient.

 7. What are the earliest physical findings of chronic peripheral nerve compression?
Patients with reversible ischemic changes have symptoms without signs. With increasing duration of chronic 
compression, the large myelinated nerve fibers begin to change by demyelination. These fibers are related to motor 
function and perception touch/vibration. Manual muscle testing detects weakness, and pinch and grip strength can be 
measured directly. The qualitatively altered perception of vibration can be evaluated with a tuning fork applied to the 
target territory of the peripheral nerve, but recall that this stimulus is a wave and for the thumb will stimulate both the 
radial sensory and the median nerve. The best neurosensory test is evaluation of the cutaneous pressure threshold, 
which can identify that the pressure to discriminate one from two static stimuli is elevated while the distance between 
the two points is still normal.

 8. Describe the pathophysiology of chronic nerve compression.
 • Intraneural edema occurs first, before any symptoms appear.
 • Increased intraneural pressure causes relative ischemia.
 • Neural ischemia causes paresthesia.
 • After 6 months of chronic compression, demyelination begins.
 • The earliest physical findings will be a positive Tinel’s sign at the site of compression.
 • The next physical finding will be an increased cutaneous pressure threshold with a normal static two-point 
discrimination distance.

 • With sufficient demyelination of axons, electrodiagnostic testing will demonstrate increased distal latency.
 • After approximately 1 year of chronic compression, axonal loss begins.
 • The physical finding related to axonal loss is a decrease in static two-point discrimination.
 • With sufficient loss of axons, the amplitude of the electrical response decreases.
 • For the motor nerve, weakness precedes atrophy.
 • Weakness is to pressure threshold what abnormal two-point discrimination is to atrophy, when the sensory nerve is 
compared with the motor nerve.

 9. Which nerve compression syndromes affect the lower extremity?
 • Meralgia paresthetica (compression of the lateral femoral cutaneous nerve at the hip)
 • Piriformis syndrome (compression of the sciatic nerve at the hip)
 • Obturator syndrome (compression of the obturator nerve at the obturator foramen)
 • Femoral nerve compression syndrome (compression at the inguinal ligament)
 • Adductor canal syndrome (compression of the saphenous nerve in the mid-thigh)
 • Fibular tunnel syndrome (compression of the common peroneal nerve at the fibular neck)
 • Exertional compartment syndrome (compression of the superficial peroneal nerve in the distal third of the leg)
 • Anterior tarsal tunnel syndrome (compression of the deep peroneal nerve over the anterior ankle)
 • Entrapment of the deep peroneal nerve (compression by the extensor hallucis brevis tendon at the junction of the  
first metatarsal and cuneiform bones)

 • Tarsal tunnel syndrome (entrapment of the tibial nerve in the tarsal tunnel, the medial plantar nerve in the 
medial plantar tunnel, the lateral plantar nerve in the lateral plantar tunnel, and the calcaneal nerve in the 
calcaneal tunnel)

 10. What are the analogous peripheral nerves that become entrapped at the wrist 
compared with at the ankle (carpal tunnel vs tarsal tunnel)?
When the tarsal tunnel syndrome was described in 1962, it was the concept that the posterior tibial nerve was 
compressed by the flexor retinaculum that went from the medial malleolus to the calcaneus, similar to the compression 
of the median nerve by the transverse carpal tunnel ligament. This analogy is fallacious. The tarsal tunnel is analogous 
to the forearm, and the flexor retinaculum (laciniate ligament) is analogous to the antebrachial fascia. The medial plantar 
nerve in the medial plantar tunnel is analogous to the median nerve in the carpal tunnel. The lateral plantar nerve in 
the lateral plantar tunnel is analogous to the ulnar nerve in Guyon’s canal. The medial calcaneal nerve in the calcaneal 
tunnel is analogous to the palmar cutaneous branch of the median nerve in its own tunnel alongside the flexor carpi 
radialis tendon.
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 11. Is Morton’s neuroma a true neuroma?
This relatively common condition, a painful condition of the fourth toe, was described in 1875 by Morton, who thought 
it was related to the metatarsophalangeal joint. Yet he resected the joint and, in one patient, amputated the fourth toe 
along with the interdigital nerve. Subsequently, the condition was termed a “neuroma” despite the fact that light and 
electron microscopy documented chronic nerve compression. Compression of the interdigital nerve by the ligament 
joining the metatarsal heads is appropriately treated by neurolysis, not nerve resection. Recurrence of pain after 
resection of a “Morton’s neuroma” is due to a true neuroma.

 12. Describe the sequence of recovery of sensory touch submodalities.
 • After a nerve repair, or after decompression of a peripheral nerve, the first perceptions to recover are those of the 
small myelinated and nonmyelinated fibers—pain and temperature perception.

 • The large myelinated nerve fibers related to touch/pressure perception then recover in the following sequence:
 • Perception of one-point moving touch and low-frequency vibration (Meissner corpuscles)
 • Perception of one-point static touch (Merkel cell–neurite complex)
 • Perception of high-frequency vibration (pacinian corpuscle)
 • Perception of two-point moving touch
 • Perception of two-point static touch

 13. What are the structures that must be released when treating the fibular canal 
syndrome (compression of the common peroneal nerve at the knee)?
The common peroneal nerve does not have a known site of compression proximal to the knee. As the common peroneal 
nerve approaches the fibular neck, it divides into the deep and superficial peroneal nerves, increasing its amount 
of connective tissue. At this juncture, the fascia of the peroneus longus muscle, which lies superficial to the nerve, 
is the first site to decompress. When this muscle is retracted, as in 80% of patients, a deep fascia to the muscle is 
observed to cause direct compression of the nerve. After dividing this fascia, the common peroneal nerve is elevated 
to determine if deep to it there is thickened fascia of the lateral gastrocnemius muscle to divide. Finally, the opening 
into the compartments of the leg is checked because there can be a high origin to the soleus muscle that narrows 
this entranceway. The immediate innervation of the overlying muscles within the fibular tunnel limits excursion of the 
peroneal nerve, making it susceptible to compression and stretch/traction.

14. What is the most common nerve compression occurring in the face?
The infraorbital nerve exits from the infraorbital foramen. This nerve is at risk in orbital floor fractures, in fractures of 
the zygoma, and during cosmetic surgery, such as malar augmentation with implants. Symptoms include numbness, 
paresthesias, and pain in the upper lip and cheek. This branch of the trigeminal nerve can be directly measured to 
determine its degree of entrapment by neurosensory testing. Treatment by neurolysis is theoretically possible.

15. Which nerve compressions masquerade as “failed carpal tunnel syndrome 
decompression”?
Carpal tunnel syndrome symptoms are numbness and tingling in the thumb, index, and middle fingers. Following  
carpal tunnel decompression, the patient may return to the surgeon complaining of these same symptoms in the thumb 
and index finger. The differential diagnosis of “failed carpal tunnel syndrome decompression” must include failure of 
the first surgery to achieve complete nerve release. However, compression of the radial sensory nerve in the forearm, 
proximal median nerve compression in the forearm (pronator syndrome), or a C6 nerve root entrapment (radiculopathy) 
can cause these same symptoms.

16. What causes “meralgia paresthetica”?
Compression of the lateral femoral cutaneous nerve at the hip was termed “meralgia paresthetica” in 1874 by Roth.  
This syndrome was recognized more commonly when women wore girdles. Anatomy books demonstrate this nerve, which 
originates from L1 and L2, to be located deep to the inguinal ligament, but at surgery it is most commonly identified within 
the inguinal ligament, adjacent to the anterior superior iliac crest. It is in this location in more than one third of cadavers. 
Today, this compression is seen after harvesting bone from the iliac crest, after seat belt injuries, and after abdominal 
surgery that tightens the abdominal wall; it can be associated with wearing a heavy tool belt. Treatment is a neurolysis of 
this nerve, extending proximally to release the nerve in the internal oblique fascia and distally into the thigh.

17. Where is the nerve entrapment site that causes scapular winging?
Winging of the scapula is known to occur after injury to the long thoracic nerve, which innervates the serratus 
anterior muscle. Although other shoulder girdle muscles can cause imbalance of the scapula, the classic winging is 
due to a problem with the long thoracic nerve. Entrapment of this nerve between the posterior and medial scalene 
muscles has been demonstrated to occur after blunt shoulder/neck trauma or stretch/traction injury to the brachial 
plexus. After anterior scalenectomy, a neurolysis posterior the upper trunk of the plexus, within the posterior and 
medial scalene muscles, will identify the long thoracic nerve adherent within the muscles. Neurolysis at this location 
is effective.
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18. Describe some of the limitations to classic electrodiagnostic testing.
Electrodiagnostic testing includes both nerve conduction studies and electromyography. These studies are done by 
neurologists and physiatrists and require the patient to endure a usually painful electrical investigation of combinations 
of various peripheral nerves and muscles to arrive at a diagnosis for the patient’s complaints. Often described as the 
“gold standard” because it is objective, electrodiagnosis is limited by low sensitivity, high cost, inability to test certain 
critical nerves, and failure of patients to have repeated testing for clinical follow-up. The testing evaluates only the 
faster conducting nerve fibers, and sufficient numbers of these may not undergo either demyelination or axonal loss to 
document a positive test until far along in the patient’s symptomatology.

Because a decompressed or regenerating peripheral nerve does not remyelinate normally, these traditional tests may 
always show abnormalities postoperatively. Where the testing is best, for the median nerve at the carpal tunnel, meta-
analysis demonstrates a false-negative rate of 33%. At the elbow this probably is 50% for the cubital tunnel. It is almost 
never positive for pronator syndrome, radial sensory nerve entrapment. It is impossible to determine entrapment of the 
brachial plexus except for the rare isolated entrapment of the lower trunk. The testing is even less successful in the 
lower extremity, where it cannot detect problems with the distal deep peroneal nerve or the calcaneal nerve. The false-
negative rate for the tarsal tunnel is approximately 50%.

19. What is the difference between neuropathy and nerve compression?
Nerve compression, which is sometimes called a mononeuropathy, is a problem affecting a single peripheral nerve. 
Neuropathy implies a systemic problem with bilateral distribution of symptoms, usually occurring in the feet and legs 
first and then, in some forms of neuropathy, in the hands. A patient with a neuropathy may be susceptible to chronic 
nerve compression. For example, in diabetic neuropathy, a diffuse, distal, sensorimotor neuropathy with axonal loss, 
approximately one third of patients also have a chronic nerve compression. Electrodiagnosis cannot identify the patient 
with superimposed nerve compression in the presence of a peripheral neuropathy. The surgeon must rely on physical 
examination techniques, such as Tinel’s sign.

20. Can the arcade of Struthers cause compression of the ulnar nerve?
There is no arcade described by Struthers. Struthers described a ligament arising from a supracondylar bone spur that 
compresses the median nerve proximal to the elbow. The radial artery may accompany the median nerve through this 
site of compression. This ligament is very rare. The ulnar nerve proximal to the cubital tunnel can fail to improve or 
can recur in compression due to failure to divide the brachial fascia, from the medial head of the triceps to the medial 
intermuscular septum, at a sufficiently proximal level. This region can look like a ligament. Also, a portion of the medial 
head of the triceps can arise from the medial intermuscular septum in this location.

 21. Can decompression of peripheral nerves in the patient with diabetic neuropathy 
relieve pain, restore sensation, and prevent ulcer/amputation?
Yes. In 1988, a new optimism was suggested for patients with symptoms of diabetic neuropathy based on the 
hypothesis that the increased endoneurial edema from conversion of glucose to sorbitol would make the peripheral 
nerve susceptible to chronic compression. In a series of basic science studies, this was demonstrated in the 
streptozotocin-induced diabetic rat model. The first clinical series of patients to have decompression of multiple 
peripheral nerves was published in 1992. These results have been duplicated in many prospective cohort studies. 
A randomized prospective study has not been done yet. However, long-term outcomes in terms of ulcer and 
amputation have demonstrated that the natural history of diabetic neuropathy can be changed by this approach, 
and that the presence of a positive Tinel’s sign over the site of known anatomic narrowing has a positive predictive 
value of 90%.

22. What are the cutaneous nerves that can contribute to a painful incision after 
decompression of the four medial ankle tunnels (tarsal tunnel surgery)?
Just as the palmar cutaneous branch of the median nerve can cause a painful carpal tunnel scar, the posterior branch of 
the distal saphenous nerve innervates the proximal portion of the tarsal tunnel incision, and the medial calcaneal nerve 
arising from the medial plantar nerve can cause a painful distal portion of the incision.

23. What nerve compression is associated with chemotherapy-induced neuropathy from 
cisplatin or taxol?
These active chemotherapeutic agents bind to tubulin in the axoplasm and decrease the slow component of 
axoplasmic transport, rendering the peripheral nerves susceptible to chronic nerve compression, similar to that 
found in diabetic neuropathy. In a rat model of chemotherapy-induced neuropathy with cisplatin, tarsal tunnel 
decompression restored the neuropathic walking track pattern to normal. This concept has now been applied to a 
small series of patients who obtained relief from decompression of upper and lower extremity nerve entrapments, 
including the median and ulnar nerves, the common peroneal nerve, and the tibial nerve and its branches in the four 
medial ankle tunnels.
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24. After nerve decompression surgery, how long should the patient be immobilized?
During the first week after surgery, collagen is not being produced in the wound. The fibrin that is in the wound will not 
cause permanent fibrosis of the nerve. However, from postoperative days 7 through 21, collagen is produced and will 
begin cross-linking. Therefore, for patient comfort, the wound can be splinted for the first week; thereafter, it is critical 
that the nerve be permitted unrestricted gliding through the entire operative area, or fibrosis of the nerve will occur, and 
the decompression surgery or neurolysis will fail. This has been proven in an ulnar nerve/nonhuman primate model.

For carpal tunnel decompression, the wrist is splinted in neutral for 1 week, but full range of motion of the fingers 
permits median nerve movement within the carpal canal. After ulnar nerve transposition, the patient is permitted full 
range of motion of the elbow immediately after surgery, which is possible if the musculofascial lengthening technique 
is used. After tarsal tunnel decompression, the patient is permitted immediate full weight-bearing in a modified Robert 
Jones bulky supportive ankle dressing.
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137Brachial Plexus

 1. Which nerve roots supply the brachial plexus?
The brachial plexus is most frequently supplied by the fifth through eighth cervical (C) and first thoracic (T) nerve roots 
(Fig. 137-1).

 2. What is a prefixed plexus? A postfixed plexus?
A prefixed plexus has a contribution from the fourth cervical nerve root. A postfixed plexus has a contribution from the 
second thoracic nerve root.

 3. Which nerves form the trunks of the brachial plexus?
Most frequently, the upper trunk is formed by the C5 and C6 nerve roots, the middle trunk is formed by the C7 nerve 
root, and the lower trunk is formed by the C8 and T1 nerve roots.

 4. Which nerves form the cords of the brachial plexus?
The cords are named in relation to the axillary artery and form as each trunk divides into an anterior and a posterior 
division. The anterior divisions of the upper and middle trunks unite to form the lateral cord, the anterior division of the 
lower trunk forms the medial cord, and the posterior divisions of the three trunks form the posterior cord.

 5. How are the peripheral nerves formed in the brachial plexus?
The musculocutaneous nerve arises from the lateral cord and the ulnar nerve from the medial cord. The median nerve is 
formed by contributions from the medial and lateral cords. The radial, axillary, and thoracodorsal nerves arise from the 
posterior cord.
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 6. Where are lateral and medial pectoral nerves found in relation to each other?  
What is the clinical significance?
The pectoral nerves are named in reference to their cord of origin from the brachial plexus. The medial pectoral nerve 
arises from the medial cord, whereas the lateral pectoral nerve arises from the lateral cord. Anatomically, the medial 
pectoral nerve lies lateral to the lateral pectoral nerve on the chest wall. The sternocostal head of the pectoralis major is 
innervated by both the medial and lateral pectoral nerves. This redundant innervation makes the medial pectoral nerve 
an excellent choice for a donor nerve during a nerve transfer.

 7. What is the common mechanism of closed brachial plexus injury in adults?
Three basic mechanisms of injury may occur alone or in combination: traction, crush, and compression. Downward 
(caudal) traction to the shoulder usually causes upper trunk injuries. Traction to the abducted arm (cephalad) causes 
lower trunk injuries, and front-to-back force applied to the shoulder has been associated with an isolated C7 injury. 
Anterior dislocation of the shoulder and proximal humerus fracture have been associated with suprascapular and 
axillary nerve injury. Crush injuries usually result in a direct trauma as the plexus passes in the costoclavicular space 
between the clavicle and the first rib. Compression may result from surrounding soft tissue edema, bone fragments, 
hematoma, and pseudoaneurysms. The majority (approximately 90%) of plexus injuries occur in young male patients. 
Approximately 75% of all injuries result from motorcycle accidents, and 15% of plexus injuries will be associated with 
multiple trauma and shock.

 8. What is the best method to determine the level and severity of a brachial plexus 
injury?
Although electrodiagnostic (nerve conduction studies [NCS], electromyography [EMG]) and radiographic studies (cervical 
spine and chest x-ray, computed tomographic [CT] myelogram, magnetic resonance imaging [MRI] and angiography) all 
are useful adjuncts, the best diagnostic tool is a thorough history and physical examination. A detailed history includes 
a description of the mechanism and the force involved as well as associated injuries. This will allow a focused and 
detailed physical examination that will both localize the injury and determine which muscle groups are spared and can 
be used as donor nerves for subsequent nerve transfers. Table 137-1 lists information useful in localizing the injury.

 9. What are the common clinical patterns of closed brachial plexus injury in adults?
Proximal injuries of the brachial plexus are termed supraclavicular injuries, and distal injuries are termed infraclavicular 
injuries. The most common patterns of supraclavicular injury are Erb’s palsy and whole plexus injury. Erb’s palsy 
involves damage to the C5 and C6 nerve roots. Supraspinatus, infraspinatus (suprascapular nerve), deltoid (axillary 
nerve), brachialis, and biceps (musculocutaneous nerve) function is lost. Clinically the arm is internally rotated and 
adducted, and the elbow is extended in the “waiter’s tip” position. The C7 nerve root also may be damaged, causing loss 
or weakness of elbow, wrist, and finger extension. The whole plexus injury causes complete or nearly-complete loss of 
arm function (flail arm). Isolated involvement of the C8 and T1 nerve roots (Klumpke’s paralysis) is extremely uncommon 
and shows loss of hand function with sparing of the elbow and shoulder. Infraclavicular injuries commonly show loss of 
shoulder abduction and flexion but also may be associated with loss of hand, wrist, and elbow function.

 10. What are the indications for an arteriogram after an injury to the brachial plexus?
 • Advanced Trauma Life Support (ATLS) protocol indications on trauma evaluation including widened mediastinum, 
scapular fracture, and first rib fracture

 • Penetrating trauma to the region of the brachial plexus
 • Abnormal pulses associated with blunt or penetrating trauma
 • Normal initial examination followed by subsequent brachial plexus neurologic deficit that may be due to an expanding 
hematoma.

The risk of arterial injury after brachial plexus injury is 10%, and some authors recommend arteriography for all brachial 
plexus injuries.

 11. What is the significance of a preganglionic and postganglionic lesion of the brachial 
plexus? What findings suggest a preganglionic lesion?
A preganglionic lesion of the nerve root is within the intervertebral foramen proximal to the sensory root ganglion and 
is also termed a root avulsion. A postganglionic lesion is distal to the sensory root ganglion. Preganglionic lesions 
are not reconstructable by nerve graft, and regeneration is not possible. A postganglionic lesion can be grafted and 
has regenerative potential. During electrodiagnostic evaluation, the findings on nerve conduction studies are useful 
in determining the pattern of injury. As the motor ganglion is within the substance of the ventral horn, the compound 
motor action potentials (CMAPs) will be blunted in both types of lesions and motor function will be absent. As the 
dorsal root ganglion is peripheral to the spinal column, the cell body is preserved and the sensory axons will not 
undergo wallerian degeneration. Sensory nerve action potentials (SNAPs) will be preserved, whereas sensation is 
diminished or absent.
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 12. What is the histamine triple response?
Histamine is injected into the skin, and the triple response is vasodilation followed by a wheal and flair. The response 
is an axonal reflex involving the sympathetic ganglion and dorsal root ganglion. Skin denervation with an intact triple 
response implies a preganglionic lesion.

 13. What findings are associated with root avulsions? What is the significance  
of a root avulsion?
Horner syndrome consists of ipsilateral ptosis (drooping eyelid), miosis (small pupil), enopthalmos (sunken eyeball), 
and anhidrosis (absence of sweat secretion) of the affected side of the face. The presence of Horner syndrome implies 
interruption of the sympathetic fibers to the face that arise in the cervicothoracic ganglion. This interruption is due to a 
proximal lesion to the C8 and T1 roots that frequently is preganglionic, implying a root avulsion. Denervation of the serratus 
or rhomboids, an intact histamine response, paralysis of the hemidiaphragm (phrenic nerve C 3,4,5), and absence of any 
recovery in the distribution of a nerve root may imply a root avulsion. Transverse process fractures of the cervical spine may 

Table 137-1. Localizing a Brachial Plexus Injury

MUSCLE NERVE ROOTS PLEXUS ORIGIN ACTIONS

Trapezius Spinal accessory CN XI, C3,4 Cranial nerve, 
roots

Elevate, adduct, depress 
scapula

Rhomboids Dorsal scapular C4,5 Roots Retract, stabilize, depress 
scapula

Serratus anterior Long thoracic C5,6,7 Roots Protract, stabilize scapula

Supraspinatus Suprascapular C5, C6 Superior trunk Humerus abduction

Infraspinatus Suprascapular C5, C6 Superior trunk External rotation of 
humerus

Pectoralis major 
(clavicular  
head)

Lateral pectoral C5, C6 Lateral cord Transverse flexion/
adduction of humerus

Pectoralis major 
(sternocostal 
head)

Medial, lateral 
pectoral

C6, C7, C8 Lateral and 
medial cords

Adduct, internally rotate 
humerus

Teres major Subscapular C5, C6, C7 Posterior cord Adduct, extend, internally 
rotate humerus

Latissimus dorsi Thoracodorsal C6, C7, C8 Posterior cord Adduct, extend, internally 
rotate humerus

Deltoid Axillary C5, C6 Terminal branch Abduct, flex, externally 
rotate humerus

Biceps brachii Musculocutaneous C5, C6 Terminal branch Flex elbow, supinate 
forearm

Triceps brachii Radial C6, C7, C8 Terminal branch Extend, adduct shoulder, 
flex elbow

Brachioradialis Radial C5, C6 Terminal branch Flex elbow

Extensor pollicis 
longus

Posterior 
interosseous

C7, C8 Terminal branch 
(radial nerve)

Extend thumb 
interphalangeal

Flexor carpi 
ulnaris

Ulnar C7, C8, T1 Terminal branch Flex wrist

Flexor digitorum 
profundus 
(ulnar)

Ulnar C7, C8 Terminal branch Flex distal interphalangeal 
(ulnar digits)

Adductor 
pollicis

Ulnar C8, T1 Terminal branch Adduct thumb at 
carpometacarpal

Flexor carpi 
radialis

Median C6, C7 Terminal branch Flex wrist

Flexor digitorum 
superficialis

Median C7, C8, T1 Terminal branch Flex proximal 
interphalangeal

Abductor 
pollicis brevis

Median C8, T1 Terminal branch Abduct thumb 
(perpendicular to palm)

Flexor pollicis 
longus

Anterior 
interosseus

C7, C8 Terminal branch 
(median nerve)

Flex thumb interphalangeal
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be seen on x-ray and may be useful in localizing the level of root avulsion. Traumatic meningocoeles on CT myelogram and 
proximal nerve lesions on MRI suggest a preganglionic lesion. Root avulsions will not recover spontaneously and are not 
reconstructable with nerve grafts. Nerve transfers can be used to reconstruct the resulting deficit.

 14. What are the goals of brachial plexus reconstruction?
It is mandatory to establish realistic expectations in brachial plexus surgery because the reconstructive goals are 
modest at best. The goals of reconstruction are restoration of the following (in order of priority):

 • Elbow flexion
 • Shoulder abduction
 • Hand sensibility
 • Wrist extension, finger flexion
 • Wrist flexion, finger extension
 • Intrinsic hand function

15. What techniques are used in reconstruction of the brachial plexus? What are some  
of the limitations of each?
The brachial plexus can be reconstructed using a number of techniques, either alone or in combination.

Nerve transfers from adjacent, intact nerves can be used to restore function to nerves that are of higher priority, with 
limited to no loss of function in the donor nerve. The dominant fascicle to a muscle is localized, sparing the secondary 
fascicles. The nerve is transferred as close to the recipent motor end plate as possible, significantly shortening the time 
to recovery. Donor nerves should be adjacent to the recipient, redundant and preferably synergistic. Common transfers 
include flexor carpi ulnaris to musculocutaneous nerve to biceps (Oberlin), distal or end-to-side spinal accessory to 
suprascapular nerve, and radial nerve long head of triceps branch to axillary nerve. More remote donor nerves can be 
used with nerve grafts, but axons may be lost (“drop out”) in the grafting process. Direct repair is rarely possible but can 
be used. However, distal recovery may be delayed or absent as the axons must regenerate proximal to the level of injury 
at a rate of 1 inch/month or 1 mm/day.

Neurotized free muscle transfers can be used to reconstruct distal muscle groups following nerve regeneration through 
a donor nerve, but the process must be staged. Excision of the injured segment and reconstruction with cable grafts is a 
time-honored technique, but the dissection through scarred tissue often is difficult, tedious, and time consuming. There 
are also a limited number of nerves that can be used as graft material. Excision and cable grafting are further limited as 
distal recovery is poor and the technique may downgrade function by sacrificing intact nerves.

Shoulder fusion may be useful as an adjunct because 70° of abduction may be obtained from scapulothoracic motion. 
Donor nerve availability may be increased using this technique, but it requires intact scapular stabilizers.

 16. What nerves can be used as donor nerves for nerve grafting?
The most commonly used and “gold standard” donor is the sural nerve from the lateral and posterior calf, which may provide 
25 to 30 cm of graft. The medial antebrachial cutaneous nerve in the medial upper arm may provide an addition 15 to 20 cm 
of graft material. The sensory nerve to the third web space, which is located on the ulnarmost portion of the median nerve, 
and the sensory component of the radial nerve also serve as potential expendable donor nerves when needed.

 17. What are the degrees of nerve injury? Why are they significant in brachial plexus 
reconstruction?
Seddon and Sunderland both described nerve injuries. Seddon’s initial description described neuropraxia, axonotmesis, 
and neurotmesis, and Sunderland expanded this classification into five degrees of nerve injury.

A first-degree injury (neuropraxia) is a demyelination injury resulting in a temporary block at the site of the nerve injury. 
Recovery is spontaneous and complete in a matter of weeks to months once remyelination occurs. There is no Tinel’s 
sign as axonal regeneration does not occur and electrodiagnostic studies are normal.

A second-degree injury (axonotmesis) is a nerve fiber injury in which the distal fibers undergo wallerian degeneration, 
but the endoneurial tubes remain open and in continuity. Recovery is complete, occurs at a rate of 1 mm/day, and may 
be followed by an advancing Tinel’s sign.

A third-degree injury also undergoes wallerian degeneration distally, but the endoneurial tubes are scarred. Recovery is 
slow and variable.
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A fourth-degree injury will not recover because the endoneurial tubes are completely blocked by scar and must be 
surgically reconstructed.

A fifth-degree injury (neurotmesis) is the transection of a nerve trunk, and surgical repair is indicated.

Mackinnon introduced a sixth-degree injury, which is a combination of the five degrees of injury. Intervention is dictated 
by the deficits that are present, and recovery is variable.

 18. Describe the optimal timing of exploration of an adult traction injury of the  
brachial plexus.
After injury, a motor nerve may continue to be stimulated intraoperatively for up to 72 hours until the neurotransmitters 
are depleted. The neurotransmitters are completely depleted by 1 week. Wallerian degeneration of the distal nerve 
segment occurs over the next 3 to 6 weeks. Electrodiagnostic findings are not synchronous with nerve injury. CMAP 
nadir occurs at 7 days, and the SNAP nadir is seen after approximately 11 days. Fibrillations, which are markers 
of motor nerve injury, are seen on EMG after 3 to 5 weeks, so the inital EMG in a closed brachial plexus should be 
performed during the sixth week after injury.

Markers of recovery include volitional motor unit action potentials, and expectant management and observation 
are indicated because recovery is expected to a certain degree. If no recovery is seen after 12 weeks, intervention 
and reconstruction are indicated. If a root injury is suspected, CT myelogram is used for confirmation and 
early intervention is indicated because no recovery is expected. Timing of reconstruction is crucial. Premature 
intervention may downgrade the function of a nerve that may have recovered spontaneously. Late intervention may 
lead to successful reinnervation of a functionless muscle. Muscle atrophy begins within 1 week after denervation, 
and progressive interstitial fibrosis occurs after 3 months. At 18 to 24 months, the motor endplates deteriorate 
and there is no functional recovery. A guide to functional motor recovery is Mackinnon’s “rule of 18,” which notes 
the sum of the distance from the injury to the target muscle in inches and the time elapsed in months cannot 
exceed 18. As with any injury, passive range of motion must be maintained with physical therapy while recovery is 
progressing.

 19. What causes obstetric palsy?
Obstetric palsy is believed to be due to a traumatic lesion at birth and occurs in 1:10,000 births. The injury is 
175 times more common in breech delivery. Two situations may predispose to obstetric palsy. Large infants with 
cephalic presentation and shoulder dystocia are at risk during delivery, as are small infants born with a breech 
presentation. Obstetric palsy may occur after a seemingly normal delivery and has been documented even after a 
cesarean section.

 20. What are the indications and timing for exploration of obstetric palsy?
The absence of any return of biceps or deltoid function by 3 months of age is a strong indication for brachial plexus 
exploration. Other criteria include the absence of elbow flexion/extension, wrist extension, or thumb/finger extension by 
9 months of age. Most surgeons recommend exploration before 6 to 9 months of age.

 21. What symptoms are associated with thoracic outlet syndrome?
Neurologic symptoms are most commonly associated with thoracic outlet syndrome. Burning pain involving the 
shoulder occurs with radiation into the inner arm and the hand, and tingling and numbness of the C8 and T1 nerve root 
distribution, including the ulnar two fingers, are common. Weakness and wasting of the intrinsic hand muscles, including 
the thenar eminence, are less common. Vascular changes of the arm and hand are infrequent but may cause venous 
congestion, cold intolerance, color changes, and cold sensitivity.

 22. What is the anatomy of the thoracic outlet?
The thoracic outlet is a triangular space bounded anteriorly by the scalenus anticus, posteriorly by the scalenus medius, 
and inferiorly by the first rib. The brachial plexus and subclavian artery pass through the outlet.

 23. What is the cause of thoracic outlet syndrome?
Any structure that narrows the thoracic outlet may cause thoracic outlet syndrome. A cervical rib, fibrous bands, 
or a mass effect (tumor) may cause nerve compression. Postural changes such as the military brace position 
or stooped shoulders also may contribute to development of thoracic outlet syndrome. When not associated 
with a structural abnormality, thoracic outlet syndrome may arise from a muscle imbalance from overused and 
foreshortened neck flexors and weakend scapular stabilizers leading to neck flexion and hunched, rolled shoulders 
(the “turtle position”).
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 24. Which physical examination techniques are useful in evaluation of thoracic outlet 
syndrome?
In the Roo’s test, the patient is seated with the arms abducted 90° and the elbows flexed 90°. The patient is asked 
to open and close the hands repeatedly for 3 minutes. The patient with thoracic outlet syndrome experiences an 
exacerbation of symptoms and is unable to complete the test.

During the Adson or scalene maneuver, the patient’s arm is held in abduction and the radial pulse is palpated. The 
patient rotates the head toward the affected side and up to the ceiling and then to the opposite side. Absent or 
diminishing pulses may indicate scalene impingement or the presence of a cervical rib.

The costoclavicular maneuver is performed with the patient’s scapulae adducted and retracted and the chin touching the 
chest while palpating the radial pulse. Changes in the vascular examination may indicate neurovascular compression 
between the clavicle and the first rib and may be due to subclavius or scalene tightness.

During Wright’s test, the patients arm is abducted above the head. A diminishing or absent pulse may indicate 
compression by the coracoid process or the pectoralis minor.

During the traction test, firm traction is applied to the arm for several seconds while the pulse is examined. A diminished 
pulse may indicate the presence of a cervical rib.

 25. What is the treatment of thoracic outlet syndrome?
The initial therapy of thoracic outlet syndrome is conservative, including physical therapy, weight loss when appropriate, 
and avoidance of conditions that exacerbate the condition, such as carrying heavy weights on the shoulder. Therapy 
involves postural exercises that target the muscle imbalance described in Question 23. Stretching of the foreshortened 
muscles including the scalenes, sternocleidomastoids, pectoralis minor, and levator scapulae must precede 
strengthening exercises to prevent exacerbation of symptoms of thoracic outlet syndrome. Once satisfactory length has 
been restored, therapy should proceed with strengthening of the weakened middle and lower trapezius, rhomboids, 
and serratus anterior muscles. Refractory symptoms may be amenable to surgical therapy. The thoracic outlet may be 
decompressed through a supraclavicular or axillary approach. The supraclavicular approach allows release of fibrous 
bands and the scalene muscles. The first rib or a cervical rib, when present, can be excised through either approach.

 26. What is Parsonage Turner syndrome? What is the recommended  
treatment?
Parsonage Turner syndrome is also called neuralgic amyotrophy and acute brachial neuritis. Acute pain involving the 
shoulder with radiation into the arm is the initial symptom, with subsequent partial or complete paralysis of the arm. The 
paralysis is a lower motor neuron type with flaccidity. Surgical intervention is not recommended; most patients regain 
complete function.

Controversies

27. What is the indication for neurolysis of the brachial plexus?
Neurolysis removes scar surrounding intact nerve fibers. Posttraumatic scarring of the brachial plexus can arrest nerve 
regeneration or cause loss of regenerated function. In this setting, neurolysis is indicated to release scar that surrounds 
functioning fascicles and to determine which fascicles are discontinuous and require grafting. Intraoperative nerve 
stimulation may be useful in identifying and protecting intact fascicles.

28. What is the clinical significance of the suprascapular nerve?
The suprascapular nerve innervates the supraspinatus and infraspinatus muscles and is the only root level nerve that 
is amenable to reconstruction. Reconstruction can be accomplished by end-to-end or end-to-side nerve transfer from 
the adjacent spinal accessory nerve. The supraspinatus muscle adducts the shoulder, which is redundant to the function 
of the deltoid muscle and one of the main priorities of brachial plexus reconstruction. Some surgeons preferentially 
reconstruct the suprascapular nerve in lieu of axillary nerve reconstruction due to its more accessible location.
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Rheumatoid aRthRitis

 1. What is the presentation of rheumatoid arthritis?
Rheumatoid arthritis (RA) is a systemic, chronic multisystem disease characterized by inflammation of synovial tissue. 
The presentation can be quite variable, but cartilage destruction and subsequent deformity in a symmetrical distribution 
are the hallmarks of the disease. Onset is most frequent during the fourth and fifth decades of life. Women are affected 
three times as often as men.

 2. How is the diagnosis of RA made?
The diagnosis is made based on both clinical and laboratory criteria. Clinical criteria include symmetrical joint 
involvement and rheumatoid nodules. Laboratory criteria include the presence of rheumatoid factor (antibody to the  
Fc portion of immunoglobulin G [IgG]).

 3. What is the pathophysiology of RA?
The precise cause is unknown, but an autoimmune reaction to an unidentified agent within the synovial tissue causes 
chronic inflammation. Leukocytes release inflammatory mediators causing synovitis. There are two dominant theories 
regarding the cell type responsible for the pathology. The first holds that the T cell is the primary cell responsible for 
initiating the disease as well as for driving the chronic inflammatory process. The second holds that, although T cells 
may be important in initiating the disease, chronic inflammation is self-perpetuated by macrophages and fibroblasts in a 
T-cell–independent manner. There is a genetic predisposition to the disease.

 4. What are the radiographic features of RA?
A uniform joint space narrowing with characteristic erosions. These are present on both sides of the joint, correlating 
with the area in which normal synovium is anchored to bone. The hypertrophied rheumatoid synovium begins its 
invasion of bone at these sites, and this is an early radiologic sign. There is generalized osteoporosis without the 
subchondral sclerosis and osteophytes that are typical of osteoarthritis.

 5. What are the clinical features of RA?
Characteristically this is a chronic polyarthritis, usually symmetrical. The arthritis often leads first to swelling, then to 
deformity with loss of function. Morning stiffness that lasts over an hour is typical of inflammatory arthritis.

Inflammation of the synovium surrounding the tendons leads to areas of tenderness and tendon ruptures. Triggering 
and various nerve compressions are also noted subsequent to the inflammation. Muscle wasting secondary to all of the 
above may result. Extraarticular manifestations include eye, lung, heart, blood vessel, muscle, and neurologic signs as 
well as associated autoimmune diseases.

 6. What are the most common expressions of RA in the hand and upper extremity?
Synovitis of the elbow joints is common with stiffness and deformity. Wrist involvement is very common with a tendency 
toward ulnar translocation. Involvement of the metacarpophalangeal (MP) and proximal interphalangeal (PIP) joints are 
typical as opposed to involvement of the distal interphalangeal (DIP) joints in osteoarthritis. Characteristic deformities 
in the hand include ulnar deviation and dislocation of the MP joints and boutonnière and swan neck deformities of the 
fingers and thumb.

 7. What is the caput ulnae syndrome?
Destructive changes following synovitis of the distal radioulnar joint (DRUJ) with attenuation of the ulnocarpal 
ligaments cause the caput ulnae syndrome. The caput ulnae syndrome may include dorsal dislocation of the distal ulna, 
supination of the carpus, and volar subluxation of the extensor carpi ulnaris. It is seen in up to one third of patients 
and may cause weakness and pain that are aggravated by forearm rotation. On examination the distal ulna usually is 
prominent. This area and its osteophytes cause attrition ruptures of the extensor tendons starting from the ulnar finger 
extensors.
899
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 8. What are the causes of tendon ruptures in RA?
Both extensor and flexor tendon ruptures occur in RA. These tears usually are attritional tears: over-prominent and 
sharp bony prominences, direct invasion by inflammatory synovium, which infiltrates the tendon, and ischemic necrosis 
from proliferation of the synovium in tight spaces. Ruptures from osteophytes over the distal ulna and DRUJ are called 
Vaughn-Jackson lesions. The extensor pollicis longus (EPL) tears over Lister’s tubercle; this is the most common tendon 
tear in RA. On the flexor side, the flexor pollicis longus (FPL) is the most commonly ruptured, usually from osteophytes 
on the trapezium or scaphoid—the Mannerfelt syndrome.

 9. What is the differential diagnosis for inability to extend the MP joints in RA?
 • Extensor tendon rupture
 • MP joint dislocation
 • MP joint flexion contracture secondary to intrinsic tightness (rare)
 • Extensor subluxation secondary to attenuation of the hood; in this case, if the finger is extended by the examiner, the 
patient will be able to hold the finger in extension because the tendon has been passively reduced

 • PIN (posterior interosseous nerve) palsy with paralysis of the extensors; this usually is secondary to synovitis  
at the elbow

 10. What is the medical treatment of RA?
The medical treatment of RA consists of pharmaceutical treatment, steroid injections, hand therapy, and splinting.

In pharmacologic therapy, three general classes of drugs are commonly used for treatment of RA: nonsteroidal 
antiinflammatory drugs (NSAIDs), corticosteroids, and remitting agents or disease-modifying antirheumatic drugs 
(DMARDs). NSAIDs and corticosteroids have a short onset of action, whereas DMARDs can take several weeks 
or months before a measurable clinical effect is seen. DMARDs include methotrexate, antimalarials, gold salts, 
sulfasalazine, d-penicillamine, cyclosporin A, cyclophosphamide, and azathioprine. Relatively new drugs also in use 
include leflunomide (Arava), etanercept (Enbrel), infliximab (Remicade), adalimumab (Humira), and anakinra (Kineret). 
The classic pyramid of treatment starting with NSAIDs, then moving on to corticosteroids as second-line treatment and 
so on is not always adhered to. The idea behind this approach is not to necessarily wait for the damage to take place 
but to try and prevent it. Local steroid injections occasionally give transient relief of symptoms, as do joint protection and 
splinting.

 11. What are the four objectives of surgical treatment in the rheumatoid hand?
 • To relieve pain and its debilitating effects
 • To improve/restore function
 • To prevent destruction and deformity
 • To correct cosmetic deformity

12. How do you approach the rheumatoid hand?
Deformity without pain or functional loss is not an indication for surgery. Many deformed hands are painless, and 
the deformity bears no functional significance. Functional loss and effects on activities of daily living should be 
assessed specifically. It is very important to question the patient as to what bothers him/her most and to address 
those issues first. In evaluating a hand with multiple deformities, you should try to assess the cause of a certain 
deformity to treat it correctly. It usually is best to start with simple and more predictable procedures.

 13. What are the general categories of surgical procedures performed for the 
rheumatoid hand and wrist?
 • Preventive procedures, such as tenosynovectomy/synovectomy, removal of bone spurs, and radiolunate fusion 
(Chamay et al.)

 • Reconstructive procedures, such as tendon transfers, arthroplasty
 • Salvage procedures, such as arthrodesis.

 14. What are the indications for an extensor tenosynovectomy?
There are no clear-cut guidelines for the timing of tenosynovectomy. It is best done prior to tendon rupture and in cases in 
which medical treatment has not controlled the synovitis. The timing is often dependent on the referring rheumatologist. 
This is probably the most significant preventive surgery for rheumatoid hand and can be augmented with excision of 
osteophytes from the DRUJ area.

 15. What is the preferred treatment of extensor tendon ruptures?
The extensor tendons usually rupture in RA over the arthritic DRUJ. Therefore the ulnar extensors usually are ruptured 
first and sequentially the radial ones. Because these are attrition ruptures, true reconstruction is rarely attempted, and 
the distal ends of the torn extensors are transferred to the intact adjacent tendons. At the same time, removal of any 
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sharp prominences should be undertaken. If there are no intact tendons to transfer to, an extensor indicis proprius 
tendon or an flexor digitorum profundus to the extensor side can be transferred. Rupture of the EPL can be treated by 
transfer of the EIP.

 16. What are the typical deformities in the radiocarpal and intercarpal joints in RA?
The following are typical wrist deformities:

 • Ulnar and volar translation with supination relative to the radius (this occurs secondary to synovitis and attenuatio
of the radiocarpal ligaments).

 • Arthritis and stiffness of the radiocarpal joints. Usually the radiolunate joint is involved as opposed to degenerative
arthritis of the wrist, in which this joint is relatively spared, although often the changes resemble severe 
osteoarthritis of the wrist.

 • In juvenile RA because of premature closure of the epiphyses, the wrist is smaller and tends to be stiff and not 
unstable.

The indications for surgical treatment remain functional: arthrodesis (partial and total wrist) and arthroplasty. Wrist 
synovectomy is indicated in patients with minimal bony destruction.

 17. What are the indications for MP joint arthroplasty?
The indications are pain, loss of function, and ulnar drift, along with radiographic evidence of advanced destruction 
of the joint. Absence of pain with a functional hand is a contraindication to surgical treatment. MP joint arthrodesis 
usually is avoided in view of the significant limitation that it imposes on motion. MP joint arthroplasty with silicone or 
pyrocarbon implants is most often used.

 18. What are the common finger deformities in the rheumatoid hand?
A swan neck deformity with hyperextension of the PIP joint and flexion of the DIP joint and the boutonnière deformity 
with hyperextension of the DIP joint and flexion of the PIP joint are most common. Both deformities are secondary to 
imbalances in the extensor mechanism caused by synovitis within the joint spaces. Flexion contractures, mostly of the 
PIP joints, are common.

 19. What is the surgical approach to correction of the swan neck deformity?
The treatment depends on the mobility of the PIP joint. If the PIP joint is flexible in all positions, DIP joint arthrodesis or 
dermodesis, sublimis sling/tenodesis, and Littler spiral oblique retinacular ligament (SORL) reconstruction are indicated
If PIP joint flexion is limited, intrinsic release, PIP joint manipulation, or lateral band mobilization is indicated. A stiff PIP 
joint with radiographic evidence of advanced intraarticular changes requires either PIP joint arthroplasty or fusion. PIP 
joint arthroplasty in the setting of RA has generally met with poor long-term results.

 20. What is the mechanism leading to boutonnière deformity?
Inflammation within the PIP joint attenuates the extensor mechanism over the PIP joint. This causes the lateral bands 
to displace volarly and become fixed. They then act as flexors of the PIP joint (being volar to the axis of rotation of the 
joint) and become the sole extensors of the DIP joint, leading to hyperextension of the DIP joint. Surgical correction 
of boutonnière deformity is often associated with limited functional improvement and a high recurrence rate. Soft 
tissue correction is indicated only if passive extension of the PIP joint is possible and the joint is preserved. Plication or 
reinsertion of the central tendon and relocation of the lateral bands dorsally may be performed. If the PIP joint cannot b
extended passively or if it is painful, an arthrodesis is indicated.

 21. What are the indications for thumb fusion in RA?
Fusion of the MP or IP joints of the thumb may be very functional if the carpometacarpal joint has a good range of 
motion. They allow for stability during grasp and pinch as well as improved cosmetics.
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 1. What is the cause of Dupuytren’s disease?
Dupuytren’s disease (DD) is a familial disease and until recently was considered to be a genetic disease due to a single 
dominant gene of variable penetrance. The cause probably is multifactorial, involving more than one gene as well as 
environmental factors.

 2. What diseases are associated with DD?
 • Diabetes Mellitus. Approximately 5% of people with DD are diabetic (type 1 or 2). The frequency of DD in diabetic 
patients increases with age and duration of diabetes. For instance, at 20 years’ duration, 67% of diabetic patients 
have DD, although the disease is mild and rarely requires treatment. Patients also have a type of finger joint 
contracture called limited joint mobility, which prevents them from fully extending the fingers. The explanation for the 
association between DD and diabetes is unknown.

 • Seizure Disorders. The incidence of epilepsy is 1.5% in the general population and 3% in people with DD. There are two 
conflicting explanations: (1) genetic linkage and (2) the theory that DD is caused by long-term barbiturate medication.

 • Chronic Alcoholism. The prevalence of DD varies, but severe alcoholics often have severe DD. Despite frequent 
statements to the contrary, DD is not due to liver disease. The association is related to the volume of alcohol 
consumed and the age of the patient. There also may be a genetic predisposition.

 3. Is DD related to work or injury?
Despite many attempts to answer this question, no study is conclusive. Patients often attribute their disease to some 
work pattern, whether they are manual or sedentary workers. Some studies report an increase of DD in heavy manual 
workers, whereas several others have found no greater incidence. Reports suggest an association with vibration injury, 
but the figures are not significant. The association of DD with acute injury is a separate problem. Several reports, 
most of which are anecdotal and involve one or two cases, relate the onset of DD to a fracture, penetrating wound, or 
laceration of the hand. The suggested causes are swelling and immobilization in a genetically predisposed person.

 4. What are the risk factors for developing DD?
Because DD is a familial disease, the chance that a child will develop DD depends on the clinical features possessed  
by the parent, which were described by Hueston as “diathesis factors.” The presence of one or more of these  
factors increases the chance that other members of the family may develop DD:

 • Positive history in first- or second-degree relative
 • Presence of ectopic deposits—Dupuytren’s tissue that appears beyond the palmar surface of the hand; the usual 
sites are knuckle pads over the dorsum of the proximal interphalangeal (PIP) joints, plantar fibromatosis, and penile 
fibromatosis (Peyronie’s disease)

 • Early age of onset of disease (before age 40 years)
 • Presence of severe bilateral disease, especially involving the radial side of the hand

The examiner should determine the presence or absence of each factor in every patient. Diathesis factors not only are  
of prognostic value; they also are essential in planning treatment.

 5. Does the diseased tissue exhibit specific patterns?
Yes. The diseased fascia is not laid down haphazardly but in certain components of the normal palmar fascia (Fig. 139-1):

 • The pretendinous bands of the palmar aponeurosis become the pretendinous cords (normal fascia is bandlike, 
whereas diseased fascia is cordlike).

 • The natatory ligament becomes the natatory cord.
 • The termination of the transverse fibers of the palmar aponeurosis attach to the skin at the metaphalangeal (MCP) 
joint of the thumb. In the fingers, the subcutaneous tissue between the neurovascular bundles becomes the central 
cord; the spiral, lateral, and retrovascular bands also become cords.

Robert M. McFarlane, MD, FRCSC, and
Douglas C. Ross, MD, MEd, FRCSC
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Figure 139-2. Components of the spiral cord (A) and the mechanism by which the neurovascular bundle is displaced toward the midline of 
the finger (B). 1, Pretendinous band; 2, spiral band; 3, lateral digital sheet; 4, Grayson’s ligament.

 6. Which fascia causes the various flexion contractures in the hand?
 • MP joint contracture is caused only by the pretendinous cord, which attaches to the skin and tendon sheath distal to 
the MP joint.

 • The PIP joint is contracted most often by the central cord, followed, in descending order, by the spiral cord and lateral 
cord. All three cords attach to the base of the middle phalanx and may be involved alone or together.

 • Contracture of the distal interphalangeal (DIP) joint is uncommon. It is caused by the retrovascular and, to some 
extent, the lateral cord because both cords attach to the distal phalanx.

 • The natatory cord contracts the web space from side to side and prevents the fingers from separating.
 • The MP joint of the thumb is contracted by the pretendinous cord but usually by no more than 30° because the cord is 
not well developed. The disabling deformity of the thumb is an adduction contracture caused by the natatory cord  
and termination of the transverse fibers of the palmar aponeurosis.

 7. By what mechanism is the neurovascular bundle displaced?
An understanding of the mechanism is important to avoid digital nerve injury during surgery. The spiral cord 
passes deep to the neurovascular bundle to reach the side of the finger. It then passes superficial to the bundle 
to reach the base of the middle phalanx, where it attaches. In other words, it spirals around the neurovascular 
bundle. As the spiral cord shortens, the bundle is drawn toward the midline of the finger, where it may be cut 
inadvertently (Fig. 139-2).
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Figure 139-1. Normal parts of 
the palmar (A) and digital (B) fascia 
that become diseased.
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 8. To which group of diseases does DD belong? How are they classified?
DD is one of the fibromatoses, a group of nonmetastasizing tumors that tend to invade locally and to recur after surgical 
excision. According to Allen (1977) and Enziger and Weiss (1983), they are classified as follows:

 • Infantile—11 types
 • Adult

 9. What are the histologic features of the nodules of DD?
The clinically apparent nodule is composed of a number of smaller nodules that are nonencapsulated but surrounded by 
connective tissue and collagen bundles. The predominant cell is the fibroblast. Early in the disease the cells are  
spindle-shaped perivascular fibroblasts. Later, when contracture is apparent, the cells are more closely packed and 
collagen production is evident. Ultrastructurally, the predominant cell is the myofibroblast, which contains myofibrils 
(actomyosin) in the cytoplasm; cell-to-cell attachments are apparent. The nuclei have deep indentations that indicate 
contracture. Special stains show many new blood vessels. In the late stages of the disease, the nodules disappear, and 
the few cells in the cords are inactive fibroblasts or fibrocytes.

 10. What is the role of the myofibroblast?
Because of its electron microscopic appearance, contractile properties in tissue culture, and the presence of alpha-
smooth muscle actin in the cytoplasm, the myofibroblast is assumed to have a contractile function as well as the ability to 
produce collagen. As new collagen is produced, the tissue is shortened by action of the myofibroblast. The result is joint 
contracture.

 11. What is different about the collagen of normal fascia and Dupuytren’s tissue?
Almost all of the collagen in normal fascia is type 1, whereas approximately 25% of the collagen in Dupuytren’s 
specimens is type 3.

12. Where are nodules usually located?
Nodules usually are just distal or just proximal to the distal crease of the palm, in line with the ring and/or small finger. 
They also appear at the base of the small finger and the MP crease of the thumb. However, they may occur anywhere on 
the volar surface of the palm or digits.

 13. What clinical features and other conditions should be considered in the differential 
diagnosis of DD?
The location of the nodule is almost diagnostic. It is firm and adherent to skin. It does not move with finger flexion or 
extension, and the skin over the proximal segment of the finger will blanch on hyperextension of the MP joint. Examine 
the other hand for nodules, the dorsum of the fingers for knuckle pads, and the feet for plantar nodules. All of these 
findings are signs of DD.

Other lumps should be easily differentiated. A ganglion at the base of the finger is small, spherical, mobile, and tender 
to palpation. An inclusion cyst or benign tumor is mobile and not adherent to the skin. Epithelioid sarcoma is a rare 
condition that mimics the nodule of DD. If the diagnosis is in doubt, a biopsy is indicated after further consultation. PIP joint 
contractures are commonly misdiagnosed as DD. Camptodactyly is usually noted by the age of 12 years in one or both small 
fingers. No nodules or cords are present, although the skin on the ulnar side of the proximal segment of the finger becomes 
tight with PIP extension. The PIP joint contracture may be fixed or passively correctable. In some cases of trigger finger, the 
patient cannot correct the PIP joint flexion. Prior triggering and pain should rule out DD. Other flexion contractures that can be 
differentiated by the absence of nodules are the lack of PIP joint extension often seen in diabetic patients, called limited joint 
mobility, and contractures due to trauma or arthritis. Finger contractures in the elderly simulate DD. All fingers are involved 
and flexed at both MP and PIP joints. The flexor tendons in the palm are prominent, and the contractures are not correctable. 
Finally, nodular thickening in the palm is a feature of reflex sympathetic dystrophy. The nodules are neither as discrete nor as 
large as DD nodules, but they often are diagnosed as DD. Histologically they are fibrosis rather than fibromatosis.

 14. Is there a role for nonoperative treatment?
Yes, but at present it is limited. The only modality that has persisted over the years is steroid injections into the nodule. 
Ketchum believes that repeated injections will relieve pain and delay or sometimes stop the progress of the disease. He 
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also advocates steroid injections for painful knuckle pads and plantar nodules. To date, attempts to weaken or disrupt 
contracted cords with collagenolytic agents, various drugs, stretching, ultrasound, and x-rays have not been successful. 
Future efforts are likely to include interferon and substances that affect growth factors.

 15. What are the indications for operative treatment?
There are no absolute or urgent indications for surgery, but 30° of flexion contraction at the MP or PIP joint is a nuisance 
and indicates the extent of disease and the likelihood of progression. Many patients are seen soon after they notice a 
nodule in the palm because it is painful or patients are concerned that it may be malignant. An explanation of the nature 
of DD usually allays their concern. If the pain persists, one or two steroid injections may help. Excision of a nodule is not 
satisfactory because thickening of the fascia and scarring of the operation may worsen the condition. If excision of a 
nodule is necessary for diagnosis or because of pain, a generous excision of the surrounding fascia is advised.

 16. What are the goals of surgery?
The goals are different at each joint. At the MP joint the surgeon should be able to completely correct the contracture 
regardless of its severity and assure the patient that the contracture will not recur. At the PIP joint the surgeon should 
forewarn the patient that joint contracture may not be fully corrected. The residual contracture may be as much as 40°, 
depending on the severity of the original contracture. There is also the likelihood that the residual contracture will worsen.

 17. What are the options in designing an operation for DD?
By considering the three following steps separately, the operation can be individualized:

 • Skin Incision. Exposure may be longitudinal (linear, zigzag, lazy S) or transverse. If a single ray is involved, a 
longitudinal incision from the proximal palm to beyond the diseased fascia in the finger permits exposure of both 
the fascia and the neurovascular bundles. If the disease is more widespread in the palm, a transverse incision 
provides good exposure. Separate longitudinal incisions may be made in the involved fingers to join the palmar 
incision if necessary.

 • Management of the Diseased Fascia. The diseased fascia may be incised (fasciotomy) or excised locally or widely 
(regional or extensive fasciectomy). Subcutaneous or open fasciotomy has been advocated for old and debilitated 
patients, but it is an incomplete operation that either fails to correct the contracture or results in temporary 
improvement. A more definitive operation is a regional fasciectomy in which only the diseased fascia is removed. 
It is the usual procedure in the palm to correct MP joint contracture. However, because as many as four cords may 
be involved in a PIP joint contracture, a more extensive operation is often required in the finger. The diseased as 
well as the potentially diseased tissue is excised by extensive fasciectomy.

 • Treatment of the Wound. The wound may be sutured, left open, or skin-grafted. Usually the wound is closed in both 
palm and finger procedures. In the finger, longitudinal incisions are lengthened and appropriately oriented by the 
use of Z-plasty. Closure of a transverse wound in the palm creates a dead space where the fascia was excised, 
and a hematoma is likely. A hematoma can be avoided to some extent by suction drainage, but a more reliable 
method is to leave the wound open and let it heal by second intention (McCash technique). Healing requires 4 to 6 
weeks, depending on the width of the wound. This procedure is contrary to surgical principles, but it is a justifiable 
exception.

 18. What is the rationale for using skin grafts? What are the indications?
Hueston made the empirical observation that Dupuytren’s tissue does not grow under a full-thickness skin graft. 
Therefore, full-thickness skin grafts are recommended for patients in whom recurrence is likely, including (1) patients 
with an increased diathesis, (2) patients with recurrent PIP joint contracture, and (3) patients with primary, severe PIP 
joint contracture. The procedure is called a dermofasciectomy. The diseased fascia is excised, after which areas of skin 
are excised, usually near the PIP joint, and the defects are covered by full-thickness skin grafts.

 19. What is the difference between extension and recurrence?
Extension refers to postoperative appearance of disease in an area of the hand not involved in the surgery. Recurrence 
refers to the postoperative appearance of disease in the area of previous surgery. If follow-up is long enough (10 to 20 
years), virtually all patients have one or both. However, no more than 10% to 15% will have enough joint contracture to 
justify reoperation.

 20. What are the complications of surgery?
 • During surgery, division of digital arteries and nerves and inadequate excision of fascia are often due to poor planning 
of incisions, inadequate hemostasis, and failure to use magnification.

 • Hematoma, skin necrosis, and infection usually occur in sequence and are due to inappropriate undermining of skin 
and lack of hemostasis.

 • Joint stiffness is due primarily to the complications mentioned and is worsened by inappropriate splinting and therapy.
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 • Reflex sympathetic dystrophy usually is idiopathic, but statistically it occurs more frequently after an extensive operation 
or after one of the complications mentioned. It occurs after 3% of operations in men and 7% of operations in women.

 • Uncorrected or early recurrent joint contracture (seen more frequently at the PIP joint) is due to inadequate fascial 
excision.

21. How are patients managed postoperatively?
The affected fingers usually are splinted in extension in the operating room. The surgeon is responsible for wound care, 
but ideally a therapist should see the patient within the first week to begin exercises and to fashion an appropriate 
splint. Splinting techniques vary, depending on whether surgical release involved the MP or PIP joint or whether an open 
palm technique was used. MP joint contractures do not require splinting if full extension is maintained with therapy 
alone. However, with an open palm procedure, the MP joint should be splinted in extension until the wound is closed. PIP 
joints require 6 weeks of full-time splinting and at least 3 months of nighttime splinting to prevent flexion contractures 
secondary to scar tissue.
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 1. What is stenosing tenosynovitis?
Stenosing tenosynovitis (ST) is fibrosis and hypertrophy of the pulley or sheath overlying a gliding tendon. This leads 
to narrowing of the tendon passage and the characteristic pain, locking, swelling and, rarely, rupture that may be seen 
in ST. The tenosynovitis aspect of ST is somewhat of a misnomer as inflammation of the tendon synovium is variable. 
Tendovaginitis is a more accurate term, which describes the reactive changes that are thought to occur from repetitive 
motion and irritation of the overlying sheath.

 2. Which tendons can be affected by ST?
ST can affect the extensor retinaculum overlying any of the six dorsal compartments. The flexor carpi radialis tendon 
glides under a fibrous sheath that starts at the trapezium and extends to the second metacarpal. This sheath can also 
undergo ST. Finally, the A1 pulleys overlying the flexor tendons are commonly involved in ST and can lead to trigger 
fingers (Fig. 140-1).

 3. What causes ST?
Fritz de Quervain described the pathophysiology of first dorsal compartment ST due to “friction and direct damage to the 
tendovaginal chamber…from trauma.” This tenet holds true today, and most authors ascribe the symptoms of ST due  
to overuse of the tendons.

 4. What are some of the risk factors for developing ST?
Female sex, diabetes, rheumatoid arthritis, hypothyroidism, end-stage renal disease, and pregnancy are risk factors.

 5. What is the initial treatment of ST, and how successful is nonsurgical management?
Splinting and steroid injection into the A1 pulley are the mainstays of initial treatment of trigger fingers. Most studies 
report 60% to 80% resolution of symptoms with one to three injections in nondiabetics and an approximately 50% 
chance of success in diabetics. Although most hand surgeons believe that the injection is most effective when placed 
within the flexor sheath, the importance of intrasheath placement has been questioned in a randomized trial.

 6. Who was de Quervain?
Fritz de Quervain was a Swiss surgeon who first described in 1895 the nature of ST of the first dorsal compartment that 
now bears his name. He was a protégé of Dr. Theodore Kocher, who won the Nobel Prize in Medicine for his work in thyroid 
surgery.

Abductor
pollicis longus

Compartment 1

Compartment 2

Compartment 3

Cross section at proximal wrist

Compartment 4

5

6
4 3 2

1
Extensor
pollicis brevis

Extensor carpi
radialis longus

Extensor carpi
radialis brevis

Extensor digitorum and
extensor indicis

Compartment 5 Extensor
digiti minimi

Compartment 6
Extensor
carpi
ulnaris

Ulna Radius

Extensor retinaculum
Extensor pollicis longus —

Figure 140-1. Compartments beneath the dorsal carpal ligament. (From Netter FH: Atlas of Human Anatomy. Summit, NJ,   
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 7. What is the Finkelstein maneuver?
By flexing the thumb palmarly and holding it with flexion of the other fingers, you deviate the wrist ulnarly. Pain elicited 
by this maneuver is caused by narrowing and irritation of the stenosed first dorsal compartment in patients with de 
Quervain’s disease (Fig. 140-2).

 8. What features distinguish de Quervain’s disease from basal joint arthritis?
Although both diagnoses include pain at the radial wrist, patients with carpometacarpal (CMC) arthritis generally 
display a negative Finkelstein test. Patients with basal joint arthritis have a positive CMC grind test and characteristic 
metacarpophalangeal (MCP) hyperextension when the disease is advanced. Most significantly, patients with basal joint 
osteoarthritis have arthritic changes on radiographs. Patients with de Quervain’s disease have normal radiographs 
unless a concomitant pathologic process is present.

 9. What anatomic structures and variations must be remembered during de Quervain’s 
surgical release?
 • One or two branches of the radial sensory nerve lie superficial to the first dorsal compartment and must be protected 
during surgery.

 • In 20% to 30% of cases, the compartment is divided into two tunnels: one ulnar for the extensor pollicis brevis (EPB) 
and one more radial for one or more slips of the abductor pollicis longus (APL). Failure to divide the separate tunnel  
of the EPB, when present, will result in incomplete release.

 • After division of the extensor retinaculum, the surgeon must remember that the APL may have up to four tendinous 
slips, which often have a separate subsheath overlying them. These must be divided to provide complete release.

 • The radial artery will be deep to the floor of the first compartment, and care must be taken to avoid injury.

10. What is intersection syndrome?
Classically, intersection syndrome was thought to arise from friction and irritation of the second dorsal 
compartment tendons as they cross over the contents of the first compartment, 4 cm proximal to the radial styloid. 
However, hand surgeons now have identified that the etiology is entrapment of the second compartment tendons 
by its overlying sheath. Further support was generated by Costa et al., who found fluid-filled compartments on 
magnetic resonance imaging in three patients suffering from intersection syndrome without any changes in the 
tendon (Fig. 140-3).

11. What is the most common digit affected in trigger finger?
The thumb is the most common digit affected, followed by the ring, long, little, and index fingers.

12. What is the etiology of trigger finger?
The A1 pulley undergoes stenosing tenosynovitis and swells, as do the tendon and synovium in that area. The tight canal 
prevents extension when the swollen tendon “locks” and is trapped in flexion.

Figure 140-2. First dorsal 
compartment (arrow) where pain 
is elicited during the Finkelstein 
maneuver.
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13. Where are the typical incisions placed for trigger finger release?
A variety of incisions offer access to the A1 pulley, and surgeons often make use of the distal and palmar creases. 
The thumb A1 pulley is approached through the MP crease. The index finger incision typically is within the proximal 
palmar crease. The middle finger A1 pulley is accessed by an incision between the proximal and distal palmar 
creases. Finally, the ring and small fingers use the distal palmar crease (Fig. 140-4).

14. What anatomic relationship is critical in trigger thumb release?
The radial digital nerve of the thumb crosses radially across the metacarpal near the A1 pulley and is very superficial. 
It must be protected during division of the A1 pulley in trigger thumb.

15. How should rheumatoid trigger finger be treated?
Medical management with pharmacologic therapy is the mainstay of initial treatment. In an acute episode of triggering, 
corticosteroid injection can be considered, but the rate of tendon rupture is significant. Operative exploration and 
tenosynovectomy is the recommended course of treatment. Pulley release should be avoided in rheumatoid patients 
because it may accentuate ulnar drift of the digits at the MP level.

APL EPB

ECRL

ECRB

Figure 140-3. Area (circled) where the extensor pollicis brevis (EPB) and abductor  
pollicis longus (APL) cross the common radial wrist extensors. The location of the first  
dorsal compartment where de Quervain’s disease occurs is indicated with an asterisk.  
The second dorsal compartment has been released in the manner recommended for  
treatment of intersection syndrome. ECRB, Extensor carpi radialis brevis; ECRL, extensor carpi radialis 
longus. (From Froimson AI: Tenosynovitis and tennis elbow. In Green DP [ed]: Operative Hand Surgery, 3rd 
ed. New York, Churchill Livingstone, 1993, p 1193.)

Figure 140-4. Incision placement for trigger finger 
release for each digit.
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16. How should an infant who presents with triggering be managed?
This condition must be first diagnosed properly and differentiated from congenital clasped thumb in which there is 
absence or hypoplasia of the extensor apparatus. In several studies resolution of the trigger thumb was not achieved 
with conservative management, but other surgeons achieved success with splinting. Most authors recommend release 
by the age of 1 year if symptoms have not resolved. If the patient manifests severe triggering, Cardon et al. recommend 
searching for a flexor tendon nodule or abnormal flexor digitorum superficialis slip during surgery.
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 1. What is the definition of a tumor?
A tumor is defined as swelling of a part of the body. More specifically, the swelling is secondary to an abnormal growth 
or multiplication of cells, which are either benign or malignant.

 2. What types of tissues form hand tumors?
Most tumors of the hand are benign; they are recognized early and treated by excision. Typically, a favorable prognosis 
is rendered. These tumors can arise from any cell type, including skin, adipose, synovium, tendon, cartilage, bone, 
muscle, fibrous tissue, nerve, and blood vessels.

Masses such as inclusion cysts and ganglions can masquerade as tumors but are not true neoplasms; they are 
considered pseudotumors. Premalignant lesions such as actinic keratosis or atypical nevus can exist in the hand.

 3. Are most tumors of the hand benign or malignant?
Ninety-five percent of hand tumors are benign, excluding cancerous skin lesions. However, malignant tumors do occur 
and can form from any type of tissue. Diagnosis based solely on physical examination alone becomes a challenging 
endeavor.

Malignant tumors of the hand exist and can be divided into two categories: primary and metastatic. Primary tumors can 
be soft tissue in nature (e.g., melanoma, basal cell carcinoma, and squamous cell carcinoma) or derived from bone (e.g., 
osteogenic sarcoma). Metastatic disease most commonly originates from the breast, kidney, thyroid, lung, or colon.

 4. What are the basic tenets of hand tumor surgery?
 • Biopsy all infections and culture all masses (Fig. 141-1)
 • Beware of uncommon malignant tumors
 • When in doubt, perform a biopsy

 5. Are laboratory tests helpful in the diagnosis of hand tumors?
Rarely. However, increased erythrocyte sedimentation rates can be seen in Ewing’s sarcoma, lymphoma, or even a 
myeloma. Increased serum calcium can be indicative of metastatic tumor, and an increased alkaline phosphatase can 
indicate osteosarcoma. In men older than 50 years with radiographs revealing blastic bone lesions, it is prudent to 
analyze blood prostate-specific antigen (PSA) levels to rule out a prostate malignancy.

A B

Figure 141-1. Patient with forearm mass resembling osteomyelitis over a distal radius malunion. Biopsy revealed squamous cell 
carcinoma, illustrating the adage “biopsy all infections and culture all masses.”

Justin M. Sacks, MD, and
Kodi K. Azari, MD, FACS



913the hand and upper extremity

 6. Describe the evaluation, workup, and treatment plan for a suspicious hand mass.
Concise strategies to evaluate, diagnose, and treat tumors of the hand are required for optimal patient care. A careful 
history and physical examination will rapidly focus the investigation of a suspicious mass found in the hand. For 
example, with a history of rheumatoid arthritis or gout, search for rheumatoid nodules or evidence of tophi, respectively. 
An x-ray of the hand is a mandatory test. Additional use of diagnostic tools such as computed tomographic (CT) scan 
and magnetic resonance imaging (MRI) are required to evaluate potential bony involvement. MRI has become the “gold 
standard” to evaluate soft tissue masses for malignancy, and CT scans are best suited for osseous lesions. Ultrasound 
is a quick and inexpensive way to differentiate cystic from solid masses. If the suspected mass is a malignancy, chest 
radiograph, CT scan, and total body scintigraphy can help identify metastatic spread.

Ultimately, surgical excision using incisional or excisional biopsy techniques will be the final arbiter for diagnosis. 
Accuracy of the pathologic assessment is dependent on specimen type. Frozen pathologic section is accurate 80% 
of the time, whereas permanent pathologic section is 96% accurate. Immunohistochemical staining can improve the 
accuracy of these biopsies. Core needle biopsy has intermediate accuracy of 83% to 93% accurate but may not supply 
adequate tissue supply.

Surgical incisions must be planned carefully with definitive surgery in mind, using a longitudinal incision in line 
with or parallel to a potential limb salvage procedure. If a tourniquet is used, exsanguination is not performed 
to prevent potential spread of tumor cells into the lymphatic system. Proper hemostasis must be obtained, and 
adjacent compartments must not be violated unless a radical excision is required. Obtain biopsy samples of 
all infections and culture all masses. Chronic infections can masquerade as malignancies, and masses can be 
subclinical infections.

 7. What is the most common soft tissue mass in the hand? How is it treated?
Ganglion cysts are the most common soft tissue mass found in the hand. These cysts are mucinous filled structures 
associated with joint capsules, tendons, and tendon sheaths caused by synovial herniation. The most common locations 
for this mass are the dorsal carpal region (60% to 70%) originating from the scapholunate interosseous ligament, the 
volar carpal region (20%) originating from the scaphotrapeziotrapezoid ligament, and the volar retinaculum (10% to 
20%). Ganglions associated with the distal interphalangeal joint and osteoarthritis are termed mucous cysts (Fig. 141-2). 
Treatment is excision of the cyst along with excision of the associated osteophyte.

A key point is clarifying the benign nature of these lesions for patients who often seek reassurance when confronted 
with this lesion. Volar retinaculum lesions undergo spontaneous resolution in almost two thirds of patients. Aspiration 
techniques commonly result in recurrence. Definitive management of the ganglion cyst is surgical excision and a small cuff 
of retinaculum. For larger ganglions in the volar and dorsal regions of the hand, removal of the ganglion with its stalk and 
a portion of the joint capsule are required. A dime-sized joint capsule segment is removed to disrupt the one-way valve 
that has formed, allowing synovial fluid to exit but not reenter the joint space. Arthroscopic removal of ganglion cysts in the 
dorsal region of the wrist is currently being performed. Success rates have been favorable with limited long-term follow-up.

 8. Biopsy of a hand mass reveals an orange-brown tumor with multinucleated giant  
and xanthoma cells on histologic analysis. What is the most probable diagnosis?  
Will definitive treatment require an amputation?
This patient has a giant cell tumor (pigmented villonodular synovitis), the second most common soft tissue mass found 
in the hand. Multinucleated giant cells and xanthoma cells reside in this benign tumor, which is found in synovial fluid-
producing sites such as joints, capsular ligaments, and tendon sheaths. It is a slow-growing tumor and potentially 
can be associated with a mass effect on adjacent structures, at times indenting cortical bone. Clinically they are firm, 
nodular, and nontender (Fig. 141-3). Commonly, they are located in the radial three digits of the hand in the volar aspect. 
Treatment for this tumor is careful and complete excision; amputation is not required. Recurrence can be an issue if the 
mass is not completely excised, with an incidence ranging from 5% to 50% in some series.

 9. What is the most likely diagnosis of a painful hand mass relieved only by nonsteroidal 
antiinflammatory drugs? What is the workup and management of this mass?
Osteoid osteoma, a benign bone-forming lesion that typically affects the distal radius, carpus, and phalanges. These 
bone tumors form in the hand (<1%), most commonly the scaphoid, presenting during the first 2 decades of life. 
Radiograph of the hand reveals sclerosis of bone around a central lucency in the carpus. CT scan is more effective 
than is radiograph for localizing this mass. Patients typically complain of persistent pain relieved by nonsteroidal 
antiinflammatory drugs (NSAIDs). Definitive treatment can be either curettage or resection. Incomplete nidus excision 
has been associated with recurrence. Conservative management consists of observation and NSAIDs until the disease 
becomes quiescent. You can reassure the patient that this is a benign lytic lesion of the bone. Histologic slides from 
a similar patient will demonstrate a vascular nidus surrounded by benign-appearing osteoblasts from a previously 
excised osteoid osteoma.
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A B

C D

Figure 141-2. A, Volar ganglion. B, Volar ganglion in Guyon’s canal causing ulnar nerve irritation. C, Volar retinacular ganglion. D, Mucous cyst.

Figure 141-3. Giant cell tumor of the palm.
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 10. What different types of surgical margins can be used for tumors found in the hand?
The four types of surgical margins possible in removing tumors of the hand are as follow:

1. Intralesional: Resection through the plane of the tumor leaving gross tumor behind
2. Marginal: Resection through the tumor “reactive zone,” which potentially misses microscopic tumor cells
3. Wide: Dissection plane involves removal of the mass with normal tissue but still remains within the relative tissue 

compartment
4. Radical: Resection of tumor involves removing the entire intracompartment and extracompartment of involved and 

uninvolved tissue.

 11. Name the most common malignant bone-forming tumor found in the hand. Describe 
its clinical and radiographic features along with its treatment.
This tumor is an osteogenic sarcoma. It presents as a firm and rapidly enlarging painful mass. In the hand, it is 
commonly found in the metacarpals and proximal phalanges. Radiographs reveal a sclerotic and expansive lesion that 
can be blastic or lytic. The typical appearance is termed a sunburst pattern. Treatment initially is an incisional biopsy 
with concurrent local and systemic staging. Wide excision including possible finger or ray amputation is the appropriate 
surgical resection. Neoadjuvant therapy is used to decrease the lesion size. Wide excision and adjuvant chemotherapy 
are used to treat high-grade lesions of the hand.

 12. A patient has exquisite point tenderness in her finger when she puts her hand in the 
refrigerator. What is the diagnosis?
This patient has a glomus tumor, which is a benign tumor of the neuromyoarterial apparatus, responsible for controlling 
skin circulation. It is a neoplasm of smooth muscle cells frequently presenting in a subungual location in the hand. The 
classic triad of symptoms is cold hypersensitivity, intermittent severe pain, and point tenderness. Diagnostic workup 
for this lesion can be performed initially using a radiograph, which reveals a “scalloped” osteolytic defect. MRI with 
gadolinium contrast typically reveals a high-signal-intensity lesion in the subungual region (Fig. 141-4). Excisional biopsy 
usually is curative, but multiple tumors can occur in up to 25% of patients and are a source for recurrent symptoms.

 13. What is a pyogenic granuloma? What are treatment options?
A pyogenic granuloma is a rapidly progressing vascular lesion related to a disorder of angiogenesis. Commonly 
found on the fingers, it begins as a solitary “red” nodule and progresses to a chronically inflamed vascular lesion 
(Fig. 141-5). The exact etiology is unknown; however, an association with trauma followed by a subsequent 
subclinical infection has been speculated.

Conservative modalities for treatment of this lesion include simple excision, electrocautery, and silver nitrate application. 
However, these have proved to be unreliable. Surgical excision with a small rim of healthy tissue is the most definitive 
treatment, although recurrences have been documented.

 14. Describe the clinical course of a keratoacanthoma. Why is an excisional biopsy 
recommended? If a patient presents with multiple keratoacanthomas, what other 
diagnostic modalities should be performed?
The lesion begins as a small red papule and typically progresses to a large ulcerated mass. This mass is “volcano 
shaped” with a large central crater. The natural course of the lesion is regression following a latent phase of varied 

A B

Figure 141-4. A, Glomus tumor 
of the distal phalanx. B, Magnetic 
resonance image showing high 
signal intensity.



916 tumors

duration, which ranges from 6 months to several years. An excisional biopsy of this lesion currently is recommended. 
This lesion is thought to be derived from the epithelium of hair follicles typically found on hair-bearing regions within 
the upper extremity. Excisional biopsy is recommended to rule out a malignant neoplasm, most commonly squamous 
cell carcinoma. Treatment can include curettage if a benign lesion is considered. The natural history of these lesions is 
involution, and treatment has remained conservative. However, poor cosmetic outcomes can result from this approach. 
Muir-Torre syndrome is an autosomal dominant disorder associated with multiple keratoacanthomas. This syndrome is 
associated with visceral malignancies; therefore workup should include colonoscopy and abdominal CT scan.

 15. What are the most likely causes of carpal tunnel syndrome in a child?
The most likely causes are ganglion, lipoma, accessory muscles, and hamartoma. A child with a lipofibromatous 
hamartoma typically presents with a mass in the carpal tunnel with fibrofatty infiltration within the epineurium, most 
commonly the median nerve. In a child who presents with carpal tunnel syndrome, this should be considered part of 
the differential diagnosis (Fig. 141-6). Exploration of the mass reveals fusiform swelling of the nerve without invasion 
into perineural tissue. Interfascicular resection is not possible and is contraindicated for treatment of this lesion. Simple 
decompression is recommended. Gradual deterioration of nerve function can occur, and only then should resection and 
nerve grafting be considered. This condition can be associated with macrodactyly.

Figure 141-5. Pyogenic granuloma.

Figure 141-6. Twelve-year-old 
child with carpal tunnel syndrome 
from a median nerve hamartoma.
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 16. What is an epidermal inclusion cyst? What is the most appropriate treatment for 
removal of this mass?
This mass, which originates from an invagination of epithelium, can follow trauma, injection, or an incision (Fig. 141-7). 
The epithelium is internalized, resulting in subcutaneous keratin deposition. These lesions typically are painless and 
most commonly occur in the digits. Treatment involves a complete marginal excision including the cyst wall. Recurrence 
is extremely low.

 17. A 70-year-old man presents to your clinic with a firm, nontender, nodular mass on 
the volar aspect of his right index finger that has slowly been enlarging. The mass 
does not transilluminate. He states, “Will you please take this sebaceous cyst out of 
me!” Why is his diagnosis most probably incorrect?
Sebaceous cysts are pseudotumors arising from an obstructed apocrine gland, which produces sebum as opposed to 
keratin. When they occur in the hand, they are found on the dorsal aspect. Volar skin does not contain sebaceous glands; 
therefore, they do not typically appear there. This mass most probably is a giant cell tumor or quite possibly an inclusion 
cyst. Either way, tumor excision is recommended for appropriate pathologic diagnosis.

 18. What is the most common skeletal tumor of the hand?
Enchondroma is the most common primary bone tumor found in the hand. Only 5% of all primary bone tumors 
occur in the hand and the wrist. The tumor is a benign cartilaginous growth, and when it occurs in the hand it most 
commonly originates from within the medullary canal of the metacarpals or the proximal and distal phalanges. The 
tumor most commonly presents in the fourth decade of life and is associated with a clinical presentation of pain and 
edema occurring secondary to pathologic fractures. However, these tumors typically remain asymptomatic and present 
incidentally. Radiograph reveals a radiolucent and expansive lesion associated with cortical thinning and calcifications 
(Fig. 141-8). The most appropriate treatment of this lesion is immobilization to allow the fracture to heal. This is followed 
by meticulous tumor removal by aggressive curettage and possible bone autograft or allografting of the cavity.

 19. What is the most common benign bone tumor?
An osteochondroma is the most common benign tumor of the bone. These benign tumors are characterized as 
cartilage-capped bony growths that project near the epiphysis of the involved bone. Growth typically ceases when the 
growth plate closes. They are painless and, when found in the hand, are located in the metacarpals and phalanges. 
These tumors can grow with a stalk (pedunculated), or they can have a broad base (sessile). Malignant degeneration 
to chondrosarcoma can occur in 0.5% to 1% of patients. This degeneration is higher in the clinical setting of a strong 
family history and multiple osteochondromas.

 20. What is the potential for malignant transformation of a solitary enchondroma? 
What is Ollier disease? What is Maffucci disease? Is there a potential for malignant 
transformation among these disease processes?
In solitary lesions, there is a 5% potential for malignant transformation typically resulting in a chondrosarcoma, the 
most common primary malignant bone tumor found in the hand. A healing fracture can resemble a chondrosarcoma, 
so it is important to follow up these lesions with a radiograph. This is precisely the reason why enchondromas 

Figure 141-7. Posttraumatic inclusion cyst.
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with pathologic fractures are allowed to heal and tumor excision is addressed thereafter. A chest CT is required to 
rule out lung metastasis, which is common. Ollier disease is characterized by multiple enchondromas. There is no 
hereditary propensity with these lesions. Pain is uncommon unless there is a fracture. There is a 30% to 50% risk of 
malignant transformation to chondrosarcoma. Maffucci disease is a nonhereditary disease characterized by multiple 
enchondromas and hemangiomas. The risk of malignant transformation to chondrosarcoma typically is 100%. Based on 
the malignant potential of an enchondroma, clinical and radiographic follow-up are required.

 21. What is most important prognostic indicator based on histology in melanoma?  
What is the treatment of this lesion?
Complete and final pathologic diagnosis is critical to determine the depth of invasion. The Breslow system, most 
commonly used, reports the depth of invasion in millimeters. Prognosis is directly related to the depth of invasion and 
is used to correlate the rate of lymphatic spread and metastasis. Treatment planning is based on the depth of invasion 
of the tumor. The primary treatment of subungual melanoma is amputation. Wide resection (0.5 to 1.0 cm) has been 
applied to in situ melanoma. Efforts are aimed at maximizing function while decreasing the potential for recurrence.  
For lesions occurring in the thumb, amputations are performed to the level of the interphalangeal joint and in the fingers 
to the level of the distal interphalangeal joint.

 22. What is the differential diagnosis of hyperpigmentation found in the eponychial fold 
of the finger? What is Hutchinson’s sign? Is this diagnostic of a melanoma?
The differential diagnosis of this lesion includes a subungual hematoma secondary to trauma, onychomycosis, benign 
pigmented nevi, and melanoma. Certain medications can predispose to pigmented lesions, and being of a race with dark skin 
has been associated with benign pigmented lesions of the nail fold. Hutchinson’s sign is the periungual extension of brown-
black pigmentation from longitudinal melanonychia into the nail fold. This lesion is potentially an important but not absolute 
indicator of subungual melanoma. Periungual pigmentation can be found in many benign disorders and therefore is not 
diagnostic of subungual melanoma. Clinical observation is paramount, with excisional biopsy being diagnostic (Fig. 141-9).

 23. What physical findings in a pigmented skin lesion potentially make the lesion 
suspicious for a malignancy? What is the appropriate workup for a skin lesion of  
the hand that is diagnosed as a melanoma?
Physical examination of the skin lesion follows the mnemonic ABCD: Asymmetry of the lesion, Border irregularity, Color 
dishomogeneity, and Diameter greater than 6 mm. A complete examination of epitrochlear and axillary lymph nodes is 

Figure 141-8. Radiographic image of an enchondroma showing a radiolucent lesion with cortical thinning and “popcorn” calcifications.
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necessary. If biopsy determines the skin lesion to be a melanoma, radiologic examinations are warranted. Examination 
for metastasis to the head, neck, chest, abdomen, and pelvis are evaluated using CT scan. Once the thickness and depth 
of invasion of the lesion are determined, sentinel lymph node biopsy can be considered to evaluate metastatic spread 
of the tumor and to guide therapeutic modalities. Positron emission tomography (PET) scanning is frequently used for 
evaluation of the spread of melanoma more commonly than for evaluation of recurrence.

 24. What is an actinic keratosis?
Actinic keratosis is the most common precancerous skin condition. Treatment can be continued observation or 
ablation. It presents as a rough, scaly, erythematous plaque found in areas of chronic sun exposure commonly tender 
to palpation. These lesions are also the direct result of chronic sun exposure commonly found in fair-skinned persons. 
Potential malignant conversion to squamous cell carcinoma ranges from 0.25% to 1 % per year. Regression can be 
spontaneous if sun exposure is limited.

 25. A previously diagnosed actinic keratosis starts to ulcerate and bleed. What is this 
lesion now, and how does it spread?
This skin lesion represents a squamous cell carcinoma, the most common malignant skin lesion of the hand and upper 
extremity, which has converted from a previously existing benign skin lesion. Squamous cell carcinoma has a high 
metastatic potential and typically metastasizes through the lymphatics. This lesion commonly occurs among the elderly 
in sun-exposed areas.

 26. What is a basal cell carcinoma? Which lesion has a higher potential to spread 
through the lymphatics: basal cell carcinoma or squamous cell carcinoma?
Basal cell carcinoma is the second most common skin malignancy in the upper extremity and is the most common 
form of skin cancer. Clinically the lesion is observed as ulcerated skin with pearly elevated edges. These lesions 
are malignant neoplasms of the basal epithelium. Five major types of basal cell carcinoma exist: fibroepithelioma, 
morpheaform, noduloulcerative, pigmented, and superficial. Squamous cell carcinoma commonly spreads through  
the lymphatic system. Basal cell carcinomas form insidiously but rarely metastasize.

 27. A 12-year-old girl presents with a deep and painful mass in the hand located over  
the thenar eminence. A history of rapid enlargement is elicited from the patient and 
her parents. An excisional biopsy reveals a rhabdomyosarcoma. How common is  
this mass in children, what is it, and how do you treat it?
Rhabdomyosarcoma is the most common soft tissue sarcoma found in children and teens. It is a primary malignant 
tumor of muscle stem cells and typically is found in the upper extremity in the thenar eminence or between the 
metacarpals. Treatment is wide resection or amputation. These lesions commonly metastasize (20%), and lymph node 
dissection usually is necessary. Lung is the most common site of metastasis. Adjuvant radiotherapy and chemotherapy 
are recommended.

 28. A mass similar to that described in Question 27 is found in a 40-year-old patient. 
However, the mass has recently ulcerated and drained fluid. Biopsy is consistent 
with a sarcoma, revealing epithelial cells with a central area of necrosis. What is this 
mass, and how common is it relative to other types of sarcomas?
This mass represents an epithelioid sarcoma. These masses can ulcerate and drain, resulting in a misdiagnosis of 
infection. Epithelioid sarcoma is the most common soft tissue sarcoma of the hand and wrist. It commonly presents 
in adolescence and young adulthood as a firm and slow growing mass. It can affect the digits and palm with proximal 
spread along tendon sheaths. It can be misdiagnosed as a wart or an ulcer. Treatment of this mass is wide or radical 
excision. Nodal status needs to be evaluated because metastasis typically occurs to regional lymph nodes. Synovial cell 
sarcoma, clear cell sarcoma, liposarcoma, and malignant fibrous histiocytoma also occur in the hand and wrist.

A B C

Figure 141-9. A, Onychomycosis. B, Benign pigmented nail streak. C, Subungual melanoma.
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 29. What is a hemangioma? Where does it occur in the upper extremity? What is the 
treatment of this lesion?
Hemangiomas are capillary malformations representing benign vascular neoplasms and are the most common vascular 
tumor of the hand. They can present as superficial in the cutaneous form, deep (which represents cavernous lesions), or 
a mixture of both. They appear during the first month of life and are not present at birth. They are characterized by a rapid 
growth phase during the first year. Typical involution is 50% by 5 years of age and 70% by 7 years of age (Fig. 141-10). 
They can appear anywhere in the upper extremity. Treatment typically is observation, as most will resolve spontaneously. 
However, laser therapy, systemic steroids, intralesional steroids, and interferon all have shown beneficial effects. When 
the lesions become symptomatic in adults, they require a marginal resection. However, these lesions can recur.

 30. What is Kasabach-Merritt syndrome?
Kasabach-Merritt syndrome is the combination of infantile hemangioma, thrombocytopenia, and coagulopathy (Fig. 141-11). 
The hemangioma can cause consumptive coagulopathy secondary to platelet trapping. High-dose steroids and vincristine 
have been used to treat this syndrome.

Figure 141-10. Hand and 
forearm hemangioma showing 
evidence of involution.

Figure 141-11. Seven-month-
old boy with Kasabach-Merritt 
syndrome presents with rapid 
enlargement of the forearm and 
severe thrombocytopenia.
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 31. What are vascular malformations? Are they present at birth?
Vascular malformations typically are present at birth, in contrast to hemangiomas, and represent malformed vascular 
channels. They are described by their location as capillary, venous, or lymphatic lesions, or as mixed venous-lymphatic 
malformations (Fig. 141-12). These vascular malformations are considered “low-flow” tumors. Treatment consists of 
observation, laser therapy, sclerosing agents, or excision. “High-flow” vascular malformations are composed of arterial 
or arteriovenous components. These masses potentially can undergo rapid expansion. Treatment of these tumors 
involves preoperative embolization followed by excision. They most probably will grow with the child unless treated.

 32. A mass in the hand is extremely suspicious for a malignancy. Do you exsanguinate 
the hand prior to removing the mass?
It is not appropriate to exsanguinate the hand prior to removal of the hand mass. Exsanguination with an elastic 
bandage can increase the risk for tumor cells infiltrating the lymphatic system. Dissection of the hand and upper 
extremity is efficiently performed using pneumatic tourniquet control. However, in situations in which the mass being 
excised is potentially malignant, the optimal technique when inflating the tourniquet is to hold pressure on the brachial 
artery while elevating the arm and hand.

 33. Name five common primary cancers that can metastasize to the hand. Which one is 
the most common? Which bone is commonly affected, and what does x-ray show?
The most common primary cancers that metastasize to the hand are breast, kidney, thyroid, lung, and colon cancer. 
Lung cancer is the most common primary cancer to metastasize to the hand, with the distal phalanx being the most 
common site (see Fig. 141-5). Symptoms and signs are pain, edema, and erythema. Radiographic examination reveals 
destructive lytic lesions. The diagnosis is confirmed by an incisional biopsy of the mass.

 34. Describe a neurofibroma. What is Von Recklinghausen disease? Is malignant 
transformation possible?
A neurofibroma is a benign slow-growing tumor arising within a nerve fascicle histologically represented by diffuse 
growth of Schwann cells, fibrous tissue, and axons. Von Recklinghausen disease (neurofibromatosis 1) is associated 
with multiple neurofibromas. In patients with neurofibromatosis, malignant degeneration into malignant peripheral nerve 
sheath tumors can occur.

 35. Are neurofibromas and neurilemomas the same? Does their treatment differ? Is a 
neurilemoma common in the hand?
No. Neurilemomas are slow-growing tumors that arise from Schwann cells; they are also known as schwannomas. 
These lesions can be “shelled” from adjacent nerve fascicles, and neurologic deficits are rare. Treatment of a 
neurofibroma is different because normal nerve fascicles are incorporated into the tumor. Treatment of neurofibroma 
is excision, but this potentially can require segmental nerve resection and nerve grafting. A neurilemoma is the most 
common benign nerve tumor found in the hand (Fig. 141-13).

Figure 141-12. Venous 
malformation of the digit and palm.
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 36. Describe the classification system developed by Enneking for staging of 
musculoskeletal tumors.
This classification system of three stages is based on grade (G), site (T), and metastasis (M) using histologic, 
radiologic, and clinical criteria. Grade 0 refers to benign lesions, G1 to low-grade lesions, and G2 to high-grade 
lesions. T0 represents a benign intracapsular and intracompartmental lesion, T1 is an intracapsular lesion, and T2 an 
intracompartmental lesion. M0 represents no regional or distant metastasis, and M1 represents regional or distant 
metastasis. Stage I represents a low-grade lesion without metastasis, stage II represents a high-grade lesion without 
metastasis, and stage III represents a metastatic lesion regardless of tumor grade. The Enneking classification correlates 
the tumor stage with the excision margins depending on whether the mass is benign or malignant (Table 141-1).

 37. Who should biopsy a mass in the hand?
The physician who is both qualified and prepared to carry out definitive surgery should perform the initial biopsy. 
Management of tumors of the hand may require the surgeon to function dually as surgical oncologist and reconstructive 
surgeon. A complete understanding of both oncologic and reconstructive principles is required to achieve an optimal 
outcome.
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Figure 141-13. Neurilemoma of 
the small finger digital nerve.

Table 141-1. Enneking Classification System of Musculoskeletal Sarcomas

STAGE GRADE (G) SITE (T) METASTASIS (M)

IA G1 T1 M0

IB G2 T2 M0

IIA G1 T1 M0

IIB G2 T2 M0

IIIA G1–G2 T1 M1

IIIB G1–G2 T2 M1

Grade (G): G1, low; G2, high.
Site (T): T1, intracompartmental; T2, extracompartmental.
Metastasis (M): M0, no regional or distant metastasis; M1, regional or distant metastasis present.
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 1. What is complex regional pain syndrome?
Since 1993, the constellation of regional pain symptoms and associated physical changes has been classified as 
complex regional pain syndrome (CRPS). All patients have the following criteria:

 • Pain disproportionate to the inciting event, which may include allodynia (painful response to a stimulus that is not 
usually painful) and/or hyperalgesia (exaggerated response to a stimulus that is usually only mildly painful)

 • Regional pain that is not limited to a single peripheral nerve distribution
 • Autonomic dysregulation (edema, hyper/hypoesthesia, skin discoloration, sweating/dryness, osteoporosis)
 • Functional impairment (weakness, tremor, muscle spasm, dystonia)
 • Diagnosis is excluded if another condition can account for the degree of pain and dysfunction (Raynaud disease, 
scleroderma)

 2. What are the differences among reflex sympathetic dystrophy, sympathetically 
maintained pain syndrome, and CRPS I?
They all refer to a similar condition. The names are often intermixed and often confusing when used incorrectly. CRPS is 
divided into two major categories and three subtypes, with the primary difference being the identification of a definable 
nerve injury and response to regional blocks (Table 142-1).

 • Sympathetically maintained pain syndrome (SMPS) includes the cases previously described as reflex sympathetic 
dystrophy (RSD) and causalgia. RSD (CRPS I) may occur after various initiating factors other than direct nerve injury. 
Patients with RSD (CRPS I) have a variable response to sympathetic nerve blocks, whereas patients with causalgia 
(CRPS II) respond much better to sympathetic nerve blocks.

 • Sympathetically independent pain syndrome (SIPS; also known as CRPS III) is associated with disproportionate pain 
and sensory changes that do not respond to sympathetic block.

 3. Does experimental evidence suggest the involvement of sympathetic nerves in some 
chronic pain syndromes?
Yes. Electrical stimulation of sympathetic nerves in patients with clinical signs of RSD (CRPS I) results in exacerbation of 
pain. In 1946, Evans used the term RSD, believing that sympathetic hyperactivity is involved somehow in the abnormal 
activity in the periphery. Similar stimulation of sympathetic fibers in patients who are undergoing sympathectomy for 
vascular disease does not produce pain. Other studies have shown that injection of norepinephrine into the skin of 
normal patients does not cause pain but that norepinephrine injection into the skin of postsympathectomy patients 
recapitulates the pain present before sympathectomy. Animal studies support these clinical data. Despite all we know 
about RSD (CRPS I), there is still no general agreement on what to call it, what causes it, or how best to treat it.

CRPS, Complex regional pain syndrome.

Table 142-1. Complex Regional Pain Syndrome

 
 
CRPS CATEGORY

INTERNATIONAL PAIN 
NOMENCLATURE 
GROUP

 
 
HISTORICAL NAME

 
DIRECT NERVE 
INJURY

RESPONDS TO 
SYMPATHETIC 
BLOCKS

Sympathetically  
maintained pain  
syndrome (SMPS)

CRPS I 

CRPS II

Reflex sympathetic  
dystrophy (RSD)
Causalgia

No 

Yes

Yes, but  
variable results
Yes

Sympathetically  
independent pain  
syndrome (SIPS)

CRPS III Either No
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 4. Describe the functional anatomy of the sympathetic nervous system.
Sympathetic nerve fibers originate in the hypothalamus. Somatic sympathetic axons descend through the posterior 
columns of the spinal cord and synapse at the level of spinal sympathetic chain ganglia. Postsynaptic fibers travel 
to end organs intimately associated with coterminous blood vessels. Peripheral terminals release norepinephrine, 
which acts on alpha1, beta1, and beta2 receptors. Alpha2 receptors at the sympathetic end terminals prevent release 
of norepinephrine. Alpha1 receptors are responsible for vasoconstriction of peripheral blood vessels in the normal 
setting.

 5. What is the relevance of the sympathetic nervous system to pain?
The exact mechanism of sympathetic involvement in chronic pain is not known. The presumed anatomic basis for 
SMPS is the formation of abnormal short circuits between nociceptive and mechanoreceptor afferents and sympathetic 
efferents at the tissue level of the spinal cord. Tissue trauma leads to inappropriate release of terminal norepinephrine. 
The nociceptive terminals innervating the damaged area and the central pain-projecting nerves of the dorsal horn 
undergo changes in physiologic function as a result of intracellular enzyme cascades, receptor modifications, and novel 
gene expressions. The modulation results in central sensitization that amplifies the pain response of the central nervous 
system (CNS). The edema is thought to be a manifestation of neurogenic inflammation in which C fibers that innervate 
blood vessels in the affected area release vasoactive neuropeptides that cause vasodilation and increased permeability, 
with consequent transudation of fluid and protein.

 6. What is (or was) causalgia?
The word causalgia derives from the Greek for burning pain. In 1864, Silas Weir Mitchell coined the term causalgia to 
describe persistent symptoms following gunshot wounds to the extremity involving the peripheral nerve during the 
American Civil War. It now is referred to as CRPS II.

 7. Which is more common, CRPS I or CRPS II?
It is estimated that only 10% of all patients diagnosed with CRPS have RSD (CRPS I); the majority of patients have 
causalgia (CRPS II). The actual incidence of CRPS is estimated at 5% after an inciting event. In up to 10% to 30% of 
cases there is no precipitating cause or condition.

 8. What is the most common triggering event for RSD (CRPS I)?
A fracture preceded the development of CRPS I in 46% of cases. A study reported that 65% of cases occurred after 
trauma (mostly a fracture), 19% after an operation, and 2% after an inflammatory process (e.g., herpes zoster infection). 
The remaining 4% of cases included neurologic disorders (e.g., stroke, tumor, syringomyelia), ischemia, myocardial 
infarction, musculoskeletal disorder (e.g., shoulder rotator cuff injury), injection, intravenous infusion, cerebrovascular 
accident, or malignancy. In 10% to 30% of cases, no precipitant could be identified.

 9. Who is more likely to be diagnosed with CRPS?
RSD (CRPS I) has a 4:1 female/male ratio with an age range of 30 to 60 years and a mean age of onset in the late 40s. 
CRPS is less common in children younger than 10 years, although it may reflect misdiagnosis from a milder clinical 
course or lower index of suspicion by the treating physicians.

 10. Is CRPS overdiagnosed?
CRPS is often misdiagnosed in order to provide a diagnosis for patients with chronic pain with complex problems 
that defy easy categorization. Both CRPS I and CRPS II are often resistant to treatment, and diagnosing patients with 
sympathetically maintained pain categorizes them as difficult to manage; therefore management failures can be 
rationalized. Although CRPS is often overdiagnosed, delay to time of diagnosis often is 2 to 5 years from the time of 
onset, most often because treating physicians are unfamiliar with the entity or have the tendency to attribute the pain to 
psychological and social related issues.

 11. Does CRPS occur only in the extremities?
The original descriptions of RSD (CRPS I) were in the extremities. The extremities are the most common locations 
for development of CRPS I, with the upper limbs affected twice as often as the lower limbs. Symptoms may occur in 
any area of the body, such as the head and neck, chest, breast, and penis, and the new CRPS classification includes 
regionality as an important diagnostic feature of the pain syndrome. Diagnosis and management are similar regardless 
of the region.

 12. What is orofacial RSD, and why is it different?
Although most RSD (CRPS I) conditions are found in the extremities, orofacial RSD is reported after maxillofacial 
trauma, surgery, head injury, dental procedures, and neck procedures (neck dissection, vascular surgery, soft 
tissue biopsy, lymph node biopsy). These patients do not develop the dystrophic changes commonly seen in the 
extremities.
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 13. What are the stages of CRPS?
 • Acute stage (stage 1, early) usually lasts a few weeks to 3 months. Nonfocal pain is more severe than would be 
expected from the injury, and the pain has a burning or aching quality. The affected area becomes edematous with 
associated joint stiffness and decreased range of motion. The skin may be hyperthermic or hypothermic, and the 
patient may show increased nail and hair growth and pigmentation. Radiographs may show early bony changes.

 • Dystrophic stage (stage 2, intermediate) can last from 3 to 12 months. Pain remains the dominant feature. It usually 
is constant and is increased by any stimulus to the affected area. Edema progresses to dermis and fascia thickening 
and induration. Skin becomes cool and hyperhidrotic with livedo reticularis or cyanosis. Brawny edema changes 
occur, hair may be lost, and nails become ridged, cracked, and brittle. Hand dryness becomes prominent, and atrophy 
of skin and subcutaneous tissues becomes noticeable, especially at the fingertips. Radiographs may show diffuse 
osteoporosis. Triple-phase (three-stage) bone scan usually is positive.

 • Atrophic stage (stage 3, late) is chronic. Pain continues, spreads proximally, and remains a prominent feature, even 
if the pain diminishes in intensity. Irreversible tissue damage occurs. Skin is thin and shiny. Edema is absent. Muscle 
atrophy is exacerbated, and decreased range of motion and increased joint stiffness may lead to joint contractures. 
The extremity is cooler with decreased vascularity. The patient is chronically depressed and may contemplate suicide. 
X-ray films indicate marked demineralization.

 14. How can you accurately diagnose SMPS?
A given patient’s pain syndrome may have components of both sympathetic and nonsympathetic pain. A structured, 
logical approach using objective diagnostic criteria improves the chances of managing the pain syndrome correctly. One 
approach is first to define the proportion of pain caused by sympathetic activity and then to look for the nonsympathetic 
maintaining causes, if any. The diagnosis is primarily clinical, but the following four diagnostic tests may help to confirm 
the diagnosis:

1. Cold Testing: Patients with SMPS are hypersensitive to minor cold stimulation, such as with acetone, ice or ethyl 
chloride. This test can be used to differentiate SMPS from SIPS.

2. Temporary Sympatholysis: Blockade of alpha1-adrenergic receptors blocks the component of pain resulting 
from abnormal sympathetic connections. Alpha-adrenergic blockade protocols using intravenous phentolamine 
compared with placebo helps classify patients as SMPS versus SIPS. The proportion of pain reduction that occurs 
during phentolamine flow but not during placebo administration represents pain related to abnormal sympathetic 
connections.

3. X-ray films may show patchy periarticular demineralization within 3 to 6 weeks. The extent of osteoporosis is more 
than expected from disuse alone, and it is a common abnormality revealed on radiographs; however, it is sensitive 
only 60% of the time.

4. Triple-Phase Bone Scan: The delayed phase of testing reveals diffuse periarticular radionuclide uptake in cases of 
sympathetically maintained pain. This test has shown greater than 95% sensitivity and specificity when correlated 
with strong clinical signs of sympathetic overactivity in chronic pain syndromes.

 15. What are the principles of management of SMPS?
Early diagnosis before the onset of permanent soft tissue changes is important. Aggressive physical therapy to prevent 
disuse stiffness is crucial. In addition to these ancillary measures, active treatments are designed and implemented 
based on anatomic and pharmacologic principles. However, truly permanent relief of all pain and associated symptoms 
is unusual. The first principle of management after diagnosis of SMPS is to define and treat any underlying causes of 
the pain, such as nerve compression. If this is not possible, sympatholysis or interruption of the sympathetic effector 
pathway is considered. Several possible levels of intervention in the sympathetic pathway are possible. Medical 
therapy targets the alpha

1 receptor via intravenous phentolamine (primary for diagnosis) and bretylium (for treatment). 
Phenoxybenzamine is orally efficacious but unfortunately is limited by side effects. Interruption of sympathetic flow at 
the level of the ganglion is possible as a temporary (blockade with local anesthetic injection) or permanent treatment 
(transection of sympathetic chain).

 16. How does physical therapy help?
Patients are often reluctant to participate in physical therapy because of intense pain; however, beginning with gentle 
gliding exercises and progressing to weight-bearing exercises helps to increase strength and flexibility. Gradual 
desensitization to increasing sensory stimuli also plays an important role. Gradual increase in normalized sensation 
tends to reset the altered processing in the CNS.

 17. What complications may develop with CRPS?
 • Chronic edema or lymphedema
 • Chronic relapsing infections and ulcers resistant to treatment
 • Hyperpigmentation and brawny skin changes related to long-standing edema
 • Dystonia, tremor, other movement disorders
 • Clubbing of fingers or toes, hourglass nails
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 • Recurrent unexplained spontaneous hematomas
 • Depression and other psychiatric disorders

 18. Which invasive therapies for SMPS are most effective?
The answer is not clear. Ganglion blocks, both diagnostic and therapeutic, continue to be used with a large variability 
in effectiveness. For the upper extremity, a stellate (cervicothoracic) ganglion block with bupivacaine is preferred 
over lidocaine because of its longer half-life. Not all patients experience pain relief after blocks. If a sympathetic 
block produces significant pain relief twice, denervation with radiofrequency or cryoprobe could provide long-term 
relief. In 1974, the concept of Bier block (intravenous regional block) with guanethidine was introduced. Blocks using 
guanethidine may last for 2–3 days. Blocks with bretylium or reserpine have less profound effects.

Sympathectomy remains useful in the patient with CRPS II but is less effective in those with RSD (CRPS I). Surgical 
sympathectomy appears to be more effective than intravenous sympathetic blockade, which in turn appears to 
provide better relief than ganglion blockade. In recent years, use of transcutaneous electrical nerve stimulation (TENS), 
implantable peripheral nerve stimulation, and dorsal column stimulators have provided long-term good to fair relief 
in approximately 60% of patients who had RSD (CRPS I) with pain limited to one major nerve distribution. A spinal 
cord stimulator is especially effective for refractory pain related to RSD (CRPS I), which suggests that the spinal cord 
stimulator is superior to ablative sympathectomy in the management of RSD (CRPS I).

 19. How does cigarette smoking affect RSD (CRPS I)?
Smoking causes increased plasma levels of epinephrine and norepinephrine by stimulating the sympathetic nervous 
system centrally. Peripherally, it causes vasoconstriction and decreases blood flow and ultimately may lead to ischemia. 
Both effects will exacerbate existing RSD (CRPS I) and may place patients at risk for developing RSD (CRPS I).

CONTROVERSIES

 20. Are certain people more prone to developing SMPS?
Eighty percent of patients with CRPS were noted to have had a social stressor either less than 2 months before or 1 month 
after an inciting event. When time has passed and the pain has not been treated adequately, psychological factors clearly 
become more important in the clinical syndrome. Depression is common, and personality disorders are often seen.

It has often been suggested that certain personality traits predispose a person to develop sympathetically related pain 
syndromes. A review of the literature reveals no valid evidence substantiating this claim.

 21. Can you prevent RSD (CRPS I)?
RSD (CRPS I) is still poorly understood, but several measures can be taken to minimize the risk for RSD (CRPS I), such as 
early active motion, removal of painful casts and frequent cast changes if necessary, and avoidance of painful therapy 
that increases inflammation. For patients with a history of RSD (CRPS I) who need surgery, long-acting block of the 
operative field should be administered before an incision. Keep the CNS unaware of the procedure to prevent recurrence 
of the pain cycle. In one study specifically of patients with Colles’ fractures, vitamin C may have been effective in 
preventing RSD after wrist fractures. Improvements in pain and bone density following intravenous pamidronate, 
alendronate, or clodronate also have been described in few patients.

 22. Are patients with CRPS depressed?
Much of the literature suggests a predisposing personality of depression; however, many more studies demonstrate that, 
although most patients are depressed, they are depressed because of their pain. Many patients with CRPS exhibit some 
type of movement disorder, ranging from strength reduction (78%) to tremor (25% to 60%) to myoclonus and dystonia. 
Although some authors believe these findings are pain induced, others believe they are primary abnormalities. Tricyclic 
antidepressants have been used to decrease burning pain. Gabapentin (Neurontin) and more recently pregabalin 
(Lyrica) as well as systemic steroids have been used with varying degrees of success. Other agents include the alpha

1-
adrenoreceptor antagonists terazosin and phenoxybenzamine; the alpha2-adrenoreceptor agonist clonidine; and the 
N-methyl-d-aspartate (NMDA) receptor antagonists ketamine, dextromethorphan, and calcitonin. When treatment 
reaches a plateau, invasive interventions to be considered include tunneled epidural catheters and neuroaugmentation.

 23. Is RSD (CRPS I) an autoimmune disease?
A study reported that 40% of patients with CRPS had autoantibodies against nervous system structures in their serum, 
which may indicate that CRPS can result from an autoimmune process against the sympathetic nervous system. The 
Sudeck concept of an exaggerated regional inflammatory response is supported by new data indicating that, in patients 
with acute RSD, immunoglobulin G labeled with indium 111 is concentrated in the affected extremity. At this time, this 
concept is still in the investigational phase.
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Rehabilitation of the injuRed hand

 1. What are the physiologic effects of early motion programs after tendon repair?
Experimental studies have demonstrated that early motion favors intrinsic versus extrinsic healing. Positive results of 
early motion after tendon repair include improved tendon excursion, increased tensile strength, and decreased edema 
and joint stiffness.

 2. Describe early passive mobilization after flexor tendon repair in the hand.
This technique mobilizes the repaired tendon using passive flexion and limited active or passive extension. The repair 
is immobilized using a forearm-based dorsal block splint, which limits extension of the wrist and metacarpophalangeal 
(MCP) joints. Current therapy protocols are based on one or both of the following approaches:

 • Kleinert Traction. Rubber band traction provides passive flexion and allows active extension to the limits of the splint. 
The traction is secured distally to the fingernail using a nail hook and attached proximally to the forearm portion of the 
splint. Use of a palmar pulley increases flexion at the distal interphalangeal joint (DIP) (Fig. 143-1).

 • Duran Method. The repaired tendon is mobilized using isolated passive extension of proximal interphalangeal (PIP) 
and DIP joints. The protocol is based on the need for 3 to 5 mm of tendon excursion to prevent adhesions.

Active motion is generally started by 3 to 6 weeks. Progression of treatment for individual patients varies with the level 
of scar formation and demonstrated active motion.

 3. When are early active mobilization protocols used after flexor tendon repair?
Early active mobilization may be used if the repair is sufficiently strong to withstand early motion, if the patient is 
reliable, and if the protocol is guided by an experienced therapist. The repaired tendon still is protected using splinting, 
and elements of passive mobilization are generally incorporated into the rehabilitation program. The active part of 
the program may involve gentle active muscle contraction in a limited range or use of a “place-and-hold” technique. 
A method popularized by Strickland and Cannon includes use of a tenodesis splint (hinged wrist splint limiting wrist 
extension and MP extension) combined with “place-and-hold” exercises.

Safety pin
“palmar pulley”

Velcro strap

Wrist strapDorsal splint

Anchor

Rubberband

Nylon
fishing line

Nail hook

Forearm strap

Figure 143-1. Modification of Kleinert dynamic traction splint using palmar pulley. (From Chow JA, Thomes LJ, Dovelle S, et al: Controlled 
motion rehabilitation after flexor tendon repair and grafting. J Bone Joint Surg 70B:591–595, 1988, with permission.)
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 4. Describe early passive mobilization protocols used for extensor tendons in zones  
V, VI, and VII.
Early passive mobilization protocols use a reverse Kleinert approach. The splint maintains the wrist in approximately 
45° of extension, with dynamic traction positioning the MCP (and interphalangeal [IP]) joints in 0° of extension. Active 
flexion in the splint is allowed to a predetermined level, depending on the protocol and the quality of the repair. Evans 
recommends splinting initially to provide MCP flexion equal to approximately 30° for the index and middle fingers and 
40° for the ring and little fingers to achieve 5 mm of passive tendon glide for adhesion prevention.

 5. What is the short arc motion protocol for zone III and IV extensor tendon repairs?
The short arc motion (SAM) protocol, developed by Evans, is an example of an early active motion protocol for zone 
III and IV extensor tendon repairs. Early active motion is initiated for the repaired tendon, using volar static splints as 
templates. The patient flexes and extends the joints, using minimal active muscle tendon tension (MAMTT). During 
exercise, the wrist is positioned in 30° of flexion and the MCP joint at neutral to slight flexion. The IP joints are 
maintained in an extension splint between exercises.

 • The patient actively flexes to 30° at the PIP joint and 20° to 25° at the DIP joint. If no extensor lag develops after  
2 weeks, flexion is gradually increased by 10° each week over the next several weeks.

 • With the PIP joint positioned in extension, the patient actively flexes and extends the DIP joint. Full flexion is allowed 
unless the lateral bands have been repaired, in which case flexion is limited to 30° to 35°.

 6. What are flexor tendon gliding exercises?
Tendon gliding exercises are used to obtain maximal total and differential flexor tendon glide: flexor digitorum superficialis 
(FDS), straight fist; flexor digitorum profundus (FDP), full fist; and hook (or claw) position, maximal differential glide.

 7. Describe splinting after MCP implant arthroplasty.
The patient is splinted with the MCP joints in the position of extension and neutral to slight radial deviation. Two splints 
are commonly used:

 • Dynamic Splint. This splint is used during the day to maintain joint alignment, assist extension, and provide controlled 
flexion for 3 to 4 weeks after surgery. The splint helps to train the capsule to be adequately loose in the flexion/extension 
plane and relatively tight in the mediolateral plane. Active and passive flexion exercises are done initially within the splint. 
Components of the splint may include a supinator strap to the index and taping of the little finger to the ring finger to 
provide a flexor assist. A thumb outrigger may be needed to avoid excessive radial deviation force (Fig. 143-2).

 • Static Splint. A volar splint is fabricated with the wrist in 15° to 20° of extension and MCP joints at 0° extension and 0° 
to 10° radial deviation. Thermoplastic or soft materials may be used to position the fingers. The splint is worn at night 
for up to 3 months or longer as needed.

Additional splinting for flexion may be required, including splints to block IP flexion during MCP flexion exercise and 
dynamic splinting, most commonly for the little finger.

Figure 143-2. Dynamic thermoplastic splint used to position the metacarpophalangeal joints in extension and provide controlled active 
flexion after metacarpophalangeal implant arthroplasty.
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 8. Name three possible long-term postoperative complications of MCP implant 
arthroplasty.
1. Loss of flexion or extension. In general, the goal is to achieve 0° extension and 70° flexion. According to Swanson, 

flexion of index and middle fingers is less critical and should be limited to 45° to 60° of flexion for stability.
2. Ulnar drift.
3. Fracture/dislocation of implant.

 9. Describe examples of joint protection techniques for patients with arthritis.
These techniques minimize stress to joints during daily activities and are appropriate for patients with arthritis in general 
as well as for patients who have undergone surgery such as implant arthroplasty. Examples include (1) use of larger, 
stronger joints; (2) three-point pinch (preferable to lateral pinch); (3) avoidance of deforming forces, such as twisting and 
ulnar deviation; and (4) balance of work and rest.

 10. What factors must be evaluated to determine the cause of limited passive motion?
Restricted motion may be due to soft tissue and/or joint restrictions. In evaluating limited flexion at the PIP joint, for 
example, the following factors should be considered:

 • Extrinsic Extensor Tightness. Flexion is affected by the position of the MCP joint. Flexion is decreased if the MCP joint 
is flexed.

 • Intrinsic Extensor Tightness. Flexion is affected by the position of the MCP joint. Flexion is decreased if the MCP joint 
is extended (intrinsic stretch position).

 • Joint Restrictions. Flexion is unaffected by the position of the MCP joint.

 11. When is it appropriate to initiate active motion after an intraarticular fracture of the 
PIP joint?
The initiation of active motion depends on the stability of the fracture. Early active motion is possible if rigid fixation is 
achieved, with protective splinting between exercise sessions. If less rigid fixation is used, active motion generally can 
be started at 3 weeks and passive motion at 6 weeks.

 12. What important principles must be followed in planning a treatment program after 
limited wrist arthrodesis to correct wrist instability?
Rehabilitation must be guided by the need for a stable, pain-free wrist with functional mobility. Keys to successful 
management after surgery include adequate immobilization, early active motion of uninvolved joints, a focus on 
regaining finger and thumb motion as soon as possible, and allowing the wrist to adapt gradually to its new kinematics 
through active exercise and use.

 13. Why should a patient be referred for hand therapy after a nerve injury?
Before regeneration it is important to prevent deformity and improve function through the use of splinting and to educate 
the patient about methods of compensation for loss of sensibility and autonomic function.

During regeneration goals of therapy may include sensory desensitization and reeducation, muscle reeducation and 
strengthening, and restoration of functional patterns of use.

 14. What are the potential deformities and splinting needs for radial nerve injuries?
The major problem is wrist drop from loss of wrist extensors (radial wrist extensors are spared with posterior 
interosseous nerve injury). Finger extension and thumb extension/radial abduction also are affected. Splinting options 
include wrist extension (dynamic or static), with or without finger and thumb outriggers to provide dynamic extension 
force, and the tenodesis splint, as described by Colditz (static outrigger from forearm-based splint to proximal phalanges 
reproduces tenodesis effect).

 15. What are the potential deformities and splinting needs for ulnar nerve injuries?
Ulnar nerve injuries may be high (affecting half of FDP, flexor carpi ulnaris [FCU], and ulnar intrinsics) or low (affecting 
adductor pollicis, half of flexor pollicis brevis [FPB], interossei, half of the lumbricals, abductor digiti minimi [ADM], flexor 
digiti minimi [FDM], and opponens digiti minimi [ODM]). The major deformity at both levels is claw deformity, caused by 
loss of all intrinsics to the ring and little fingers. The claw worsens as high ulnar palsy improves (increased flexion by 
FDP). A splint that prevents MCP hyperextension allows substitution by the long extensors to extend the IP joints. The 
simplest design is a figure-of-eight splint molded to the patient with thermoplastic material, which allows full flexion 
and permits functional use (Fig. 143-3).
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 16. What are the potential deformities and splinting needs for median nerve injuries?
Median nerve injuries may be high (affecting all forearm flexor/pronator muscles except half of FDP and FCU) or low 
(affecting half of the lumbricals, opponens pollicis [OP], abductor pollicis brevis [APB], and half of FPB). The major 
deformity requiring splinting at both levels is “ape hand” or loss of opposition. An opposition splint places the thumb in 
the corrected position to prevent deformity and improve function.

 17. What readily available tests are used for determining early changes in sensibility due 
to nerve compression?
Semmes-Weinstein monofilaments and vibrometry (threshold tests) have been shown to be more sensitive than 
innervation density tests such as two-point testing in identifying early changes due to nerve compression.

 18. What are the most common postural faults noted in patients with thoracic outlet 
syndrome that can be improved with therapy?
Rounded shoulders with a forward head posture; tight pectoral muscles (major and minor), with weak middle and lower 
trapezius muscles secondary to the slumped position; and tight neck flexors and scalenes with overstretched levator 
scapulae and upper trapezius muscles, which cause the forward head position.

 19. Describe the benefits of hand therapy for patients with carpal tunnel syndrome or 
other forms of cumulative trauma.
Splinting is appropriate for relative rest. Splints should be used judiciously to avoid problems such as disuse or 
development of abnormal compensatory patterns. Night splinting is recommended for carpal tunnel syndrome 
to prevent wrist flexion during sleep and median nerve compression. Exercises include active nerve and tendon 
gliding, stretching of overused tight muscles, and strengthening of opposing weak muscles, as indicated from 
evaluation. Postural assessment and training focus on the areas of malalignment, muscle tightness, or weakness. 
Work-related evaluation and modification address factors related to repetition, force, and posture, including the 
work station, work style assessment, and work requirements (e.g., production incentives and breaks). Finally, 
biofeedback training and relaxation can be used to relax muscle groups typically used in a state of sustained 
contraction.

Figure 143-3. Static figure-of-eight thermoplastic splint used to correct claw deformity.
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 20. What are the key issues in conservative treatment of cubital tunnel syndrome?
Patients with cubital tunnel syndrome need to avoid compression or stretching of the ulnar nerve at the elbow. The 
two key elements are to avoid direct pressure (leaning on elbows) and flexion greater than 90°. “Relative rest” can be 
achieved through the use of cushioned elbow sleeves or splints that prevent flexion. Ulnar nerve gliding exercises should 
be done only in a symptom-free range. As with other forms of cumulative trauma, work/activity modification is critical to 
long-term success.

 21. What are upper limb tension tests?
Upper limb tension tests assess neural tension in the upper extremity by bringing the patient through sequential motions 
designed to place the neural tissues on stretch. A positive test reproduces the patient’s symptoms and/or demonstrates 
resistance or limitations in movement. Test results are assessed in reference to expected normal responses. Butler describes 
four basic tests for the upper extremity, with different movement patterns for the median, radial, and ulnar nerves.

 22. What general principle can be used to activate a muscle after tendon transfer?
The patient is instructed to perform the original function of the transferred muscle or to combine the original function with the 
new function. For example, after an opponensplasty using the ring FDS, the thumb is opposed to the tip of the ring finger.

 23. What are some conservative interventions specific to treating musicians with 
cumulative trauma?
Conservative interventions for musicians may include postural retraining, minimalist splinting, manual techniques, and 
instrument modifications to avoid interference with instrument mechanics or fingering requirements. Air playing, visual 
review of musical scores, and a gradual increase in duration and intensity of practice/performing times may assist in 
reducing symptoms.

 24. What are some common problems that require treatment after a crush injury?
Soft tissue injury, with associated edema and scarring, may result in restriction of the intrinsic muscles of the hand, 
leading to intrinsic tightness. Exercise and splinting focuses on stretching the intrinsics (IP flexion with MCP extension). 
Another common problem secondary to edema is decreased MCP flexion. Serial splinting (thermoplastic or plaster) is an 
effective way to correct this problem.

 25. During the first 48 to 72 hours status post burn, what is the appropriate position for 
splinting the hand with dorsal thermal injuries?
The wrist should be positioned in 15° to 20° of extension, the MCP joints should be flexed to 60° to 70°, the IP joints 
should be fully extended, and the thumb should be positioned with slight IP flexion and palmar abduction. This position 
discourages edema-induced MCP hyperextension and IP flexion posturing.

 26. Name three methods for preventing hypertrophic scarring after a burn to the hand.
1. Compression, which includes Jobst garments, Isotoner gloves, and Tubigrip. In addition, inserts under compression 

garments or in conjunction with splints can be made using elastomer, other silicone-based products, or padding materials.
2. Silicone gel pads.
3. Massage.

 27. Describe examples of splints used after surgery for Dupuytren’s contracture.
Splinting to maintain extension is critical after surgery. Depending on the extent of involvement, options include the 
following:

 • Thermoplastic extension pan splint for extension of all fingers
 • Joint spring splint for extension of all joints of one finger
 • Joint jack splint for PIP extension

Serial casting can be used to increase extension at the PIP joint if it remains unresponsive to other forms of 
splinting.

 28. What are tests of maximal voluntary effort?
As part of functional testing or formal functional capacities evaluation, a battery of tests is used to determine whether 
a patient is giving maximal effort. Such testing may be necessary to help validate findings in patients who have the 
potential for secondary gain from their disability. Static strength tests are performed using the Jamar dynamometer and 
Baltimore Therapeutic Equipment (BTE) work simulator (passing scores based on coefficients of variation of 10% to 15% 
or less as well as correlation of grip test results), position of dynamometer handle test (skewed bell-shaped curve is 
anticipated with maximal effort), and the rapid exchange test using the dynamometer (increased speed of performance 
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results in decreased ability to control force at submaximal level). No single individual test has been conclusively shown 
to be an adequate measure of maximum voluntary effort. Professional judgment must be used in interpreting the results 
of multiple tests and observations.

 29. What are some of the advantages and disadvantages of whirlpool treatment versus 
direct application of heat, such as a hot pack or paraffin bath?
The whirlpool can be a modality of heat or neutrality because of the adjustability of temperature, thus not compromising 
vascularity or damaging insensitive parts. In addition, it can be used with chemical additives to decrease bacterial  
count in a small open wound, and the turbulence may assist in tissue débridement. The buoyancy of the water allows 
the patient to exercise during treatment. The primary disadvantage of whirlpool treatments is that the extremity is 
placed in a position of dependency, potentially increasing edema. Paraffin and hot packs have the advantage of being 
able to position the hand in elevation and place the hand in a position of stretch. In addition, the oil in the paraffin 
provides lubrication to dry tissues. When used for treatment of the hand, paraffin and hot packs can provide vigorous 
heating, which increases tissue extensibility, and are useful adjuncts before exercise or splinting of the stiff hand. 
Ultasound can be an effective and more direct heating agent for tissues with high protein and collagen content, 
requiring less heating time than more superficial applications of heat.

 30. How can edema in the hand be measured?
Edema can be evaluated using circumferential measurements and/or a volumeter (measures total volume of the hand 
using water displacement). Values are compared with the values from the unaffected side as well as sequentially over 
time for the involved hand.

 31. How should the edematous hand be treated?
The answer depends on the stage of wound healing. If seen acutely, the standard treatment is rest, ice, compression, 
and elevation. However, approximately 48 hours after injury or surgery, the best way to control edema is through active 
exercise and functional activity. Manual techniques to reduce edema can be used in preparation for exercise.

 32. Define categories of splints used to gain joint motion.
 • Serial static casts or splints provide a static force at end range. This method is based on the principle that tissue 
lengthens and grows in response to gentle constant tension at the end of its elastic limit. Changes are made as gains 
in motion are achieved by remolding or refabricating the cast or splint. This type of splinting is most effective in more 
chronic joint contractures or joints with a hard end feel that require steady, gentle pressure over a prolonged period. 
Additional benefits include total contact and even pressure distribution, which assist in edema reduction and increase 
wearing tolerance. Unfortunately, this type of splinting may not be removable.

 • Static progressive splints apply a steady, nonelastic force that can be progressed during each splinting session to 
accommodate improvements in motion. This type of splinting has the advantage of being removable and allows 
reciprocal splinting into flexion and extension if required.

 • Dynamic splints provide a dynamic force (e.g., from a rubber band or spring) and are most effective with joints that 
have a soft end feel.

 33. Why is it important to start therapy early, even while still casted, for example?
Patients benefit from early exercise of uninvolved joints to prevent stiffness and decrease edema and pain. The therapist 
can assist the patient in the use of adaptive devices or with modifications of the environment or of a task to increase 
functional independence. Examples of adaptive principles include increasing the diameter and/or friction of the item to 
be grasped to decrease the required force.

CONTROVERSY

 34. Describe a course of treatment of reflex sympathetic dystrophy (complex regional 
pain syndrome type I).
There is lack of consensus about almost everything related to reflex sympathetic dystrophy (RSD; also known as 
complex regional pain syndrome type I [CRPS I]), including its definition, etiology, and most effective treatment approach. 
Our approach focuses on use of specific active loading exercises. Other approaches use gentle exercise as well as a 
wide array of other modalities, with or without sympathetic blocks.

Stress loading is defined as active, sustained exercise requiring forceful use of the entire extremity with minimal motion 
of painful joints. Clinically, two simple exercises actively load the affected arm—scrubbing and carrying. The stress-
loading program follows basic principles of exercise physiology. The body adapts in response to demand. Exercise 
places a demand on the neural, vascular, and sensorimotor systems, all of which may play a role in initiating and/or 
perpetuating RSD. An overload is needed to achieve a training effect. Exercise must be of sufficient intensity, duration, 
and frequency to achieve this training effect. Theoretically, training may be due to the effect of stress-loading exercise 
on central processing abnormalities and neurovascular control mechanisms.



935the hand and upper extremity

Keys to the success of the program include maximal load, compliance, structure, and emotional support, and separation 
of treatment of RSD from that of fibrosis. Passive exercise, splinting, and other forms of therapy are used only after 
RSD is under control. During the acute stage, symptoms generally resolve within days or weeks. If the patient is first 
seen during the dystrophic stage, the time required for resolution of RSD is generally longer, and treatment of fibrosis 
inevitably will be required through conservative measures. If treatment begins in the atrophic stage, motion gains with 
stress loading may be minimal, although improvement in function and a decrease in pain still can be achieved. Surgical 
intervention may include capsuloplasty of the MCP joints, check rein release (PIP joints), and intrinsic release.
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AnAtomy of the Wrist

 1. What is the normal blood supply pattern of the scaphoid? The capitate? The lunate? 
The hamate?
The scaphoid receives its blood supply through small branches, primarily from the radial artery, that enter the bone 
through two channels. The distal pole is supplied by the palmar scaphoid branch, which enters the scaphoid through 
the palmar cortex. The dorsal scaphoid branch enters the scaphoid along the dorsal ridge of the scaphoid near the 
waist region. No consistent nutrient vessels enter the scaphoid proximally, and internally the nutrient vessels do not 
anastomose. Because the proximal pole is supplied solely by vessels entering distally and coursing proximally, the 
proximal pole is at particularly high risk for avascular necrosis with fractures proximal to the waist of the scaphoid.

The capitate is supplied by multiple nutrient vessels entering the palmar and dorsal cortices of the body of the capitate. 
Because there are no soft tissue attachments proximal to the neck, the head of the capitate depends on retrograde flow 
from the more distal nutrient vessels and is vulnerable to avascular necrosis in the case of a fracture through the neck.

The lunate has consistent nutrient vessels entering through the palmar and dorsal cortices, although there may be some 
dominance of the palmar nutrient vessels. The intraosseous anastomosis patterns have been described as forming X, Y, 
and I patterns.

The hamate has three general areas of nutrient vessel penetration: dorsal cortex, palmar cortex, and hamulus. 
The dorsal and palmar vessels have been shown to anastomose in approximately 50% of specimens. The pole of the 
hamate is without direct soft tissue attachments and therefore relies on retrograde flow from the more distal palmar 
and dorsal nutrient vessels. Thus the pole is at risk for avascular necrosis (although it is rare) in the event of a fracture. 
The hamulus typically has a rich blood supply but rarely anastomoses with the vessels entering the body of the hamate. 
This pattern may contribute to the nonunion rate in fractures of the hamulus.

 2. What is the normal percentage of force or load transmission through the ulnocarpal 
joint?
Under normal conditions, approximately 20% of the entire longitudinal force or load is transmitted through the 
ulnocarpal articulation; the remaining 80% is transmitted through the radiocarpal articulation. Factors that increase 
ulnocarpal load transmission include wrist ulnar deviation, positive ulnar variance, and pronation of the forearm.

 3. Describe the ligaments that interconnect the bones of the proximal carpal row.
The ligaments that connect the bones of the proximal carpal row are the scapholunate and lunotriquetral interosseous. 
They are similar to each other in that both are C-shaped, connecting the palmar, proximal, and dorsal regions but 
leaving the distal surfaces of the joints without direct ligamentous connections. This pattern explains why in a normal 
midcarpal arthrogram contrast material passes proximally into the clefts of the scapholunate and lunotriquetral joints. 
A normal radiocarpal arthrogram shows no passage of contrast material into the scapholunate and lunotriquetral joint 
clefts because of the intact scapholunate and lunotriquetral interosseous ligaments. In both ligaments, the palmar and 
dorsal regions are composed of true ligaments with collagen fascicles, blood vessels, and nerves, whereas the proximal 
regions are composed of fibrocartilage without blood vessels, nerves, or distinct collagen fascicle orientations. The 
differences between the two ligaments are limited primarily to the relative thickness of the dorsal and palmar regions 
and to the merging of the radioscapholunate ligament with the scapholunate interosseous ligament between the palmar 
and proximal regions. The dorsal region of the scapholunate ligament and the palmar region of the lunotriquetral 
ligament are the thickest, whereas the palmar region of the scapholunate interosseous ligament and the dorsal region of 
the lunotriquetral ligament are the thinnest.

 4. How much of the proximal surface of the lunate normally articulates with the distal 
articular surface of the radius in the neutral wrist position?
Under normal circumstances, in a frontal radiographic projection at least 50% of the proximal articular surface of 
the lunate articulates with the lunate fossa; the average is 60%. If less than 50% of the proximal articular surface 
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of the lunate articulates with the lunate fossa of the radius, ulnar translocation of the lunate is diagnosed. Generally, 
this translocation results from substantial disruption of the long and short radiolunate ligaments. In posteroanterior (PA) 
radiographs, substantial information can be gained about the position and orientation of the lunate simply by identifying 
the shape of the lunate. If the outline of the lunate is quadrangular, the lunate is dorsiflexed; if triangular in shape, the 
lunate is palmarflexed.

 5. What are the normal radiolunate and scapholunate angles as measured on a lateral 
radiograph?
Before attempting to determine intercarpal or radiocarpal angles, it is imperative to ensure that a standardized quality 
lateral radiograph of the wrist is obtained. The ulnar margin of the wrist is placed on the x-ray cassette with the shoulder 
adducted to the side, the elbow flexed 90°, and the forearm positioned in neutral rotation. The wrist is positioned in neutral 
extension, whereby the axis of the third metacarpal is within 10° of the axis of the diaphysis of the radius. Confirmation of 
a true lateral radiograph of the wrist can be made by identifying the palmar cortices of the scaphoid tubercle, the body of 
the capitate, and the pisiform. If the palmar cortex of the pisiform falls between the palmar cortices of the scaphoid tubercle 
and the body of the capitate, the wrist has been positioned within 5° of a true lateral projection and is within acceptable 
limits. If the palmar cortex of the pisiform is seen palmar to the scaphoid tubercle, the forearm is in supination; conversely, 
if the palmar cortex of the pisiform is dorsal to the palmar cortex of the capitate body, the forearm is pronated.

The axis of the radius is defined by bisecting the diaphysis in two locations and connecting the bisection points. The axis 
of the scaphoid can be determined in several manners. First, the midpoint of the proximal and distal articular surfaces 
can be estimated, and a line can be drawn between the two points. Second, a tangent to the palmar cortex of the waist 
of the scaphoid can be drawn. The axis of the lunate is best determined by drawing a cord between the distalmost tips 
of the palmar and dorsal horns of the lunate. A perpendicular line to this cord defines the axis of the lunate.

Under normal circumstances, the radiolunate angle should measure ±10° (Fig. 144-1). A positive angle indicates 
dorsiflexion of the lunate, and any value greater than +10° is labeled as dorsiflexion intercalated segment instability (DISI). 
A negative angle indicates palmarflexion of the lunate, and any value less than −10° is labeled as volarflexion intercalated 
segment instability (VISI). The normal scapholunate angle is 46°, but it has a rather wide range of variance from 30° to 60°. 
A scapholunate angle greater than 70° indicates carpal instability. A study of intraobserver and interobserver variability in 
making such measurements determined that the overall estimated error of measurement averaged 7.4°.

 6. How does the relative length of the radius and ulna, termed ulnar variance,  
change with forearm rotation?
The axis of rotation of the forearm passes through the radial head proximally and the ulnar head distally. The obliquity 
of orientation of this axis changes the orientation of the radius and ulna during pronation and supination, whereby the 
two bones are relatively parallel in supination and essentially crossed in pronation. This “crossing” generates a relative 
change in the distal projections of the two bones, whereby the radius projects less distally in forearm pronation. This 
change has implications in determining ulnar variance, which is a radiographic measurement of the relative lengths of 
the radius and ulna. This determination must be made with a PA radiograph taken with the forearm in neutral rotation. 
A pronated forearm may give the impression of positive ulnar variance (ulna projecting more distally than the radius), 
and supination may give the impression of a negative ulnar variance (ulna projecting less distally than the radius). 
Neutral forearm rotation is best ensured by taking the radiograph with the hand and wrist placed flat on the x-ray 
cassette with no wrist deviation, the shoulder in 90° abduction, and the elbow in 90° flexion.

B
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Figure 144-1. Lines for determining the scapholunate angle (A) and radiolunate angle (B).
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 7. The proximal carpal row moves in what general motion during wrist radial and ulnar 
deviation? During wrist flexion and extension?
Although there are measurable motions among the scaphoid, lunate, and triquetrum, the proximal row bones move, in 
general, in the same overall direction as the wrist. During wrist flexion and extension the proximal row bones also move 
synchronously with the distal row bones in flexion and extension, respectively. During wrist radial deviation the proximal 
row bones move primarily in flexion, whereas during wrist ulnar deviation the proximal row bones move primarily in 
extension. A simplified method for remembering these motion patterns is to realize that the proximal row bones move 
in the same flexion direction during wrist flexion and radial deviation and in the same extension direction during wrist 
extension and ulnar deviation.

 8. Why is the radioscapholunate ligament no longer believed to be a significant 
mechanical stabilizer of the scaphoid and lunate?
The radioscapholunate ligament was postulated early to behave as an important stabilizer of the scaphoid and lunate, 
based largely on its position and orientation. It is located between the long and short radiolunate ligaments and appears 
to pierce the palmar radiocarpal joint capsule. It is grossly oriented vertically and appears to attach to the proximal 
surfaces of the scaphoid and lunate. There have even been isolated reports of disruption of this ligament associated 
with scapholunate dissociation.

However, studies have defined the histology of the radioscapholunate ligament and have shown that it is highly atypical, 
composed of a large number of blood vessels and nerve fibers, with a minimal content of poorly organized collagen 
that is covered by a thick layer of synovial tissue. Furthermore, it has been demonstrated that the radioscapholunate 
ligament is a termination of an anastomosis of the anterior interosseous artery and palmar radial arch of the 
radial artery and branches from the anterior interosseous nerve. Material property studies have shown that the 
radioscapholunate ligament fails at significantly lower load levels and has a much higher strain level than do contiguous 
ligaments. Therefore, the radioscapholunate ligament behaves more as a mesocapsule than a ligament and should not 
be considered a stabilizing structure of the wrist.

 9. What are the normal anteroposterior and lateral intrascaphoid angles?
The normal PA intrascaphoid angle is less than 35°, and the normal lateral intrascaphoid angle is less than 35°. 
Patients with scaphoid malunions or nonunions with an intrascaphoid angle greater than 45° are considered 
at statistically increased risk for development of degenerative changes and show radiographic signs of carpal 
collapse. It has been found that either trispiral tomograms or computed axial tomograms may enhance the ability 
to measure these angles. The method used for determining the intrascaphoid angle in either plane measures 
the angle of intersection of perpendiculars drawn from the cords of the proximal and distal articular surface curves 
(Fig. 144-2).

 10. Describe the normal arterial blood supply of the distal radius.
Recent descriptions of the arterial blood supply of the radius have prompted the use of vascularized pedicled bone 
grafts in the treatment of scaphoid nonunions, avascular necrosis of the scaphoid proximal pole, and Kienböck disease. 
The nutrient blood vessels entering the distal radius have a consistent pattern that makes identification and isolation 
relatively easy.

The longitudinally oriented vessels arise from the radial artery, ulnar artery, or posterior division of the anterior 
interosseous artery. Three major transverse arches interconnect the longitudinal vessels and are named from proximal 
to distal: dorsal supraretinacular arch (found on the extensor retinaculum), dorsal radiocarpal arch, and dorsal 
intercarpal arch (both found in the joint capsule proper).

�
�

�

PA Lat.

Figure 144-2. Lines for determining posteroanterior (PA) and lateral intrascaphoid (Lat) angles.
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The two distinct types of nutrient vessels are the supraretinacular (SRA; between the extensor compartments) and 
compartmental (ECA; within the extensor compartments). The SRAs are numbered to reflect the compartments between 
which they are found. The ECAs are numbered according to the compartment within which they are found.

The identified nutrient vessels are, beginning radially, 1,2 SRA; 2,3 SRA; and 4 ECA. A consistent vessel found within the 
fifth extensor compartment is called the 5 ECA, but it has no direct penetration into the radius; rather, it is useful as a 
retrograde conduit to extend the length of a 4 ECA graft pedicled to the dorsal radiocarpal or intercarpal arches, through 
the proximal anastomosis of the 4 ECA, 5 ECA, and posterior division of the anterior interosseous artery (Fig. 144-3).

 11. Name the four principal ligaments of the first carpometacarpal joint.
On the palmar surface of the joint is the anterior oblique ligament, also called the “beak ligament.” Near the ulnar 
extreme of the joint is the ulnar collateral ligament. Dorsally, the ulnar half of the joint is covered by the posterior oblique 
ligament, whereas the radial half is covered by the dorsoradial ligament. There are no true ligament fibers near the 
radial extent of the joint, deep to the abductor pollicis longus tendon. The base of the first metacarpal is stabilized to the 
base of the second metacarpal by the intermetacarpal ligament, which is extracapsular and is not considered a proper 
carpometacarpal joint ligament.

 12. Describe the anatomy of the triangular fibrocartilage complex.
The triangular fibrocartilage complex is based around the triangle-shaped articular disc, which is interposed between 
the ulnar head and carpal bones. This articular disc is composed of fibrocartilage; its base is attached to the radius 
along the distal edge of the sigmoid notch. Along the dorsal margin of the articular disc is the dorsal radioulnar ligament, 
which connects the dorsal aspect of the sigmoid notch of the radius to the styloid process of the ulna. Extending from 
the dorsal radioulnar ligament in a distal direction are fibers called the extensor carpi ulnaris tendon subsheath, which 
variably extends to the base of the fifth metacarpal. Along the palmar edge of the articular disc is the palmar radioulnar 
ligament, which connects the palmar edge of the sigmoid notch to the area at the base of the ulnar styloid process, 
called the fovea. Emanating from the palmar radioulnar ligament are the ulnolunate and ulnotriquetral ligaments. Near 
the ulnar apex of the articular disc is a depression called the prestyloid recess, which is generally filled with synovial 
villi and variably communicates with the tip of the ulnar styloid process. Between the ulnar attachments of the dorsal 
and palmar radioulnar ligaments is a region of small blood vessels called the ligamentum subcruentum. The meniscus 
homologue is the edge of the articular disc distal to the prestyloid recess, which in selected coronal sections resembles 
the profile of a knee meniscus (Fig. 144-4).

 13. Where is the center of rotation of the wrist?
The center of rotation of the wrist is somewhat controversial because of the complex compound motion of all of the 
carpal bones. If taken as a unit, wrist movements have been labeled as dorsiflexion (extension), palmarflexion (flexion), 
radial deviation (abduction), ulnar deviation (adduction), axial rotation (pronation/supination), and circumduction. Any 
combination of these motions is possible, but the classic axes of rotation of the wrist have been identified as the 
flexion–extension axis and radial–ulnar deviation axis. Kinematic studies have identified the head of the capitate as the 
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Figure 144-3. Dorsal view of carpal region illustrating the arterial blood supply. The supraretinacular arteries are found between the first and 
second extensor compartments (1,2sRA) and between the second and third extensor compartments (2,3sRA). Arteries are consistently found 
within the fourth (4ecA) and fifth (5ecA) extensor compartments. c, Capitate; DicA, dorsal intercarpal arch; DRcA, dorsal radiocarpal arch; DsRA, 
dorsal supraretinacular arch; iA, posterior division of anterior interosseous artery; L, lunate; R, radius; RA, radial artery; s, scaphoid; U, ulna.
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anatomic location at which these axes intersect the wrist. A functional axis, called the “dart-throw” axis, also passes 
through the capitate but represents the motion created by throwing a dart from wrist extension and radial deviation  
to flexion and ulnar deviation. It is important to recognize that the axes of rotation are mere approximations, and that  
each individual carpal bone is considered a rigid body, displaying its own kinematics, which, when summed with  
the remaining carpal bones, creates the overall motion that we perceive as wrist motion.

 14. The midcarpal joint normally communicates with which carpometacarpal joints?
The midcarpal joint is in direct communication with the second, third, fourth, and fifth carpometacarpal joints. Only the 
first carpometacarpal joint is isolated from the midcarpal joint.

 15. Is it normal for the radiocarpal joint to communicate with the pisotriquetral joint? 
With the distal radioulnar joint?
It is estimated that in 90% of normal adults the radiocarpal joint communicates with the pisotriquetral joint, as 
evidenced by arthrography. It is considered abnormal for the radiocarpal joint to communicate with the distal radioulnar 
joint, although such communications do not necessarily imply mechanical instability. Such communications, usually 
identified with arthrography, imply a defect in the triangular fibrocartilage complex, particularly the articular disc, which 
normally isolates the two joints from communication. Degenerative changes may occur in the central aspect of the 
articular disc as early as the third decade and increase in incidence with age thereafter.

 16. Are there any normal direct tendinous insertions to any of the carpal bones?
Under normal circumstances only the pisiform has a tendinous attachment, which serves as the insertion of the 
flexor carpi ulnaris tendon. Anomalous insertions of the abductor pollicis longus and flexor carpi radialis tendons into 
the trapezium have been reported. The abductor and flexor pollicis brevis originate from the trapezium, whereas the 
abductor and flexor digiti minimi originate from the pisiform. The origin of the opponens digiti minimi from the hook of 
the hamate is variable.

 17. Is there normally substantial motion between the bones of the distal carpal row?
Kinematic studies, which define motions without reference to force, have demonstrated negligible motion between the 
bones of the distal row because of the heavy investment of interconnecting ligaments. Between each bone are strong, 
transversely oriented palmar and dorsal interosseous ligaments. In addition, deep interosseous ligaments connect the 
trapezoid to the capitate and the capitate to the hamate. Disruptions of these ligaments result from high-energy trauma, 
typically with substantial additional soft tissue disruption, and are termed axial instabilities.

 18. Is it normally possible for the lunate to articulate with the hamate?
Viegas demonstrated two broad categories of architecture of the distal surface of the lunate. The type I lunate, which 
occurs in two-thirds of normal wrists, has no appreciable articulation with the hamate. Rather, the distal surface of the 
lunate articulates solely with the head of the capitate. The type II lunate, which occurs in the remaining one-third of 
normal wrists, has a distinct sagittal ridge with an ulnar-sided fossa for articulation with the proximal surface of the 
hamate. Type II lunates have a distinct predilection to develop degenerative changes in the hamate fossa as well as to 
accompany degenerative changes on the proximal surface of the hamate.

 19. Describe the dorsal capsular ligaments of the wrist.
The dorsal capsule of the wrist is reinforced with two major ligaments, the dorsal radiocarpal (DRC) and the dorsal 
intercarpal (DIC; Fig. 144-5). In the regions between the two ligaments, the joint capsule is devoid of ligament tissue. 
The DIC ligament connects the trapezoid and scaphoid with the triquetrum, whereas the DRC ligament connects the 
radius, lunate, and triquetrum. The DIC and DRC ligaments share an insertion on the dorsal cortex of the triquetrum. 
Proximally, the dorsal radioulnar (DRU) ligament originates adjacent to the radial attachment of the DRC but is not 
considered a wrist ligament per se. The anatomic arrangement of the dorsal ligaments has been put to use by 
introducing a fiber-splitting capsulotomy, based on their orientation. This concept promises several advantages, 
including minimizing scar and stiffness, enhancing visualization and accuracy in orientation, and maintaining stability 
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Figure 144-4. Transverse (A) and dorsal (B) views of 
the triangular fibrocartilage complex (TFCC). DRUL, Dorsal 
radioulnar ligament; ecU, extensor carpi ulnaris tendon 
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when entering the wrist from the dorsal side is necessary. The DIC and DRC ligaments can be safely bisected, creating 
a radially based flap that can be extended even further by dividing the radiocarpal joint capsule from the radius to the 
level of the radial styloid process. This exposes the radial two thirds of the radiocarpal joint and virtually the entire 
midcarpal joint. To expose the ulnar third of the ulnocarpal joint, the DRC ligament can be bisected and connected to a 
capsular incision paralleling the fifth extensor compartment creating a proximally based flap.

 20. What is carpal height ratio? How is it determined?
Carpal height refers to the longitudinal length of the carpus from the distal articular surface of the radius to the 
distal articular surface of the capitate. It is a useful concept clinically because malrotation of the proximal carpal row 
bones, from problems such as rheumatoid arthritis, scapholunate dissociation, and scaphoid nonunions, may result 
in shortening of the carpal height. Detection of such shortening helps to classify the severity of the wrist abnormality. 
The problem with carpal height as a dimensional measure lies in the variability of wrist sizes, which presumably are 
proportionate to the size of the individual. In an attempt to bypass this variability, the concept of carpal height ratio 
nondimensionalizes the carpal height. In the classic method, the length of the carpus is defined along the projected 
axis of the third metacarpal, measured from the base of the third metacarpal to the point at which the projected third 
metacarpal axis intersects the distal surface of the radius. This measurement is divided by the length of the third 
metacarpal, also defined along the axis of the third metacarpal. The normal values for the carpal height ratio are  
0.054 ± 0.03. This measurement must be made from a standard PA radiograph with the wrist in a neutral position and 
the entire length of the third metacarpal visible.

Because the third metacarpal is not consistently imaged on standard wrist radiographs, an alternative method for 
determining the carpal height ratio was developed. The denominator is the greatest length of the capitate, as determined 
from a standard PA radiograph. The carpal height measurement is made in the same manner as the standard carpal 
height ratio. Using the alternative method, the normal range of the revised carpal height ratio is 1.57 ± 0.05.

BiBliography

Amadio PC, Berquist TH, Smith DK, et al: Scaphoid malunion. J Hand Surg 14A:679–687, 1989.
Berger RA, Crowninshield RD, Flatt AE: The three-dimensional rotational behaviors of the carpal bones. Clin Orthop 167:303–310, 1982.
Berger RA, Kauer JMG, Landsmeer JMF: The radioscapholunate ligament: A gross anatomic and histologic study of fetal and adult wrists. 

J Hand Surg 16A:350–355, 1991.
Berger RA: The anatomy of the ligaments of the wrist and distal radioulnar joints. Clin Orthop Relat Res 383:32–40, 2001.
Berger RA: The gross and histologic anatomy of the scapholunate interosseous ligament. J Hand Surg 21A:170–178, 1996.
Berger RA, Bishop AT, Bettinger PC: A new dorsal capsulotomy for the surgical exposure of the wrist. Ann Plast Surg 35:54–59, 1995.
Cooney WP, Linscheid RL, Dobyns JH (eds): The Wrist: Diagnosis and Operative Treatment. St. Louis, Mosby, 1998.
Garcia-Elias M: Anatomy of the wrist. In Watson HK, Weinzweig J (eds): The Wrist. Philadelphia, Lippincott Williams & Wilkins, 2001, pp 7–20.
Gelberman RH, Bauman TD, Menon J: The vascularity of the lunate bone and Kienböck’s disease. J Hand Surg 5:272–278, 1980.
Gelberman RH, Menon J: The vascularity of the scaphoid bone. J Hand Surg 5:508–513, 1980.
Jiranek WA, Ruby LK, Millender LB, et al: Long-term results after Russe bone-grafting: The effect of malunion of the scaphoid. J Bone Joint 

Surg 74A:1217–1228, 1992.
Linscheid RL, Dobyns JH, Beabout JW, Bryan RS: Traumatic instability of the wrist: Diagnosis, classification and pathomechanics. J Bone Joint 

Surg 54A:1612–1632, 1972.
Nattrass GR, King GJ, McMurtry RY, Brant RF: An alternative method for determination of the carpal height ratio. J Bone Joint Surg 76A:88–94, 

1994.
Palmer AK, Werner FW: The triangular fibrocartilage complex of the wrist: Anatomy and function. J Hand Surg 6:153–161, 1981.
Palmer AK, Werner FW: Biomechanics of the distal radioulnar joint. Clin Orthop 187:26–34, 1984.

DRC

DRU

DIC

Figure 144-5. Dorsal view of the wrist illustrating the dorsal capsule ligaments. Dic, Dorsal intercarpal ligament; DRc, dorsal radiocarpal 
ligament; DRU, dorsal radioulnar ligament.



945the wrist

Panagis JS, Gelberman RH, Taleisnik J, Baumgaertner M: The arterial anatomy of the human carpus. Part II: The intraosseous vascularity. 
J Hand Surg 8:375–382, 1983.

Sheetz KK, Bishop AT, Berger RA: The arterial blood supply of the distal radius and ulna and its potential use in vascularized pedicled bone 
grafts. J Hand Surg 20A:902–914, 1995.

Tountas CP, Bergman RA: Anatomic Variations of the Upper Extremity. New York, Churchill Livingstone, 1993.
Viegas SF, Wagner K, Patterson RM, Patterson R: Medial (hamate) facet of the lunate. J Hand Surg 15A:564–571, 1990.
Youm Y, McMurtry RY, Flatt AE, Gillespie TE: Kinematics of the wrist. I: An experimental study of radio-ulnar deviation and flexion-extension. 

J Bone Joint Surg 60A:423–431, 1978.



946

145 Ch
ap

te
r

 1. What constitutes the first part of every thorough physical examination?
A thorough history. Information about the patient’s age, handedness, chief complaint, occupation, avocational activities, 
previous wrist injury or surgery, exact onset of symptoms and their relationship to specific activities, frequency and 
duration of postactivity ache, factors that exacerbate or improve symptoms, subjective loss of wrist motion, current work 
status, and, certainly, workers compensation status complement findings noted during the physical examination and aid 
in deriving a diagnosis.

 2. Is it necessary to assess the range of motion of the wrist?
Absolutely. Every examination should begin with an evaluation of passive and active range of motion of both wrists. With 
the patient’s elbows resting on the examination table, an assessment of flexion and extension is performed. Any loss of 
passive motion compared with the contralateral, asymptomatic wrist usually is a sign of underlying carpal pathology. A 
bilateral assessment of pronation and supination is made with the examiner’s hands rotating the patient’s wrists from 
the midforearm level. Full forced pronosupination without pain eliminates the distal radioulnar joint (DRUJ) and triangular 
fibrocartilage complex (TFCC) as potential sources of the patient’s symptoms. Degenerative joint disease, dislocation of 
the DRUJ, or a substantial tear of the TFCC results in pain and diminished pronosupination.

RADIAL WRIST EXAMINATION

 3. Which carpal bone is involved in more than 95% of all cases of degenerative joint 
disease of the wrist?
The scaphoid. Periscaphoid arthritic changes involve the scapholunate advanced collapse (SLAC) pattern in 57%, the 
triscaphe (scaphotrapeziotrapezoid) joint in 27%, and a combination of these in 14%. The scaphoid is also involved in 
the etiopathogenesis of more than 90% of all ganglia.

 4. Which aspect of the wrist, radial or ulnar, is involved in the majority of carpal pathology?
The majority of carpal pathology involves the radial aspect of the wrist. Although ulnar wrist pain often presents a more 
complex diagnostic problem than radial wrist pathology, it is less common in the typical practice.

 5. How many maneuvers does the radial wrist exam include? Name them.
The examination of the radial wrist consists of five maneuvers:

1. Dorsal wrist syndrome (DWS) test
2. Finger extension test (FET)
3. Articular/nonarticular (ANA) maneuver
4. Scaphotrapeziotrapezoid (STT) test
5. Scaphoid shift maneuver (SSM)

None of these maneuvers is necessarily diagnostic by itself, nor is it intended to be. However, a diagnosis usually can 
be derived by assimilating the entire picture of wrist mechanics and pathomechanics with the history, symptoms, and 
appropriate radiographic examination.

 6. Which maneuver directly examines the scapholunate joint?
The dorsal wrist syndrome (DWS) test (Fig. 145-1). Identification of the scapholunate (SL) joint is facilitated by following 
the course of the third metacarpal proximally until the examiner’s thumb falls into a recess that lies over the capitate. 
SL articulation is readily palpable just proximal between the extensor carpi radialis brevis and the extensors of the fourth 
compartment. A normal joint produces no pain with palpation. SL dissociation, Kienböck disease, dorsal wrist syndrome 
(i.e., SL joint overloading with wrist pain secondary to SL ligamentous synovitis and/or tear preceding evidence of rotary 
subluxation of the scaphoid), or other pathology involving the SL or radiolunate joints or the lunate itself elicits pain with 
direct palpation.
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 7. Which maneuver indirectly examines the wrist with exceptional sensitivity?
The finger extension test (FET) (Fig. 145-2). The increased mechanical advantage on carpal loading during the FET 
produces a reliable indicator of carpal pathology. With the patient’s wrist held passively in flexion, the examiner resists 
active finger extension. In patients with significant periscaphoid inflammatory change, radiocarpal or midcarpal 
instability, symptomatic rotary subluxation of the scaphoid, or Kienböck disease, the combined radiocarpal loading and 
pressure of the extensor tendons cause considerable discomfort. In our experience, such patients always demonstrate 
a positive FET. The FET has become a highly reliable indicator of problems at the SL joint. Full-power finger extension 
against resistance (i.e., a negative FET) eliminates the common dorsal wrist syndrome diagnosis as well as rotary 
subluxation of the scaphoid, Kienböck disease, and SLAC wrist.

 8. Which maneuver specifically assesses synovitis of the scaphoid?
The articular/nonarticular (ANA) maneuver (Fig. 145-3). The proximal pole of the scaphoid articulates with the radius at 
the radiocarpal joint. The articular surface of the proximal scaphoid continues distally toward a junctional point along 
the radial aspect, where the surface changes from articular to nonarticular. With the wrist in radial deviation, the ANA 
junction is obscured by the radial styloid. With the wrist in ulnar deviation, the ANA junction is easily palpated just distal 
to the radial styloid. The ANA maneuver is performed with the examiner’s index finger firmly palpating the radial aspect 
of the patient’s wrist just distal to the radial styloid with the wrist initially in radial deviation. Pressure is maintained 
as the patient’s wrist is brought into ulnar deviation with the examiner’s other hand. The normal asymptomatic 
wrist demonstrates mild to moderate tenderness and discomfort at the ANA junction with direct palpation in almost 
every person. However, the patient with periscaphoid synovitis, scaphoid instability, or SLAC changes at the styloid 
experiences severe pain with this maneuver. For purposes of comparison, it is necessary to perform the maneuver 
bilaterally.

 9. Which maneuver directly assesses the STT joint?
The scaphotrapeziotrapezoid (STT) test (Fig. 145-4). Identification of the STT or triscaphe joint is facilitated by following 
the course of the second metacarpal proximally until the examiner’s thumb falls into a recess. That recess is the 
triscaphe joint. A normal joint produces no pain with palpation. Triscaphe synovitis, degenerative disease, or other 
pathology involving the joint or scaphoid elicits pain with direct palpation.

Figure 145-1. Dorsal wrist syndrome of the scapholunate (SL) 
joint. Identification of the SL joint is facilitated by following the 
course of the third metacarpal proximally until the examiner’s 
thumb falls into a recess. SL articulation is readily palpable 
between the carpi radialis brevis and the extensors of the 
fourth compartment. (From Watson HK, Weinzweig J: Physical 
examination of the wrist. Hand Clin 13:20, 1997, with permission.)

Figure 145-2. Finger extension test. With the patient’s wrist held 
passively in flexion, the examiner resists active finger extension. 
(From Watson HK, Weinzweig J: Physical examination of the wrist. 
Hand Clin 13:24, 1997, with permission.)
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 10. Which maneuver assesses the pathomechanics of the scaphoid?
The scaphoid shift maneuver (SSM), which provides qualitative assessment of scaphoid stability and periscaphoid 
synovitis compared with the contralateral asymptomatic wrist. We do not refer to the SSM as a “test” or to the findings 
of increased pain or ligamentous laxity as a “positive scaphoid shift.” Instead, laxity or discomfort with the SSM does 
not necessarily indicate pathology; however, asymmetrical laxity that reproduces the patient’s characteristic pain is 
indicative of pathology. This examination, therefore, is meaningful only when performed bilaterally.

 11. How is the SSM performed?
With the patient’s forearm slightly pronated, the examiner grasps the patient’s wrist from the radial side with the 
examiner’s same-sided hand (e.g., the examiner’s right hand is used to examine the patient’s right hand) and places 
the thumb on the palmar prominence of the patient’s scaphoid while wrapping the fingers around the patient’s distal 
radius. This position enables the thumb to push on the scaphoid with counterpressure provided by the fingers. The 
examiner’s other hand grasps the patient’s hand at the metacarpal level to control wrist position. Starting in ulnar 
deviation and slight extension, the wrist is moved radially and slightly flexed with constant thumb pressure on the 
scaphoid (Fig. 145-5).

 12. Explain the biomechanical mechanism of the scaphoid shift maneuver.
When the wrist is in ulnar deviation, the scaphoid axis is extended and lies nearly in line with the long axis of the 
forearm. As the wrist deviates radially and flexes, the scaphoid also flexes and rotates to an orientation more nearly 
perpendicular to the forearm, and its distal pole becomes prominent on the palmar side of the wrist. The examiner’s 
thumb pressure opposes this normal rotation and creates a subluxation stress, causing the scaphoid to shift dorsally 
in relation to the other bones of the carpus (Fig. 145-6). This scaphoid shift may be subtle or dramatic. In patients with 
rigid periscaphoid ligamentous support, only minimal shift is tolerated before the scaphoid continues to rotate normally, 
pushing the examiner’s thumb out of the way. In patients with ligamentous laxity, the combined stresses of thumb 
pressure and normal motion of adjacent carpus may be sufficient to force the scaphoid out of its elliptical fossa and 
onto the dorsal rim of the radius. As thumb pressure is withdrawn, the scaphoid returns abruptly to its normal position, 
sometimes with a resounding thunk.

Figure 145-3. Articular/nonarticular (ANA) junction of the 
scaphoid. With the wrist in ulnar deviation, the ANA junction is 
easily palpated just distal to the radial styloid. The ANA maneuver 
is performed with the examiner’s index finger firmly palpating the 
radial aspect of the patient’s wrist just distal to the radial styloid 
with the wrist initially in radial deviation. Pressure is maintained 
as the patient’s wrist is brought into ulnar deviation with the 
examiner’s other hand. (From Watson HK, Weinzweig J: Physical 
examination of the wrist. Hand Clin 13:19, 1997, with permission.)

Figure 145-4. Scaphotrapeziotrapezoid or triscaphe joint. 
Identification of the triscaphe joint is facilitated by following the 
course of the second metacarpal proximally until the examiner’s 
thumb falls into a recess, just ulnar to the anatomic snuffbox. 
(From Watson HK, Weinzweig J: Physical examination of the 
wrist. Hand Clin 13:20, 1997, with permission.)
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 13. What is the clinical significance of the scaphoid shift maneuver?
The scaphoid may shift smoothly and painlessly or with a gritty sensation or clicking, accompanied by pain. Grittiness 
suggests chondromalacia or loss of articular cartilage, and clicking may indicate bony change sufficient to produce 
impingement. Pain is a significant finding, especially when it reproduces the patient’s symptoms. Pain associated with 
unilateral hypermobility of the scaphoid is virtually diagnostic of rotary subluxation. A less well-localized pain associated with 
normal or decreased mobility is encountered in patients with periscaphoid arthritis, whether of triscaphe or SLAC pattern.

 14. What percentage of normal asymptomatic people have an abnormal scaphoid shift?
Of 1000 normal asymptomatic people, 209 demonstrated a unilateral abnormal scaphoid shift maneuver with 
hypermobility of the scaphoid and/or pain. This finding, which represents 21% of examined people and 10% of 
examined wrists, stresses the importance of performing the maneuver bilaterally.

ULNAR WRIST PAIN

 15. How do you examine a patient with ulnar wrist pain?
Ulnar wrist pain is a complex problem requiring a keen understanding of both intraarticular and extraarticular anatomy 
of the region. Distinguishing between abnormalities involving the DRUJ, TFCC, and ulnar carpus necessitates discerning 
soft tissue problems from bony ones. Each region of the ulnar wrist must be systematically addressed during a thorough 
physical examination.

 16. How can you rule out pathology involving the DRUJ?
An abnormality of the DRUJ, such as degenerative disease or subluxation, should be immediately suspected on the 
basis of decreased or painful pronosupination. With the patient’s hand in full ulnar deviation, significant pain elicited 
by pressing on the ulnar head by the examiner’s thumb is suggestive of DRUJ pathology. Pain produced during 
pronosupination while the ulnar head is pressed volarward and the pisiform pressed dorsally often is indicative of an 
ulnar impingement or impaction syndrome.

Figure 145-5. Scaphoid shift maneuver. The examiner 
grasps the patient’s wrist from the radial side and places the 
thumb on the palmar prominence of the patient’s scaphoid 
while wrapping the fingers around the patient’s distal radius. 
This position enables the thumb to push on the scaphoid with 
counterpressure provided by the fingers. The examiner’s other 
hand grasps the patient’s hand at the metacarpal level to control 
wrist position. Starting in ulnar deviation and slight extension, 
the wrist is moved radially and slightly flexed with constant 
thumb pressure on the scaphoid. (From Watson HK, Weinzweig J: 
Physical examination of the wrist. Hand Clin 13:21, 1997, with 
permission.)

Lateral viewA

B

Radial
deviation

Ulnar
deviation

Figure 145-6. Mechanism of scaphoid shift. A, Relationship of 
the scaphoid and radius as seen in a lateral view. In ulnar deviation 
the scaphoid dorsiflexes, and its long axis lies nearly in line with 
the axis of the radius. In radial deviation the scaphoid volar flexes; 
its long axis lies nearly perpendicular to the axis of the wrist, and 
its distal pole becomes prominent on the palmar side of the wrist. 
B, During the scaphoid shift maneuver, the examiner’s thumb 
prevents the normal palmar tilt of the scaphoid. (From Watson HK, 
Weinzweig J: Intercarpal arthrodesis. In Green DP [ed]: Operative Hand 
Surgery, 4th ed. New York, Churchill Livingstone, 1999, pp. 108–130.)
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 17. How can you diagnose a TFCC injury or tear on physical examination?
The diagnosis of a TFCC tear or injury is by exclusion. It is difficult, if not impossible, to confirm the diagnosis on the 
basis of physical examination alone. Other more common causes of ulnar wrist pain, such as degenerative joint disease 
and carpal instability, must first be excluded. Examination may demonstrate loss of forearm pronosupination and wrist 
motion, tenderness over the TFCC dorsally, and a palpable and/or audible click with forearm rotation or radioulnar 
deviation of the wrist. Suspicion of TFCC pathology requires evaluation by three-compartment wrist arthrography. 
The presence of a radiocarpal–DRUJ arthrographic communication is pathognomonic of a TFCC perforation. However, 
perforations are common and do not necessarily indicate pathology.

 18. What is the ulnar snuffbox?
The ulnar snuffbox is the depression palpated immediately beyond the ulnar styloid. This space is circumscribed by the 
extensor carpi ulnaris (ECU) and flexor carpi ulnaris (FCU) tendons, which run posteriorly and anteriorly, respectively, 
over the ulna at the wrist. In radial deviation, the floor of the depression is formed by the triquetrum. In ulnar deviation, 
the floor is formed by the joint between the triquetrum and hamate.

 19. What is the lunotriquetral compression test?
The lunotriquetral (LT) compression test directs load across the LT joint along an ulnoradial axis by palpating within the 
ulnar snuffbox. Direct pressure in this area elicits pain from a patient with LT joint instability, synovitis, degenerative 
disease, or partial synchondrosis.

 20. What are ballottement tests? How can they assess LT instability?
Ballottement tests, or shear tests, demonstrate joint instability by exerting pressure in opposite directions on 
adjacent carpal bones. Instability of the LT joint can be demonstrated by the Reagan test. The examiner’s thumb 
is used to apply pressure on the patient’s lunate dorsally while the examiner’s index finger applies pressure on 
the triquetrum volarly. The Masquelet test is another ballottement test of the LT joint in which the examiner uses 
both hands to apply shear force across the articulation. The examiner’s thumbs are used to apply dorsal pressure 
to the lunate and triquetrum while counterpressure is applied to these bones volarly by the examiner’s index 
fingers (Fig. 145-7).

 21. What is triquetral impingement ligament tear? How can it be diagnosed?
A new etiology for ulnar wrist pain that specifically involves the triquetrum has been described. The triad of localized 
triquetral pain along the proximal ulnar slope of the bone, a history of a hyperflexion injury, and normal radiographs is 
diagnostic of triquetral impingement ligament tear (TILT). The mechanism of TILT involves a cuff of fibrous tissue that 
has become detached from the ulnar sling mechanism and chronically impinges on the triquetrum, resulting in synovitis, 
bony eburnation, and pain. Point tenderness can be appreciated by palpating the ulnar aspect of the triquetrum just 
distal to the ulnar styloid.

Figure 145-7. Masquelet’s test 
of lunotriquetral (LT) instability. 
The examiner uses both hands to 
apply shear force across the LT 
joint. The examiner’s thumbs are 
used to apply dorsal pressure to 
the lunate and triquetrum while 
counterpressure is applied to these 
bones volarly by the examiner’s 
index fingers. (From Watson HK, 
Weinzweig J: Physical examination 
of the wrist. Hand Clin 13:25, 1997, 
with permission.)
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RADIOCARPAL AND MIDCARPAL 
JOINTS

 22. How can instability of the radiocarpal or midcarpal joint be evaluated?
The anteroposterior drawer test can be used to evaluate instability of either the radiocarpal or midcarpal joint. One of 
the examiner’s hands holds the patient’s hand by the metacarpals to apply axial traction while the other hand stabilizes 
the patient’s forearm. While traction is maintained, anteroposterior force is applied and a drawer is elicited first at the 
radiocarpal and then at the midcarpal joint (Fig. 145-8).

 23. What is the pivot shift test?
The pivot shift test of the midcarpal joint consists of supinating and volar subluxing the distal row of the carpus. With the 
patient’s elbow at 90°, the hand is placed in a fully supinated position while the distal forearm is held firmly. The wrist is 
maintained in a neutral position while the hand is moved into full radial deviation. The ulnar side of the carpus is forced 
into further supination and a volar subluxed position. At this point, the hand is moved from radial to full ulnar deviation. 
Midcarpal instability secondary to excessive ligamentous laxity or rupture allows the capitate to sublux volarly from the 
lunocapitate fossa during this maneuver (Fig. 145-9).

CARPOMETACARPAL JOINT

 24. Do all five carpometacarpal joints demonstrate equal motion?
Absolutely not. The carpometacarpal (CMC) joints link the digital rays with the carpus. The normal hand has no clinically 
detectable mobility at the second and third CMC joints and only several degrees of motion at the fourth CMC joint, which 
are functionally negligible. The fifth CMC joint has approximately 20° of motion, which permits functional adaptation to 
the transverse arch of the palm.

Figure 145-8. The 
anteroposterior drawer test of 
radiocarpal or midcarpal instability. 
One of the examiner’s hands 
holds the patient’s hand by the 
metacarpals to apply axial traction 
while the other hand stabilizes the 
patient’s forearm. While maintaining 
traction, anteroposterior force is 
applied and a drawer is elicited 
at the radiocarpal and then the 
midcarpal joint. (From Watson HK, 
Weinzweig J: Physical examination 
of the wrist. Hand Clin 13:27, 1997, 
with permission.)

Figure 145-9. The pivot shift 
test of midcarpal instability. This 
maneuver consists of supinating 
and subluxing volarly the distal row 
of the carpus. With the patient’s 
elbow at 90°, the hand is placed 
in a fully supinated position while 
the distal forearm is held firmly. 
The wrist is maintained in a neutral 
position while the hand is moved 
into full radial deviation. The ulnar 
side of the carpus is forced into 
further supination and a volarly 
subluxed position. (From Watson HK, 
Weinzweig J: Physical examination 
of the wrist. Hand Clin 13:27, 1997, 
with permission.)
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 25. Which is the most important of the CMC joints?
The first CMC (trapeziometacarpal) joint is functionally the most important joint of the thumb ray because it allows 
movement of the entire column of the thumb. Movements of this joint are quite complex, involving multiplanar motion 
that includes anteposition, retroposition, adduction, and abduction.

 26. Degenerative joint disease most commonly involves which CMC joint?
Although degenerative disease may involve any of the five CMC joints secondary to arthritis or trauma, the first CMC 
joint of the thumb is most commonly involved.

 27. What three tests are used to examine the first CMC joint?
1. Grind Test. The examiner places the thumb and index finger of one hand on either side of the patient’s CMC joint. 

While the metacarpal is held with the examiner’s other hand, the CMC joint is axially loaded. The examiner’s first 
hand then moves the metacarpal base laterally in several directions. Symptoms are exacerbated, grating and 
chondromalacia are palpated, and the quality of cartilage is determined.

2. Adduction Test. The examiner’s thumb is placed on the midportion of the patient’s first metacarpal while the fingers 
are placed along the length of the fifth metacarpal. The first and fifth metacarpals are then passively adducted 
toward each other with gentle pressure.

3. Abduction Test. The patient’s hand is positioned flat with the palm facing upward. The examiner’s index and 
middle fingers are placed on the volar aspect of the phalanges or metacarpal of the patient’s thumb as the thumb 
metacarpal is passively abducted into the plane of the finger metacarpals.

 28. What is the carpal boss?
The carpal boss represents a partial or complete coalition or synchondrosis of the second and third CMC joints. This 
anomaly usually is asymptomatic but may result in pain secondary to localized degenerative arthritis.

 29. How can you diagnose a carpal boss on examination?
Examination involves malalignment of the second and third metacarpals. The examiner grasps the heads of these bones 
with the thumb and index fingers of each hand and simultaneously shifts one metacarpal head volarly and the other 
dorsally. Pain with this maneuver is highly suggestive of a carpal boss.

EXTRAARTICULAR CAUSES OF  
WRIST PAIN

 30. What is the Finkelstein test?
Stenosing tenosynovitis of the first dorsal compartment, also known as de Quervain’s disease, is a common cause of 
wrist and hand pain, involving the abductor pollicis longus (APL) and extensor pollicis brevis (EPB) sheaths at the radial 
styloid process. The findings of local tenderness and moderate swelling of the extensor retinaculum of the wrist over 
the first dorsal compartment and a positive Finkelstein test confirm the diagnosis. This test is performed by having the 
patient grasp his/her own thumb within the ipsilateral palm. Moderate to severe pain is elicited as the patient’s wrist is 
brought from radial deviation into extreme ulnar deviation.

 31. What is a “wet leather” sign?
Crepitus with tendon movement, suggestive of an inflammation-induced change in the synovium or synovitis, is known 
as a wet leather sign.

 32. How can you evaluate a problem involving the sheath of the ECU?
The ECU sheath extends from the ECU groove on the ulnar head to the dorsal base of the fifth metacarpal. Conditions 
such as ECU synovitis or tendinitis, subluxation, stenosis, and partial rupture result in pain on direct palpation of the 
tendon at the level of, or just distal to, the ulnar head with the wrist in ulnar deviation.

 33. How can you diagnose a fracture or degenerative disease of the pisiform?
Pisiform fractures are uncommon, representing approximately 1% of all carpal bone fractures. Diagnosis is often 
overlooked because approximately 50% of all pisiform fractures are associated with more severe upper extremity 
injuries. In addition, pisiform fractures are missed because they are difficult to see on routine radiographs of the wrist. 
Subpisiform degenerative joint disease, usually secondary to delayed diagnosis of pisiform fractures or untreated 
injuries, is another infrequent etiology of ulnar wrist pain. Examination of the pisiform is performed quite easily by 
loading the subpisiform joint laterally as with the thumb CMC joint.

 34. How can you diagnose an injury or fracture of the hook of the hamate?
Pain secondary to an acute fracture or nonunion of the hook of the hamate may be an elusive cause of wrist pain. 
Examination of the hook of the hamate is performed by deep palpation over the tip of the hamular process in the palm 
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by the examiner’s thumb and by pressure on the dorsal ulnar aspect of the same bone with the examiner’s index 
and middle fingers. The hook is easily located by first placing the examiner’s thumb on the volar pisiform. Movement 
approximately 2 cm along a line connecting the pisiform to the head of the second metacarpal (45° angle) locates the 
hamular process.

 35. How can you diagnose flexor carpi radialis tendinitis?
Flexor carpi radialis (FCR) tendinitis, often seen in laborers who perform repetitive wrist motions, may cause pain over 
the flexor aspect of the wrist. On examination, pain is elicited by palpating over the osteofibrous FCR tunnel, which 
begins approximately 3 cm proximal to the wrist and extends to the main insertion of the FCR on the base of the second 
metacarpal. In our experience, the region of greatest acute tenderness is an area less than 1 cm in diameter centered 
where the FCR tendon enters the trapezium tunnel at the level of the wrist crease. Pain usually increases with resisted 
wrist flexion and resisted radial deviation of the wrist.

 36. What is intersection syndrome? How can it be diagnosed on examination?
Pain and swelling of the muscle bellies of the APL and EPB in the area where they cross the common radial wrist 
extensors are characteristic of intersection syndrome. This area is approximately 4 cm proximal to the radiocarpal joint. 
With severe cases, swelling, redness, and crepitus may be found. Examination of the region with gentle palpation elicits 
marked tenderness. Tenosynovitis of the second dorsal compartment is the cause of this disorder, which occurs less 
commonly than de Quervain’s disease and must be differentiated from it.

 37. What are substitution maneuvers?
Fictitious complaints presented for secondary gain can be difficult to distinguish from actual symptoms. To do so, a 
number of substitution or distraction maneuvers must be incorporated into the physical examination. These maneuvers 
take advantage of the clinician’s knowledge of wrist anatomy and biomechanics as well as the patient’s ignorance. Two 
of our own substitution maneuvers are discussed here. However, even more important than any of these maneuvers is 
understanding why they are so useful. With that understanding, a myriad of additional substitution maneuvers can be 
devised.

 • ANA Substitution Maneuver. With the wrist in radial deviation, the ANA junction is obscured by the radial styloid, and 
no amount of thumb pressure in this region results in pain. With the patient distracted, the wrist is gradually brought 
into ulnar deviation while the pressure is constantly applied. Only in ulnar deviation, with the ANA junction exposed 
to thumb pressure, should pain be elicited. Pain described while the wrist is in radial deviation should be noted as a 
positive substitution maneuver.

 • Flexor Pollicis Longus (FPL) Substitution Maneuver. A patient attempting to feign hand or wrist weakness will do so 
without knowledge of muscular innervation patterns. This becomes extremely important during examination for carpal 
tunnel syndrome, in which application of a substitution maneuver can be used to assess weakness of the thenar 
muscles. Such thenar weakness is secondary to compression of the motor branch of the median nerve. The FPL, 
which is innervated by the anterior interosseous branch of the median nerve, is completely unaffected in the worst 
case of carpal tunnel syndrome or virtually any wrist disorder. In the cooperative patient it is all but impossible to 
overcome a fully flexed FPL. Thus, FPL weakness in any patient, other than one with anterior interosseous syndrome, 
should alert the examiner.
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 1. How should the standard posteroanterior roentgenogram for examination of the  
wrist be obtained?
The standard posteroanterior (PA) view should be obtained with the elbow flexed 90 ° and the shoulder abducted 90 °. 
The hand (not the wrist) is placed palm flat on the cassette (without any flexion, extension, or deviation). The central 
beam is perpendicular to the cassette and is centered to the capitate head (Fig. 146-1).

 2. What criteria identify an adequate PA view?
 • The third metacarpal shaft has collinear alignment with the midaxis of the radius (indicating the absence of radial or 
ulnar deviation).

 • The extensor carpi ulnaris groove projects radial to the midpoint of the ulnar styloid (indicating that the elbow is at 
shoulder height).

 • The second through fifth carpometacarpal joints should be evident by recognizing parallel articular 
cortices at these joints. Lack of profile of these joints is caused by extension of the wrist or flexion at the 
metacarpophalangeal joints.

 3. Why is it important to obtain adequate PA views of the wrist?
Ulnar variance measurements should not be made on a PA view of the wrist that does not meet the criteria listed in 
Question 2 because adducting the elbow toward the patient’s side usually makes the ulna more positive (longer in 
length than the adjacent radius).

 4. How should the standard lateral view of the wrist be obtained?
The standard lateral view should be obtained with the elbow flexed 90° and adducted against the trunk. The central 
beam is perpendicular to the cassette and is centered over the head of the capitate. If the lateral view is performed 
correctly, the palmar surface of the pisiform bone is located between the ventral cortex of the head of the capitate and 
the ventral cortex of the distal pole of the scaphoid. This is termed the scaphopisocapitate relationship (Fig. 146-2).

 5. How can the lateral view be evaluated to see that the elbow was adducted to the 
patient’s side?
The ulnar styloid moves volar to the dorsal rim of the distal ulna. The distal ulnar extensor carpi ulnaris groove should not be 
seen. The ulnar styloid relationship to the distal ulna on the lateral view should be definitely different than that on the PA view.

 6. What does the scaphoid bone do on a PA view obtained in ulnar deviation?
The scaphoid elongates because it tilts dorsally. In this view the long axis of the scaphoid is seen much better than in 
the neutral PA view. This view is particularly helpful for detection of scaphoid fractures because the scaphoid waist is 
more in profile.

 7. What are the pronator quadratus and the scaphoid fat pads? What is their 
importance?
The pronator quadratus fat pad, seen on the lateral radiograph in Fig. 146-2, lies between the pronator quadratus 
muscle and the volar flexor tendon sheaths. The scaphoid fat pad (see Fig. 146-1) lies between the radial collateral 
ligament and the abductor pollicis longus tendon. These fat pats are disturbed in trauma and may suggest occult 
fractures. The fat pads are abnormal when they are bowed (convex) away from the adjacent bones.

 8. What is a Colles fracture?
A Colles fracture is a fracture of the distal radial epiphyseal or metaphyseal area with the distal fracture fragment 
displaced or angulated in the dorsal direction. The fracture may occur with or without intraarticular involvement. It is the 
most common fracture of the distal radius and occurs most often in older patients. The mechanism of injury is a fall on 
the dorsiflexed hand (Fig. 146-3).
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Figure 146-1. Standard neutral posteroanterior (PA) view of the wrist showing collinear alignment of the axis of the third metacarpal 
shaft with the mid axis of the radius. The ulnar styloid process (curved white arrow) is projected most ulnar. The extensor carpi ulnaris 
groove (black arrowhead) is radial to the base of the ulnar styloid. There is parallelism of the articular surfaces of the second through the 
fifth carpometacarpal joints (thick black arrows), indicating that the palm is flat on the x-ray cassette. The scaphoid fat pad (open arrows) is 
evident on this PA view.

Figure 146-2. Standard lateral radiograph of the wrist. The palmar 
surface of the pisiform bone (straight black arrow) is projected 2 mm 
dorsal to the distal ventral pole of the scaphoid (curved black arrow). The 
pronator quadratus fat pad (long white arrows) is seen on the lateral view 
and is straight.

Figure 146-3. Typical Colles fracture of the distal radius 
with the distal fracture fragment angulated in the dorsal 
direction (arrow).
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 9. How are Colles fractures classified?
There are several different classification schemes for distal radius fractures. The classification of Colles fractures by 
Frykman has gained wide acceptance in some areas of the world. Frykman divides the fractures into eight types based 
on the presence of intraarticular involvement of either the radiocarpal or the distal radioulnar joint and the presence or 
absence of an associated fracture of the ulnar styloid.

 10. How can ulnar styloid fractures be classified?
A fracture may be at the tip, the midportion, or the base of the ulnar styloid.

 11. What is the importance of recognizing the various sites of ulnar styloid fractures?
When a fracture involves the base of the ulnar styloid, you may suspect that the entire triangular fibrocartilage complex 
(TFCC) has been avulsed, indicating probable instability of the distal ulna.

 12. What is a Smith fracture?
A Smith fracture is a fracture of the distal radial epiphyseal or metaphyseal area with the distal fracture fragment 
displaced or angulated in the volar direction. Like a Colles fracture, a Smith fracture may occur with or without 
intraarticular involvement, and with or without an associated fracture of the ulnar styloid. The common mechanism of 
injury is a fall on the volarflexed wrist.

 13. What is the definition of a Barton fracture?
The Barton fracture is defined as an intraarticular fracture of the posterior or anterior (reverse Barton fracture) rim of the 
distal radius with (in contrast to Smith and Colles fractures) accompanying palmar or dorsal displacement of the carpus 
with the radius fragment, respectively.

 14. What is a fracture of the radial styloid process called?
A fracture of the radial styloid process is called a chauffeur’s fracture (Hutchinson fracture). It is an intraarticular fracture 
in which the fracture line usually runs through the junction of the scaphoid and lunate fossae of the radius and courses 
radially in an oblique direction. The mechanism of injury is axial compression of the scaphoid bone against the radial 
styloid.

 15. When a fracture line passes into the ulnar aspect of the scaphoid fossa or especially 
at the junction between the scaphoid and lunate fossae, what associated carpal 
abnormality should be questioned?
Look for scapholunate disruption. The force fracturing the radius in this site may propagate into the scapholunate area 
with rupture of this ligament.

 16. What is the fastest and most economical way to evaluate for scapholunate joint 
disruption?
Perform fluoroscopic evaluation of the wrist with palm flat, as in Question 1, and move the wrist in radial, neutral, 
and ulnar deviation profiling the scapholunate joint. Fist compression views are then obtained in supination view 
with the carpometacarpal joints in profile (wrist not extended) with wrist in neutral, radial, and ulnar deviation. If the 
scapholunate joint is wider (especially twice as wide) than the capitolunate joint, abnormal scapholunate joint width can 
be diagnosed (see Questions 21 and 22). This wrist should be compared with the opposite wrist as well.

 17. What is the most frequently fractured carpal bone?
The most frequently fractured carpal bone is the scaphoid. Scaphoid fractures account for 60% to 70% of all carpal 
injuries; 70% are located in the waist of the scaphoid, 20% are located in the proximal pole, and 10% involve the 
distal pole.

 18. What are the complications of scaphoid fractures?
Complications of scaphoid fractures include delayed union, nonunion, malunion, and avascular (ischemic) necrosis.  
The tendency for these complications depends on the fracture site. In general, the prognosis is best in cases 
of fractures of the distal third and worst in fractures of the proximal third because proximal fractures invariably 
compromise the blood supply of the proximal fracture fragment. Increased density of the fracture fragment is 
commonly seen in the healing scaphoid fracture, especially when examined with computed tomography (CT). This 
finding is due to decreased vascularity of the proximal pole; as a result, the proximal pole does not demineralize as 
much as the distal pole. Usually with healing, revascularization of the proximal pole occurs and density differences 
disappear. Less commonly, true necrosis, identified by fragmentation or bone volume loss, may occur. Therefore 
increased density does not indicate avascular necrosis but relatively decreased vascularity, which commonly 
disappears with time (Fig. 146-4).
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 19. What is the difference between static instability and dynamic instability of the wrist?
In general, the term carpal instability describes abnormalities in the alignment of carpal bones. Static instabilities 
are constantly present and can be diagnosed on a routine (static) radiographic examination (PA and lateral views). 
Dynamic instabilities are not always seen on routine static radiographs. Dynamic instabilities need stress or motion to 
produce the instability and therefore can be diagnosed by obtaining instability series or stress maneuvers recorded with 
videotape, fluoroscopic spots, or overhead views with applied stress.

 20. Are carpal instability patterns always unstable?
No. With major dislocations that were not treated for whatever reason, a gross instability appearance is present. 
However, with time, scarring will take place in the wrist. The scarring may cause the wrist lose its motion, but the wrist 
will be very stable due to severe scarring.

 21. What is rotary subluxation of the scaphoid?
Rotary subluxation of the scaphoid (RSS; or scapholunate dissociation) is the most frequent type of wrist instability. 
The scapholunate joint space is of abnormal width because of rupture of the scapholunate and adjacent ligaments 
and capsule. In patients with an associated rupture of the volar radiocarpal ligaments, the scaphoid bone tilts volarly. 
This condition is RSS. Because of its volar tilting the scaphoid foreshortens and displays a signet-ring shape on the PA 
neutral view. The signet ring is so called because of the appearance of a stone in the middle of a ring. The shape results 
from the distal half of the scaphoid overlapping the proximal part of the scaphoid at its waist (Fig. 146-5).

 22. Are all communicating defects or holes in the scapholunate ligament, as can be 
seen on arthrography, magnetic resonance imaging, magnetic resonance imaging 
arthrography, arthroscopy, or arthrotomy, believed to be symptomatic?
No. Incidental findings of communicating defects of the scapholunate ligament unilaterally or even bilaterally are 
common. Defects of the dorsal portion of the ligament usually are more important than those of the proximal (mid) or 
volar scapholunate ligament.

 23. What are the two major types of carpal dislocations?
Carpal dislocations can be divided into two major types: lunate and perilunate. Under normal conditions on the lateral 
radiograph, the lunate is centered over the distal radius concavity, and the capitate is centered over the distal lunate 
concavity. In general, whichever bone is centered over the radius (lunate or the capitate) is the bone considered to be 
in normal anatomic alignment. In lunate dislocation the lunate is displaced ventrally or dorsally, and the head of the 
capitate is centered over the radius. In perilunate instability the lunate remains in anatomic position, and the capitate is 
displaced from the lunate and the radius. If neither the lunate nor the capitate is centered over the radius, the condition 
can be called a midcarpal dislocation because both the lunate and capitate are separated from each other. However, 
a true midcarpal dislocation is a transverse dislocation between all the bones in the proximal and distal carpal rows, a 
condition that has not been seen by the senior author (Fig. 146-6).

Figure 146-4. Posteroanterior radiograph of a patient who suffered a scaphoid fracture, treated with a plaster cast. Clear evidence of 
increased density of the proximal fracture fragment (arrow) indicates decreased vascularity of this proximal pole. Increased density is not 
synonymous with avascular necrosis. Avascular (ischemic) necrosis with fragmentation and collapse may or may not develop.
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 24. What is the role of CT in carpal trauma?
In selected cases where routine roentgenograms are inconclusive, CT has become increasingly popular for diagnosing 
traumatic wrist disorders. CT is useful for evaluating complex carpal trauma, detecting intraarticular osteocartilaginous 
bodies, visualizing bone graft material, and determining the degree of fracture healing (Fig. 146-7).

 25. What are the advantages of magnetic resonance imaging for diagnosis of wrist 
disorders?
Magnetic resonance imaging (MRI) is the only imaging technique that allows simultaneous and direct visualization of 
bony, cartilaginous, and ligamentous structures of the wrist. Because of improvement in examination techniques and 
development of special wrist surface coils, MRI has become an important imaging technique. It is useful for direct 
visualization of the intrinsic and extrinsic wrist ligaments and their disorders and is extremely sensitive and specific 
for detection of early stages of avascular necrosis of carpal bones. In addition, MRI has become an important imaging 
technique for detection of occult wrist fractures (Fig. 146-8).

L

C

Figure 146-6. Midcarpal dislocation. The lunate (L) is 
displaced ventrally, whereas the capitate head (C) is centered 
over the dorsal portion of the radius. This condition is between 
a perilunate and lunate dislocation. Often a perilunate 
dislocation precedes or is the first stage of lunate dislocation.
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Figure 146-7. A, Axial computed tomographic (CT) scan of the distal radius and ulna. With CT, intraarticular involvement of a fracture 
and the degree of fracture fragment displacement are better demonstrated than with conventional radiographs. This example shows an 
extensively comminuted fracture of the distal radius with involvement of and displacement at the distal radioulnar joint. The top of the image 
is the volar surface of the wrist. B, Coronal CT scan of the wrist shows a scaphoid waist fracture. Sclerotic margins of the fracture fragments 
and no evidence of bony bridging of the fragments indicate nonunion of the fracture (arrow).

Figure 146-5. View of the wrist of a patient with rotary subluxation of 
the scaphoid. The scapholunate joint space (white arrow) is abnormally 
wide because of rupture of the scapholunate ligament. A signet-ring 
shape of the scaphoid (curved black arrow) is evident because of its volar 
tilting due to rupture of adjacent extrinsic ligaments.
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 26. What are the most common indications for MR arthrography of the wrist rather than 
nonarthrographic MR of the wrist?
One well-accepted indication for MR arthrography is evaluation of wrist instability or pain when the etiology is thought to 
be related to the intrinsic ligaments. When routine MR of the wrist is equivocal, MR arthrography can be of great value. 
In our institution, we believe that MR arthrography is more sensitive than routine MR in detecting ulnar-sided TFC and 
TFCC tears, evaluating the intrinsic ligaments (scapholunate and lunotriquetral), evaluating for cartilage abnormalities, 
and detecting a new tear or a re-tear in a postoperative TFC.

However, even with today’s high-resolution MR scanners and improved protocols, opinions regarding the value of MR 
arthrography for detecting partial tears of the TFC and for detecting tears of the lunotriquetral and scapholunate intrinsic 
ligaments and extrinsic ligaments tears are conflicting.

 27. What are the three compartments of the wrist that have been most commonly 
injected for imaging?
Radiocarpal, midcarpal, and distal radioulnar joints.

 28. Which of the three compartments listed in Question 27 is most commonly injected 
for wrist MR arthrography?
Radiocarpal.

 29. What is a potential pitfall with injecting only the radiocarpal joint?
Proximal noncommunicating tears or defects of the TFC and TFCC and distal noncommunicating defects of the 
scapholunate and lunatotriquetral structures may be missed.
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Figure 146-8. A, Coronal magnetic resonance imaging (MRI) of the wrist allows precise and direct visualization of the intrinsic interosseous 
scapholunate and lunotriquetral ligaments (arrows) as triangular structures of low signal intensity. B, On coronal MRI of the wrist in a patient 
with a clinically suspected scaphoid fracture, a fracture through the proximal third of the scaphoid is evident (arrows). The fracture was not 
seen on radiographs.
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Biomechanics of the Wrist

 1. Why are multiple carpal bones present in the wrist?
The function of the wrist is to position the hand optimally for specific tasks. To do so, the wrist is required to have a 
large arc of motion while maintaining its stability. Hip and shoulder joints have large arcs of motion, which are permitted 
by their fundamental design as ball and socket joints; their stability is maintained by the large muscles surrounding 
them. The wrist would become too bulky to function properly if it were surrounded by large muscles. Thus the wrist is 
designed in another way to maintain both mobility and stability—it has multilinked rows. Each link has a small range 
of motion but good stability. When assembled, the wrist combines the motions of the multiple links. The links, however, 
decrease wrist stability somewhat. To overcome this, the wrist is designed not only in multilinked rows but also in 
columns of these rows.

 2. What is meant by the term kinematics? What is the difference between kinematics 
and kinetics?
Kinematics is the description of motion, including the pattern and speed of movement sequencing by the body 
segments, that often translates to the degree of coordination an individual displays. Whereas kinematics describes the 
appearance of motion, kinetics is the study of the forces and the associated motion.

 3. From a kinematic standpoint, what is the difference between rotational and 
translational movements?
Rotation is the movement around an axis (center of rotation), whereas translation is the movement along an axis. Any 
motion between two free bodies without any restraint between them can be described by three rotations around the 
x, y, and z axes and three translations along the x, y, and z axes. Therefore the maximum degrees of freedom between 
two free bodies is six. If a joint has only pure flexion/extension (a rotation; one degree of freedom), then the joint has 
five restraining forces, such as collateral ligaments, joint architectural design, etc. In other words, the summation of the 
degree(s) of freedom and restraint force(s) is always six.

 4. In what planes do the three basic wrist movements occur?
Flexion/extension occurs in the sagittal plane with the axis of rotation occurring in the coronal plane. Radial/ulnar 
deviation occurs in the coronal plane with the axis of rotation in the sagittal plane. Pronosupination occurs in the 
transverse plane. All these are rotational movements. Translational movement in the wrist is negligible.

 5. What is the normal range of motion of the wrist?
The average normal range of motion in the wrist joint is 75° to 90° of flexion, 75° to 90° of extension, 15° to 20° of 
radial deviation, and 25° to 40° of ulnar deviation.

 6. What is the functional range of motion of the wrist?
Although different ranges of motion have been described as functional for the wrist, the most widely accepted functional 
range of motion of the wrist is 40° of flexion, 40° of extension, 10° of radial deviation, and 30 degrees of ulnar deviation, 
with which a person can perform most of the activities of daily living in a normal fashion.

 7. What is the physiologic motion of the wrist?
The wrist is radially deviated when it is extended and ulnarly deviated when it is flexed, as in a dart throwing motion. 
As the wrist is radially deviated, it flexes slightly, and vice versa.

 8. What is the columnar theory of carpal kinematics?
The column theory was first proposed by Navarro in 1935. This theory divides the carpal bones into three columns. The 
radial column consists of the scaphoid, trapezium, and trapezoid. The central column consists of the lunate and capitate. 
The ulnar column consists of the triquetrum and hamate. This theory was later modified by Taleisnik in 1976. This 
modification moved the trapezium and trapezoid to the central column. This theory explains the load transfer patterns 
through the wrist, but it does not explain movement between the proximal and distal rows.
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 9. What is the row theory of carpal kinematics?
The row theory divides the proximal row and the distal rows into two separate functional units. Although the rows  
are convenient in communication, because the scaphoid does not belong to one of the two rows but bridges the two  
and because the so-called midcarpal joint has multiple levels of joints, the theory has limitations in describing  
carpal kinematics.

 10. What is the ring theory of carpal kinematics?
Proposed by Lichtman in 1981, the ring theory connects the proximal and distal rows with a radial link, the 
scaphotrapezial joint, and an ulnar link composed of the triquetrohamate joint.

 11. What is the four-unit concept of carpal kinematics?
The four-unit concept was derived from a carpal kinematic study that showed the distal carpal bones moved as a 
single unit while the scaphoid, lunate, and triquetrum moved independently. Use of this concept in describing normal or 
pathologic kinematics of the wrist as well as stability and instability of the wrist has been proposed (Fig. 147-1).

 12. Which portion of the scapholunate interosseous ligament is strongest and most 
important for scapholunate stability?
The dorsal region of the scapholunate ligament is the strongest, requiring more than 250 N to fail, followed by the 
palmar region, failing at approximately 125 N. A reversed pattern was observed in the lunotriquetral ligament.

 13. Which are stronger, intrinsic carpal ligaments or extrinsic carpal ligaments?
The extrinsic ligaments of the wrist, such as the palmar capsular radiocarpal ligaments, are viscoelastic structures, 
exhibiting stiffness behavior proportional to strain rate with failure at approximately 100 N. The scapholunate and 
lunotriquetrial interosseous ligaments have been identified as the strongest ligaments in the wrist, requiring force 
applications greater than 300  N to fail.

 14. What is force coupling?
Force coupling is a mechanical condition where two forces that are not colinear and originate from opposing directions 
cause the object to rotate.

Because the scaphoid is aligned approximately 45° from the longitudinal axis of the forearm and wrist, the forces 
coming to it form force coupling. In other words, whenever there is compressive force through the wrist, the scaphoid 
always tries to flex.

The triquetrum, on the other side, always tries to extend because of its unique spiral articulation with the hamate.

The rotations of the scaphoid and triquetrum in opposite direction are resisted and regulated by their connection to the 
lunate at the middle via the scapholunate and lunotriquetral interosseous ligaments (Fig. 147-2).

 15. How does rotary subluxation of the scaphoid affect carpal kinematics?
Disruption or instability of the scapholunate interosseous ligament (SLIL), through either traumatic disruption or 
chronic overuse forces, will result in rotary subluxation of the scaphoid. When the SLIL is disrupted or stretched, the 

Figure 147-1. Four-unit concept of carpal kinematics.
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scaphoid will flex abnormally while the lunate and triquetrum will extend significantly during movement of the wrist. The 
capitate will flex abnormally relative to the lunate. Because the lunate, a representative of the intercalated segment, is 
dorsiflexed, this instability is referred to as a dorsiflexion intercalated segmental instability (DISI).

 16. What is a DISI deformity?
DISI is a condition in which the lunate abnormally extends relative to the radius. This instability results from disruption or 
attenuation of the scapholunate interosseous ligament.

 17. What is a volarflexion intercalated segmental instability deformity?
Volarflexion intercalated segmental instability (VISI) is a condition in which the lunate abnormally flexes relative to the 
radius. This instability results from disruption or attenuation of the lunotriquetral interosseous ligament.
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 1. By what gestational age does the carpus develop into eight distinct entities?
By the tenth gestational week. Carpal bones generally undergo membranous ossification in a predictable pattern 
(Table 148-1).

 2. What is the carpal boss?
First described as “carpe bossu” by the French physician Foille, the carpal boss is a protuberance between the base of 
either the second or third metacarpal and the articulating trapezoid and/or capitate.

 3. Describe the typical presentation of a carpal boss?
A carpal boss presents as a mass on the dorsum of the hand. It may be either painful or painless. Diagnostic evaluation 
should include a metacarpal stress test.

 4. What constitutes a metacarpal stress test?
Inducing pain by distorting the quadrangular joint. This is accomplished by pronosupination of the index and long finger 
metacarpals with the metacarpophalangeal joints flexed.

 5. What is the etiology of a carpal boss?
The cause is unclear but likely is related to repetitive trauma or periostitis near the insertion of the extensor carpi 
radialis brevis.

 6. How is a carpal boss treated?
Carpal boss can be treated conservatively with simple analgesics, immobilization, and joint injections of corticosteroids. 
Operative therapy involves complete excision of the protuberance.

 7. What is the Madelung deformity?
A congenital deformity of the wrist most often seen in girls ages 8 to 9 years. It is commonly bilateral in nature. It is 
caused by the premature arrest of the distal radial physis.

 8. With which syndrome is the Madelung deformity most associated?
Leri-Weill syndrome.

 9. Describe Leri-Weill syndrome.
Dyschondrosteosis. A mild mesomelic shortening of the long bones and short stature.

Jaiyoung Ryu, MD, and
Matthew S. Loos, MD

The PediaTric WrisT

Table 148-1. Carpal Bone Ossification

CARPAL BONE AGE AT OSSIFICATION

Capitate, hamate Fourth to fifth months of life

Triquetrum Second year of life

Lunate Fourth year of life

Scaphoid Fourth to fifth years of life (ossification begins distally 
and progresses proximally)

Trapezium, trapezoid Fifth year of life

Pisiform Ninth year of life or later
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 10. What are the two forms of Madelung’s deformity?
 • Typical : Shortened, bowed, distal radius with prominent dorsal ulnar head
 • Atypical : Distal head of radius bends dorsally and results in volar subluxation of the ulnar head; known as “reverse 
Madelung deformity”

 11. What is the treatment of Madelung deformity?
If the deformity is mild, surgical intervention usually is unnecessary. However, surgery is important in patients with 
more severe forms as a means to relieve pain and maintain functionality of the wrist. Surgery typically is avoided until 
the ages of 11 to 13 years, but there is some controversy about whether to perform the repair before or after closure 
of the physis. The surgery typically consists of a combination of ulnar shortening and radial osteotomy or radiocarpal 
arthrodesis.

 12. What is most important to preserve in the wrist abnormality associated with cerebral 
palsy and arthrogryposis?
Functionality. The wrists in patients with cerebral palsy and arthrogryposis often present as flexion contractures at the 
wrist and metacarpophalangeal joints, ulnar deviation of the wrist and adduction of the thumb.

 13. What is gymnast’s wrist?
A combination of wrist pain, fractures, and joint instability.

 14. Why does gymnast’s wrist develop?
The wrist in a gymnast is changed from a specialized joint designed for elegant motor control to a weight-bearing joint. 
The repetitive trauma exerted on the joint during training damages the triangular fibrocartilage complex, can lead to 
dysfunctional ossification of the distal radius and ulna, and fractures.

 15. What is “grip lock”?
During rotational exercises (i.e., high bars), the gymnast wears a specialized grip that contains a small dowel or 
crease to aid in holding onto the equipment. Occasionally, during rotation, this dowel or crease becomes locked on the 
apparatus, freezing the hand while the gymnast is still in motion. This “lock” can cause serious injuries ranging from 
open fractures to dislocations to ligamentous instability.

 16. Describe the stages and treatment of gymnast’s wrist.
 • Stage I : Symptomatic wrist injuries without radiographic evidence of damage. Treatment is expectant and requires 
avoidance of trauma to the wrist until the patient is pain-free (usually in approximately 1 month).

 • Stage II : Symptomatic with radiographic evidence of physeal stress injury. Treatment typically requires immobilization 
up to 3 months before returning to pain-free activity.

 • Stage III: Symptomatic with radiographic evidence of damage to the physis and secondary positive ulnar variance. 
Typically requires surgical intervention to repair the damage.

 17. What is the most common carpal bone fracture in the pediatric population?
Fracture of the scaphoid.

 18. How is the diagnosis complicated in children?
The fracture pattern in children differs than that of an adult scaphoid fracture. In children, the fracture tends to be 
in the distal third of the bone. Diagnosis involves high clinical suspicion and evidence of soft tissue damage, dorsal 
swelling, and the fat stripe sign, and radiographs. Treatment requires immobilization even if the fracture is not seen 
radiographically. Delay in treatment may lead to nonunion, avascular necrosis, instability, and arthrosis.

 19. What is the scaphoid “fat stripe” sign? What is its significance?
The scaphoid fat stripe sign involves loss of the small triangular fat density normally found between the radial collateral 
ligament and the first dorsal wrist extensor compartment. Obliteration or radial displacement of the fat stripe indicates 
a fracture of the scaphoid, radial styloid, or base of the thumb metacarpal. However, this sign usually is unreliable or 
absent in children younger than age 12 years.

 20. What are the most common fractures in children?
Distal forearm fractures. Typically due to a fall onto an outstretched hand and often associated with distal radioulnar 
joint (DRUJ) instability.
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 21. What is a Galeazzi fracture?
In adults, a Galeazzi fracture is the combination of a radius fracture with a disruption of the DRUJ. In children, a 
Galeazzi fracture is the combination of a distal radius fracture and Salter I damage to the ulnar physis resulting in DRUJ 
incompetence. Thus reduction and immobilization of the arm is all that is required as the DRUJ is not disrupted.

 22. What is a ganglion?
A ganglion is a benign, mucinous cyst of the joint capsule, tendon, or tendon sheath.

 23. What are the etiology, location, and therapy for ganglia?
 • The etiology is unclear; however, it likely is a degeneration of the fibrous tissue secondary to repetitive use.
 • Typical location for the ganglia are the scapholunate joint dorsally and the scaphotrapezial or radiocarpal joint volarly.
 • Conservative therapy in children is treatment of choice. Persistent pain may force surgical excision. The old axiom  
of crushing the ganglion with a heavy book or injection often leads to recurrence.

 24. What is the most common connective tissue disorder in children?
Juvenile arthritis.

 25. Describe pauciarticular, polyarticular, and systemic-onset juvenile arthritis.
 • Pauciarticular Juvenile Arthritis: Four or fewer joints involved, with the ankles and knees the most typically afflicted. 
Chronic eye inflammation is common and can lead to irreversible damage if not treated. Girls are most often affected 
by the early form between the ages of 1 and 5 years. Fifty percent of these girls are antinuclear antibody positive.  
The late form typically affects boys in their large joints.

 • Polyarticular Juvenile Arthritis: Usually involves five or more joints. The large joints are mostly affected and are 
associated with rheumatoid factor. Patients with rheumatoid factor positivity are almost always female and have a 
worse functional prognosis in the long term.

 • Systemic-Onset (Still’s Disease) Juvenile Arthritis: Found in children associated with high fevers and rheumatoid rash. 
Can be associated with growth delay, organomegaly, osteopenia, anemia, leukocytosis, and thrombocytosis.

 26. What are the most common initial and long-term manifestations of juvenile arthritis?
Early on, patients experience stiffness, synovitis, and tenosynovitis. As the disease progresses, a flexion/ulnar deviation 
deformity can develop.

 27. Describe the therapeutic options for juvenile arthritis.
All patients with juvenile arthritis require an ophthalmologic evaluation. Treatment consists of maintaining functionality 
through physical and occupational therapy. Nonsteroidal antiinflammatory drugs and other medications are used initially, 
and as many as 50% to 75% of children respond to this therapy within the first 3 months. If the conservative approach 
fails, synovectomy, tenosynovectomy, contracture release, and even osteotomies often are necessary to relieve pain  
and improve motion.
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Fractures oF the carpal Bones

 1. What is the relative incidence of carpal fractures?
 • Scaphoid: 79%
 • Triquetrum: 14%
 • Trapezium: 2.3 %
 • Hamate: 1.5%
 • Lunate: 1%
 • Pisiform: 1%
 • Capitate: 1%
 • Trapezoid: 0.2%

 2. What is the blood supply to the scaphoid? Why is it important ?
The superficial palmar branch and the dorsal carpal branch of the radial artery feed the distal pole of the scaphoid. 
Intraosseous vessels flow retrograde to supply the proximal pole. Fractures through the scaphoid waist can sever the 
blood supply to the proximal pole, leading to avascular necrosis (AVN) of the proximal fragment in as many as one third 
of cases. An even higher incidence of AVN is found in more proximal fractures. AVN is associated with nonunion and 
persistent symptoms of pain or instability of the wrist (Fig. 149-1).

 3. What is the typical presentation of a scaphoid fracture?
The typical patient is a young man who has fallen on an outstretched palm and extended wrist. He presents with pain 
and swelling of the radial wrist. Tenderness in the anatomic snuffbox should lead to a presumptive diagnosis of fracture 
until radiographic examination proves conclusively negative.

 4. What is the anatomic snuffbox?
It is a small triangular depression just distal and dorsal to the radial styloid. The extensor pollicis brevis (EPB) and 
abductor pollicis longus (APL) form its volar border as they run together in the first dorsal compartment of the wrist. The 
extensor pollicis longus (EPL) forms the dorsal border. Extension of the thumb demonstrates the borders best. With ulnar 
deviation the scaphoid is uncovered by the radial styloid and is palpable at the floor of the snuffbox.

 5. What radiographic views should be included in the initial workup of a scaphoid fracture?
Four views have been found to identify 97% of scaphoid fractures: one posteroanterior (PA), one lateral, and two oblique 
projections (supinated oblique and pronated oblique). The clenched fist position or active ulnar deviation in the PA view 

Volar

Superficial
palmar branch

radial artery

Dorsal
carpal branch
radial artery

Radial artery

Dorsal

Figure 149-1. The dorsal blood supply to the scaphoid via the dorsal carpal branch of the radial artery and the volar blood supply via the 
superficial palmar branch of the radial artery enter the distal pole of the scaphoid. Blood supply to the proximal pole is intraosseous and retrograde. 
Fractures to the waist of the scaphoid disrupt this intraosseous supply and may lead to avascular necrosis of the proximal pole. (From Amadio PC, 
Taleisnik J: Fractures of the carpal bones. In Green DP [ed]: Operative Hand Surgery, 3rd ed. New York, Churchill Livingstone, 1993, p 801.)
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places the scaphoid more parallel to the film and improves visualization of the fracture. Several authors favor the ulnar 
deviation PA view in lieu of the supinated oblique. The lateral view helps to visualize fractures in the coronal plane and 
to assess the degree of scaphoid fracture angulation.

 6. What is an occult scaphoid fracture?
A completely nondisplaced fracture or occult fracture may not appear on plain films initially. A period of 10 to 14 
days may be required for resorption to occur at the fracture site before the fracture is visible radiographically. 
Alternatively, a bone scan may provide this information sooner. A negative scan excludes a fracture; a positive 
scan may warrant trispiral or computed tomographic (CT) studies to confirm the presence of fracture and define its 
anatomy.

 7. What is the navicular fat stripe sign?
It is a small radiolucent line in the soft tissues radial to the carpus as seen on the PA view. A preserved fat stripe or 
fat pad is evidence that the scaphoid is intact. Fracture leads to radial displacement or (usually) obliteration of the 
fat stripe.

 8. What are the important classification systems of scaphoid fractures?
The middle third or waist of the scaphoid is the most common location of injury. Most treatment recommendations 
are directed to waist fractures, which Russe subclassifies by the anatomy of the fracture. The plane of the fracture is 
defined in relation to the long axis of the scaphoid. Horizontal oblique fractures, the most frequent of the wrist fractures, 
are perpendicular to the long axis of the limb but oblique in relation to the longitudinal axis of the scaphoid. They are 
stable and should heal with 6 to 8 weeks of immobilization. Transverse fractures are less common and less stable. They 
are perpendicular to the long axis of the scaphoid but oblique in relation to the long axis of the limb. Healing occurs in  
6 to 12 weeks. The rare vertical oblique pattern is less stable and requires even longer immobilization because it is 
more subject to shear forces along the long axis of the limb.

Cooney and others have recognized the importance of fracture displacement and angulation in predicting stability. For 
patients with displacement greater than 1 mm found on any radiographic view, nonunion rates climb 10- to 20-fold. 
Angulation, which is suggestive of carpal instability, also contributes to nonunion. Examples include scapholunate 
angle greater than 60° or radiolunate angle greater than 15°. Herbert reported an alphanumeric classification scheme 
that incorporates fracture anatomy, chronicity, and stability factors. Unstable or type B fractures include distal oblique, 
complete waist, proximal pole, and transscaphoid perilunate fracture dislocations. Prognostic information based on this 
system is being developed as the system is adopted by other authors (Fig. 149-2).

 9. How does a scaphoid fracture contribute to wrist instability?
The wrist can be envisioned as a three-bar linkage with the distal carpal row, the proximal row, and the radius forming 
links in a chain. Like a chain, this construct is stable in tension but unstable in compression. It requires a stabilizing bar 
to support compression. The scaphoid provides this stability by its connection distally to the capitate and proximally 
to the lunate. Disruption of the scaphoid renders the carpus unstable and subject to collapse. The radius, lunate, and 
capitate then no longer are colinear. Most frequently, the lunate tilts dorsally with the attached proximal pole of the 
scaphoid. Loading of the distal fragment by the trapezium and trapezoid favors axial compression, causing the distal 
fragment to flex while the proximal fragment extends, thus creating a volar flexed “humpback” position of the scaphoid. 
This deformity contributes to delayed healing of the fracture because it maintains malalignment across the scaphoid 
waist (Fig. 149-3).

 10. What are the essentials of closed treatment of scaphoid fractures?
In most cases, unstable scaphoid fractures are treated with open reduction internal fixation (ORIF). Stable or 
nondisplaced fractures can be treated by closed methods. Use of short or long arm casting is controversial. Although 
reports show a statistically significant decrement in healing time with inclusion of the elbow, short arm casting of 
stable scaphoid fractures yields a 95% union rate in an average of 11 weeks. Therefore stable fractures can be 
treated in a short arm thumb spica cast. However, inclusion of the elbow is recommended by several authors for initial 
immobilization followed by short arm casting until radiographic union. Electrical stimulators have been used to promote 
healing of the scaphoid, but prospective double-blind studies demonstrating efficacy are lacking. This type of therapy is 
much more costly than is casting alone.

 11. What are the indications for operation on a fracture of the scaphoid?
Displacement greater than 1 mm or angulation demonstrated by a scapholunate angle greater than 60° or a radiolunate 
angle greater than 15° is considered significant. Displaced or angulated fractures, fractures that demonstrate no 
healing at 6 to 12 weeks, and nonunions that have failed closed treatment after 6 months are best treated surgically. 
Very proximal fractures, which are at higher risk for nonunion and AVN, also are good candidates for surgical treatment. 
Indeed, routine internal fixation is recommended for these proximal fractures.
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Figure 149-2. The Herbert 
alphanumeric classification system 
of scaphoid fractures. (From Amadio 
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Figure 149-3. The three-bar linkage model of the wrist predicts stability in tension (A) and collapse in compression (B) unless an 
additional stabilizing link is added to the construct (C). C, Capitate; L, lunate; R, radius; S, scaphoid, the stabilizing link. (From Amadio PC, 
Taleisnik J: Fractures of the carpal bones. In Green DP [ed]: Operative Hand Surgery, 3rd ed. New York, Churchill Livingstone, 1993, p 863.)
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 12. What surgical options are available?
Internal fixation with K-wires is indicated for fractures associated with dislocation or ligamentous instability. Smooth 
wires are useful for fixing an avascular fragment; a minimum of three wires is needed. The Herbert screw is a proven 
method for osteosynthesis of the scaphoid. The larger pitch of the leading threads compared with the trailing threads 
is designed to provide compression across the fracture. The screw is countersunk below the articular surface and 
generally is not removed. The internal fixation provided by the screw allows more rapid mobilization of the wrist. Russe 
described using iliac crest strips alone for fixation to improve healing potential. Healing rates are comparable to those of 
the Herbert screw plus bone graft. Recognizing the problems associated with the flexion or “humpback” deformity, Fisk 
and Fernandez described the use of a volar-placed wedge of bone to reduce the deformity. This corticocancellous graft 
can be fixed with wires or a screw at the nonunion site. Use of a vascularized bone graft swung on a pedicle has been 
described for failed grafts. Several techniques are described, including osteotomy of a portion of the pronator quadratus 
insertion, which is rotated distally with a strip of muscle attached.

 13. What differences are seen in pediatric scaphoid fractures?
Most commonly they are located in the distal third (59%) and tubercle (33%). Few are displaced. They can and should 
be treated by closed technique until skeletal maturity unless they are grossly displaced.

 14. Describe the surgical approaches to the scaphoid.
The key landmarks of the volar or Russe approach are the tuberosity of the scaphoid and the tendon of the flexor carpi 
radialis (FCR). A curvilinear skin incision that crosses the wrist crease obliquely should allow access to both landmarks. 
Longitudinal division of the deep fascia radial to the FCR allows radial retraction of the radial artery and ulnar retraction 
of the FCR and palmar cutaneous branch of the median nerve. The volar radiocarpal joint capsule can be incised to 
expose the scaphoid. The exposure is extended by division of the thenar origin distally and the pronator quadratus 
proximally.

The dorsolateral approach to the scaphoid has the disadvantage of crossing the branches of the superficial radial 
nerve as well as endangering the blood supply to the scaphoid; however, it provides better access to the proximal pole. 
The nerve is retracted in a dorsal or volar direction as needed. The extensor fascia is divided longitudinally, and the 
artery is exposed and retracted volarly with care to preserve the dorsal carpal branch. The proximal pole is then well 
demonstrated by ulnar deviation of the wrist.

 15. Can the scaphoid be fixed arthroscopically?
Patients with nondisplaced scaphoid fractures who cannot commit to 8 to 12 weeks of immobilization are candidates  
for arthroscopically assisted fixation using the Herbert-Whipple screw, a cannulated modification of the Herbert screw.  
A guidewire is placed under arthroscopic guidance across the fracture, and a second, parallel wire is used for  
derotation. The screw is introduced volarly through a small incision and passed over the guidewire.

 16. What is Kienböck’s disease? How is it related to fractures of the lunate?
Fractures of the lunate are rare when distinguished from Kienböck’s disease or AVN of the lunate. The etiology of 
Kienböck’s disease is uncertain. It is possible that in some cases a fracture predisposes the bone to AVN, which leads to 
later collapse. Alternatively, other factors may impair blood flow to the bone, causing the necrosis, which, in turn, leads 
to collapse and fracture (see Chapter 150).

 17. What is the typical presentation and workup of a triquetral fracture?
Isolated triquetral fractures commonly are avulsion or shear fractures from a hyperextension injury with ulnar wrist pain, 
swelling, and tenderness. Wrist hyperextension may cause the hamate or ulnar styloid to impinge on the triquetrum, 
causing a dorsal shear fracture. Acute wrist palmar flexion may lead to an avulsion fracture by the dorsal radiotriquetral 
ligament. Oblique radiographs are the most helpful. Treatment in a splint is adequate. Triquetral fractures are also 
associated with perilunate fracture dislocation. Simple fractures are treated with splint immobilization.

 18. How are pisiform fractures best diagnosed and treated?
Pisiform fractures, which typically result from a direct blow, present with ulnar and volar wrist pain and unmistakable 
tenderness. Supinated oblique and carpal tunnel radiographic views are most helpful. Cast treatment has not proved to 
alter the natural history of the injury, but several authors recommend it over splinting. Symptomatic nonunions do well 
with excision of the pisiform.

 19. What rare carpal fracture is associated with cyclists?
Trapezial fractures, which are seen best with a Bett’s oblique view of the trapezium, can be treated by closed technique 
in a short arm thumb spica cast if nondisplaced. Displacement is often intraarticular and requires ORIF. Nonunion is 
treated with partial or total excision, fusion, or interposition arthroplasty.
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 20. Which carpal fracture is associated with golf and racquet sports?
Fractures of the hook of the hamate. A dull ache in the ulnar wrist (even dorsally) or hypothenar eminence may be 
associated with chronic and acute trauma to the area, especially in golf, baseball, or racquet sports. The symptoms are 
aggravated by lateral movement or flexion of the little finger. Diagnosis requires radiographic evaluation that includes 
oblique and carpal tunnel views. Standard or computed tomography of the wrist may be needed to clarify the plain film 
images. Immobilization reduces the risk of nonunion. Excision provides reliable relief for patients who fail conservative 
therapy for symptomatic nonunion.

 21. What is scaphocapitate syndrome?
Scaphocapitate syndrome is caused by fractures through the waist of the capitate and scaphoid waist with rotation of 
the proximal capitate fragment 90° to 180°. If recognized early (3 to 4 weeks), both fractures can be treated with ORIF. 
Injuries recognized late can be treated expectantly, with arthrodesis reserved for persistent symptoms. AVN is a sequel 
to chronic or acute injury of the capitate because the blood supply to the proximal pole is tenuous.

 22. How do scaphoid fractures contribute to wrist arthritis?
Patients with a symptomatic nonunion of the scaphoid have been shown to undergo a predictable pattern of wrist 
arthritis. Because the distal fragment is unrestrained after fracture, it tends to rotate. This rotation makes the distal 
articulations incongruous and promotes degenerative change. The proximal articulations are spared because they are 
spherical and because the proximal fragment remains stabilized by the radioscaphoid and scapholunate ligaments. 
The pattern of degeneration is similar to that seen in cases of rotatory subluxation of the scaphoid, also known as 
scapholunate advanced collapse (SLAC) wrist. This refers to a pattern of progressive joint space and cartilage loss that 
begins at the radial styloid and progresses down the radioscaphoid articulation. The capitolunate and scaphocapitate 
articulations are later involved. Still further progression leads to hamatolunate degeneration and scapholunate 
dissociation as the capitate migrates proximally. The radiolunate articulation is always spared (see Chapter 155).
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 1. What is Kienböck’s disease?
Avascular necrosis (AVN) of the lunate. To varying degrees, collapse of the lunate is associated with avascular changes. 
This pathologic process may progress to carpal collapse and ultimately result is pancarpal arthritis.

 2. What age-group and sex are most commonly affected?
The most common age-group affected is 20 to 40 years old. The male-to-female ratio is 2:1.

 3. What is the cause?
Theories related to the etiology of Kienböck’s disease are numerous and varied. In 1843, before the advent of 
radiographs, Peste described lunate collapse in anatomic specimens. He attributed this finding to an acute, traumatic 
event. In 1910, Robert Kienböck noted collapse and sclerosis of the lunate on radiographs and attributed them to 
progressive vascular compromise resulting from repetitive wrist sprains and contusions. Based on the radiographic 
association of identifiable fracture lines and lunate collapse, some authors believe that the characteristic lesions result 
from failure of lunate fractures to unite. Intrinsic factors such as ulnar variance, lunate vascularity, and intraosseous 
pressure gradients also have been implicated as etiologic agents of Kienböck’s disease.

 4. What is ulnar variance?
Ulnar variance is the relationship between the distal articular surfaces of the radius and the distal ulna. Zero variance 
refers to level articular surfaces. Ulnar-minus variance is a relatively short ulna with respect to the radius or an ulna with 
a more proximal articular surface. Ulnar-plus variance refers to a long ulna relative to the distal radius.

 5. What is the significance of ulnar variance to Kienböck’s disease?
Data indicate a higher incidence of ulnar-minus variance in patients with Kienböck’s disease compared with the general 
population. Laboratory studies confirm that shortening the ulna results in increased shear stress across the lunate. 
These forces are translated across the lunate, particularly in dorsiflexion and ulnar deviation. However, not all authors 
agree that ulnar variance is a clinical factor. For example, certain Asian populations show less correlation between 
variance and Kienböck’s disease.

 6. Does lunate vascular anatomy influence AVN?
The extraosseous blood supply to the majority of lunates consists of contributions from the radial, ulnar, anterior 
intraosseous, and deep palmar arch arteries. These arteries coalesce to form a rich vascular plexus on the dorsal and 
palmar lunate surfaces. Furthermore, most lunates have a complex intraosseous network of anastomoses between the 
dorsal and palmar vessels. However, some lunates have only a single palmar vessel with minimal internal branching, 
especially to the proximal surface. These are the lunates that may develop AVN after traumatic arterial disruption. Data 
demonstrate that, in Kienböck’s disease, intraosseous pressure in the lunate is higher than measurements obtained 
from the radial styloid, capitate, and normal lunates. This finding may imply that venous congestion rather than primary 
arterial insufficiency is the precipitating event.

 7. What are the symptoms of Kienböck’s disease?
The sine qua non of Kienböck’s disease is wrist pain. Although the patient may relate a precipitating traumatic event, the 
symptoms usually are insidious in onset. In early stages, pain is localized to the area of the lunate and is associated with 
symptoms of inflammation such as swelling and pain with motion. As the disease progresses, patients report stiffness, 
clicking or grinding, and a concomitant crescendo in pain. Late-stage symptoms are consistent clinically with carpal 
degenerative arthritis.

 8. What are the physical findings?
Varying degrees of swelling may be found along the dorsum of the wrist, particularly in comparison with the 
contralateral side. Palpation demonstrates tenderness dorsally about the lunate. Depending on the severity of the 
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disease, grip strength may be decreased and range of motion may be painful. Later in the disease, the range of motion 
decreases, and grinding and crepitus with motion may be present.

 9. What are the radiographic findings?
Although the radiographs initially may be normal, later they typically demonstrate increased density of the lunate 
accompanied by fracture lines, fragmentation, and progressive collapse. Advanced collapse is associated with proximal 
migration of the capitate, increased intercarpal widening of the proximal row, and permanent flexion of the scaphoid. 
The latter exhibits the characteristic ring sign on anteroposterior view.

 10. What features are found on magnetic resonance imaging?
AVN typically involves the lunate in a diffuse pattern. The hallmark finding of AVN is a uniformly decreased signal 
intensity on both T1- and T2-weighted images.

 11. What role does magnetic resonance imaging serve in managing Kienböck’s disease?
The sensitivity and specificity of magnetic resonance imaging (MRI) for carpal AVN are well suited for the diagnosis of 
Kienböck’s disease. MRI is particularly useful is early stages when clinical findings are suggestive but radiographs are 
negative. Diagnosis in the early stage provides the basis for instituting the appropriate treatment. Early increased signals 
on T2 images imply revascularization and a good prognosis.

 12. What is the differential diagnosis?
The differential diagnosis most typically includes rheumatoid arthritis, posttraumatic arthritis, synovial-based 
inflammatory diseases, fractures, carpal instability, and ulnar abutment syndromes.

 13. Can children develop Kienböck’s disease?
There are a number of case reports of Kienböck’s disease in the pediatric age-group. To date the youngest child 
diagnosed with Kienböck’s disease is 8 years old.

 14. What are the clinical differences between Kienböck’s disease in adults and in 
children?
Symptoms, physical findings, and radiographic studies are essentially the same in adults and children.

 15. Is treatment the same for Kienböck’s disease in adults and in children?
Data suggest that children younger than 12 years respond to conservative treatment alone. Children older than 12 years 
respond favorably to surgery, similar to adults.

 16. What are the stages of Kienböck’s disease?
The Lichtman classification is used to evaluate Kienböck’s disease and to decide the most appropriate treatment:

Stage I : Radiographs are normal. Technetium bone scans are characteristically “hot,” and MRI demonstrates diffuse 
decreased signals on T1- and T2-weighted images. Physical findings are indistinguishable from a wrist sprain (Fig. 
150-1).

Stage II : Density changes isolated to the lunate as indicated by sclerosis. The lunate may demonstrate fracture lines or 
minimal collapse on its radial border. However, its overall size, shape, and relationship to the carpal bones are not sig-
nificantly altered. Clinically stage II is represented by recurrent pain, swelling, and wrist tenderness (Fig. 150-2).

Stage III : Collapse of the lunate. Anteroposterior views show a shortened lunate and elongation in the sagittal plane, 
accompanied by proximal migration of the capitate. Stage IIIA is characterized by no fixed carpal derangements or 
instability. Stage IIIB involves fixed rotation of the scaphoid, decreased carpal height, and ulnar migration of the tri-
quetrum. Clinically stage III is characterized by progressive weakness, stiffness, and pain. Clicking and clunking are 
also noted (Figs. 150-3 and 150-4). Stage III B is now defined by a radioscaphoid angle greater than 60°.

Stage IV : In addition to the radiographic findings of stage IIIB, stage IV is associated with generalized degenerative 
changes in the carpus. Clinically this stage is indistinguishable from degenerative arthritis of the wrist (Fig. 150-5).

 17. How are the various stages of Kienböck’s disease treated?
See Fig. 150-6.

 18. Does immobilization have a role in the treatment of Kienböck’s disease?
In stage I, immobilization in a well-fitted short cast for up to 3 months is recommended. Although immobilization may 
not eliminate all axial loads encountered during routine activities of daily living, it may provide an opportunity for the 
lunate to heal (revascularize). A trial of 3 months immobilization should be done in children, especially if the T2-weighted 
MRI shows increased uptake.
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Figure 150-2. Stage II. Density 
changes in the lunate as indicated by 
sclerosis. Note ulnar-minus variance.

Figure 150-1. Stage I. T1-weighted 
magnetic resonance image shows 
marked signal reduction in the lunate, 
compatible with loss of blood supply.
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Figure 150-3. Stage IIIA. Collapse 
of the lunate. There are no fixed 
carpal derangements.

Figure 150-4. Stage IIIB. Decreased carpal 
height and proximal migration of the capitate. The 
lateral radiograph demonstrates a radioscaphoid 
angle greater than 60°.
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 19. How about simply excising the lunate?
Excising the lunate alone does not prevent proximal migration of the capitate and carpal instability secondary to 
disruption of perilunate ligaments.

 20. What about lunate excision arthroplasty?
Historically both autogenous and synthetic “spacers” have been used for lunate excision arthroplasty. Spacers are rarely 
used today because placement of an anchovy tendon graft, such as a coiled palmaris longus tendon, precludes direct 
or indirect lunate revascularization procedures used for early stages of Kienböck’s disease. Furthermore, in advanced 
stages, spacers alone may not provide enough support to inhibit carpal collapse. Artificial spacers such as silicon 
implants are no longer recommended because of the incidence of complications such as particulate synovitis and cyst 
formation in adjacent bones.

 21. Does altering ulnar variance affect revascularization?
Both clinical and biomechanical studies support the benefit of joint-leveling procedures, either radial shortening or 
ulnar lengthening. Such operations significantly decompress the lunate by redistributing the axial load from the lunate 
to the radioscaphoid and ulnocarpal joints. The lunate then presumably will revascularize spontaneously (indirect 
revascularization). We recommend radial shortening for stage II or IIIA disease before significant lunate collapse occurs. 
This procedure is indicated only for the typical ulnar-minus case.

 22. Can a lunate be revascularized by direct vessel reimplantation?
In the early stages of Kienböck’s disease, various direct revascularization techniques have been successful in reversing 
the process of lunate collapse. Operations such as vascular bundle transfer of the second dorsal intermetacarpal artery 
and vein, pronator quadratus pedicled bone grafts, and pedunculated pisiform transfers have demonstrated restoration 
of the lunate viability. However, the success of direct revascularization is predicated on performing the procedures 
before significant collapse occurs. We use these procedures for stage II to IIIA disease in ulnar-plus cases (in which 
additional radius shortening is contraindicated).

 23. When should intercarpal arthrodesis be considered?
Intercarpal arthrodesis for stage IIIB Kienböck’s disease (carpal instability) provides a number of advantages. Although 
arthrodesis biomechanically unloads the lunate and encourages indirect revascularization, the premise of these procedures 
in stage IIIB is to address the carpal instability, that is, proximal migration of the capitate and scaphoid flexion. Furthermore, 
limited fusions are durable and maintain functional wrist mobility. A necrotic or fragmented lunate should be excised.

Figure 150-5. Stage IV. Generalized 
degenerative changes in the carpus.
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 24. Which intercarpal arthrodesis is most appropriate?
A triscaphe (scaphotrapeziotrapezoid [STT]) or scaphocapitate (SC) fusion is recommended in stage IIIB. Both procedures 
place the scaphoid in its anatomic position in reference to the scaphoid fossa and provide stability to the midcarpal joint. 
Other intercarpal fusions (e.g., triquetrohamate fusion) have been investigated but do not unload the lunate biomechanically.

 25. What salvage procedures are preformed for advance disease?
In the presence of pancarpal arthrosis (stage IV Kienböck’s disease), either a proximal row carpectomy (PRC) or total wrist 
fusion is recommended. Factors such as the patient’s physical demands, occupation, preexisting conditions, and the articular 
integrity of the proximal capitate and lunate fossa of the radius are considered in choosing between the two procedures.

CONTROVERSIES

 26. Are radial wedge osteotomies (closing or opening) effective procedures for Kienböck’s 
disease?
Laboratory studies yield conflicting data about the effect of radial wedge osteotomy procedures. Increasing radial angle 
inclination by an opening wedge osteotomy and decreasing angle inclination by closing wedge osteotomy result in 
lunate decompression biomechanically. Although it is difficult to understand how both of these procedures can achieve 
the same biomechanical results, clinical studies to date report good results with closing radial wedge osteotomies.

Stage I

Immobilization 3 months

No improvement

Stage IIIB

Intercarpal fusion (STT or SC)

Proximal row carpectomy or Total wrist fusion

Ulnar-plus/neutral

Revascularization

Revascularization
or

Capitate shortening
or

Radial wedge osteotomy

Radial shortening

Ulnar-minus

Stage II/IIIA

Stage IV

Ulnar-plus/neutral

Radial shortening

Ulnar-minus

Treatment Algorithm for Kienböck’s Disease

Figure 150-6. Treatment algorithm for Kienböck’s disease.
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 27. How about vascularized radial bone grafts?
There are several reports of success with reverse-flow vascularized metaphyseal bone grafts for scaphoid nonunions. 
Described by Zaidemberg, the technique uses a dorsal radius graft based on an ascending branch of the radial artery, 
the 1,2-intercompartmental supraretinacular artery. Preliminary data about similar techniques for stage IIIA Kienböck’s 
disease as an adjunct to prevent lunate collapse, relieve wrist pain, and improve grip strength appear promising. More 
data and long-term follow-up are needed before the technique is accepted in the armamentarium for treatment of 
lunate AVN.

 28. What procedure is best suited for patients with ulnar-positive variance?
For obvious reasons, radial shortening or ulnar lengthening is contraindicated. We currently recommend direct lunate 
revascularization for early stages (I to IIIA). Alternatively, a radial wedge osteotomy or capitate shortening may be 
considered. STT or capitohamate fusion is best reserved for stage IIIB, regardless of variance.
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Carpal DisloCations anD instability

 1. How do carpal dislocations typically occur?
Most carpal dislocations result from extreme hyperextension injuries with intercarpal supination. This mechanism of 
injury usually is violent trauma, such as a fall from a height or a motor vehicle accident.

 2. How do patients with carpal dislocations typically present?
Patients usually describe a high-energy mechanism. However, initial physical examination findings may not be 
particularly dramatic. Patients usually have diffuse mild to moderate swelling when seen early, but swelling is likely to 
increase significantly with time. Tenderness is diffuse, and range of motion is decreased significantly because of pain. 
Be aware of possible median nerve injury from direct contusion at the moment of impact, compression of the nerve by 
the lunate, and swelling within the carpal tunnel.

 3. What is the difference between a perilunate dislocation and a lunate dislocation?
In a perilunate dislocation the lunate remains aligned with the radius while the rest of the carpus is displaced, usually 
dorsally. In a lunate dislocation the capitate remains aligned with the radius while the lunate is volarly extruded from the 
carpus (Table 151-1 and Fig. 151-1).

 4. What is the “spilled teacup” sign? What does it signify?
Seen on a lateral wrist radiograph, the spilled teacup refers to the lunate and signifies a lunate dislocation. Normally the 
lunate, which is shaped like a kidney bean on lateral radiograph, lies with its convex surface against the distal radial 
articular surface and its concave surface holding the head of the capitate. In a lunate dislocation, the lunate has flipped 
volarly on its volar radiolunate ligament hinge so that the concavity (opening of the cup) faces into the carpal tunnel.

 5. Where is the space of Poirier, and why is it clinically important?
The space of Poirier is located volarly over the capitolunate joint, which is left uncovered by the surrounding thick 
palmar carpal ligaments. This is critical in allowing for lunate dislocations to occur through capsule in this area.

 6. How can a dorsal perilunate dislocation be reduced?
The technique described by Tavernier is useful. Complete muscle relaxation is essential for an atraumatic reduction. This 
technique entails an initial period of 5 to 10 minutes of continuous longitudinal traction in finger traps with 10 to 15 lb of 
weight to allow relaxation of muscle forces. Next, manual traction is maintained by the surgeon. The thumb of one hand 
applies gentle pressure to the volar aspect of the wrist to stabilize the lunate. With the other hand, the patient’s wrist is 
extended while longitudinal traction is maintained. Gradually, the wrist is flexed, allowing the capitate to snap back into 
the concavity of the lunate.

Table 151-1. Stages of Progressive Perilunar Instability

STAGE LIGAMENTS AFFECTED

I Scapholunate instability with tearing of scapholunate interosseous and volar radioscaphoid 
ligaments

II Midcarpal capsule disruption allows dorsal capitate dislocation

III Lunotriquetral dissociation resulting in perilunate dislocation

IV Lunate dislocation with disruption of the dorsal radiocarpal ligament
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 7. What is the best method for treatment of an acute perilunate/lunate dislocation or 
fracture/dislocation?
In general, nonoperative management with closed reduction and casting rarely is satisfactory. Some authors favor closed 
reduction followed by percutaneous pinning of the scaphoid to the capitate and lunate, but only if anatomic reduction of 
each bone can be achieved. A critical determinant of successful reduction is the position of the scaphoid. A scapholunate 
angle greater than 80° with a scapholunate gap greater than 3 mm indicates significant residual scaphoid rotatory 
subluxation and often a poor long-term outcome. Most authors now advocate open reduction, ligament repair, and internal 
fixation of these high-energy injuries. Many authors favor the combine dorsal and volar approach of Dobyns and Swanson 
to allow assessment and repair of ligamentous and bony structures on both sides of the wrist.

 8. Define lesser and greater arc injuries of the carpus.
Lesser arc injuries are propagated around the lunate through purely soft tissue structures (scapholunate ligament, 
capitolunate ligament, lunotriquetral ligament). Greater arc injuries violate the bony structures around the lunate. These 
arcs are important in describing perilunate dislocations that may be purely ligamentous or may also involve fractures. 
For example, a perilunate dislocation with an associated scaphoid and capitate fracture is described as a transscaphoid, 
transcapitate perilunate fracture/dislocation.

 9. Why are chauffeur’s or radial styloid fractures especially concerning?
A fracture through the radial styloid may be a harbinger of a more serious ligamentous injury to the carpus. The energy 
that produced the radial styloid fracture may propagate through the lesser arc, producing a scapholunate disruption or 
more significant progressive perilunate instability.

 10. Define the abbreviations CID, CIND, and CIC and describe their corresponding 
conditions.
 • CID (carpal instability dissociative) is instability between bones within the same row (i.e., scapholunate dissociation).
 • CIND (carpal instability nondissociative) is an injury occurring through either the radiocarpal or the midcarpal joint, 
thereby leaving each row intact.

 • CIC (carpal instability complex) is an injury with elements of CID and CIND.

I II

IV III

Figure 151-1. Progressive perilunar instability (PLI). According to Mayfield’s sequence of ligamentous injury patterns, the four stages of PLI 
result in carpal instability and, eventually, carpal dislocation. (From Green DP: Carpal dislocations and instabilities. In Green DP [ed]: Operative 
Hand Surgery, Vol 1, 3rd ed. New York, Churchill Livingston, 1993, p 869.)
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 11. What are Gilula arcs, and what do their disruptions indicate?
Dr. Gilula is a radiologist who described three carpal arcs based on normal posteroanterior radiographs of the wrist.

 • Arc 1 follows the carpal side of the radiocarpal joint consisting of the proximal scaphoid, lunate, and triquetrum.
 • Arc 2 outlines the midcarpal joint following the distal border of the same bones.
 • Arc 3 follows along the proximal borders of the capitate and hamate.

Any break in an arc indicates ligamentous disruption at the joint.

 12. Explain the midcarpal shift test for midcarpal instability.
Originally described by Lichtman, this test involves holding the patient’s wrist pronated with the surgeon using his/her 
right hand to examine a right hand with a thumb over the dorsal capitate pressing palmarly. The wrist is then ulnarly 
deviated under this pressure looking for a painful clunk. Normally, moving into ulnar deviation involves the proximal 
carpal row extending, which allows the distal row to move from a palmar to dorsal position. However, in the face of 
midcarpal dissociation, the proximal row remains flexed until eventually it is forced into sudden extension as noted by 
the “clunk.”

 13. What is the role of arthroscopy in evaluating carpal instability?
Multiple sources now support arthroscopy as the gold standard in assessing carpal instability. Arthroscopy is more 
accurate than magnetic resonance imaging or arthrography (40% and 60% as sensitive, respectively) and its findings 
correlate well with those obtained during arthrotomy. Investigation also indicates that although radiocarpal evaluation is 
universally performed, midcarpal arthroscopy is a necessity that adds significantly to the operative assessment of the 
injured wrist.

 14. What is a DISI deformity? A VISI deformity?
 • DISI (dorsiflexion intercalated segmental instability) often occurs when scapholunate ligament disruption results in 
volar flexion of the scaphoid and dorsal angulation of the lunate.

 • VISI (volarflexion intercalated segmental instability) often signifies a lunotriquetral ligament disruption with volar 
angulation of the lunate compared with a normally aligned scaphoid.

 15. Which conditions can lead to dorsal intercalated instability? To volar intercalated 
instability?
 • DISI deformity is a structural abnormality that can be caused by a variety of conditions. It is most often attributed 
to scapholunate dissociation, but reduced perilunate dislocations, acute displaced scaphoid fractures, scaphoid 
malunions, and fractures of the distal radius also may lead to a DISI pattern.

 • VISI deformity often results from lunotriquetral dissociation, but it may occur with distal radius malunions, rheumatoid 
arthritis, and systemic ligamentous laxity (Fig. 151-2).

 16. What is the Watson test?
The Watson test, or the “scaphoid shift maneuver” as Dr. Watson prefers, is a provocative maneuver used to evaluate 
scaphoid stability and periscaphoid synovitis. The thumb of one hand is placed on the scaphoid tuberosity (distal pole 
on volar surface) while the four fingers of the same hand are placed behind the radius. With the patient’s wrist initially 
in ulnar deviation and slight extension, the examiner’s opposite hand is used to deviate radially and to flex slightly the 
patient’s wrist. Pressure on the tuberosity prevents the scaphoid from palmarflexing with scaphoid instability or rotary 
subluxation. The scaphoid thus is “pushed” dorsally out of the radial fossa, producing pain and/or a palpable clunk. A 
comparison test on the opposite wrist should always be performed.

A

B

A

B

A

B

Scapholunate Capitolunate Radiolunate

Figure 151-2. Carpal bone angles. In each case the normal angle is shown (A) in comparison with the abnormal angle seen with a 
dorsiflexion intercalated segmental instability deformity (B). The average scapholunate angle is 47°; an angle greater than 80° is indicative 
of scapholunate dissociation or rotary subluxation of the scaphoid. The capitolunate angle should be 0° with the wrist in neutral; the normal 
range is 0° to 15°. The radiolunate angle is abnormal if it is greater than 15°. (From Green DP: Carpal dislocations and instabilities. In Green 
DP [ed]: Operative Hand Surgery, Vol 1, 3rd ed. New York, Churchill Livingston, 1993, p 874.)
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 17. What is the signet ring sign?
On an anteroposterior (AP) x-ray film with scapholunate dissociation the distal pole of the scaphoid is seen as a sclerotic 
ring. This is due to volar flexion of the scaphoid and represents an axial view of the distal scaphoid.

 18. Who was Terry Thomas? What is the significance of his name?
Terry Thomas was a famous English film comedian with a wide gap in his front teeth. The “Terry Thomas” sign, 
seen on an AP image of the wrist, indicates a widened scapholunate gap and signifies a scapholunate dissociation. 
A scapholunate gap greater than 3 mm is considered diagnostic of a scapholunate dissociation.

 19. What is a normal scapholunate angle? When is a scapholunate angle considered 
pathologic?
On a lateral view, with the wrist in neutral, a line is drawn through the long axis of the lunate. A second line is drawn 
through the long axis of the scaphoid. The angle formed by the intersection of the two lines is the scapholunate angle. 
Normal values range from 30° to 60° with an average of 47°, as described by Linscheid. An angle greater than 80° 
should be considered a definite indication of scapholunate dissociation or rotary subluxation of the scaphoid.

 20. Which radiographs help to make the diagnosis of scapholunate dissociation?
A typical scaphoid series includes the following:

 • True lateral view with the wrist in neutral. Useful for evaluation of overall alignment and measurement of carpal 
angles.

 • Posteroanterior (palm down) view in maximal ulnar deviation–profile view of the scaphoid. Helpful for seeing scaphoid 
fractures.

 • AP view with clenched fist. Accentuates a dynamic scapholunate dissociation.

 21. Differentiate between static and dynamic scapholunate dissociation.
Static scapholunate dissociation is associated with a fixed deformity between the scaphoid and lunate as seen on 
AP and lateral views. In dynamic dissociation, an abnormal scapholunate relationship is identified only on stress 
radiographs, such as a clenched fist AP view.

 22. What are the radiographic signs of scapholunate dissociation?
 • Foreshortened scaphoid/signet ring sign on AP x-ray
 • Scapholunate angle greater than 60°
 • Scapholunate gap greater than 3 mm
 • Loss of parallelism between scaphoid and lunate articular surfaces
 • Increased capitolunate angle (normally 0°, range 0° to 15°).

 23. How are dorsal wrist ganglia associated with carpal instability?
The dorsal wrist ganglion, which often arises from the scapholunate ligament, has been associated with dynamic 
scapholunate instability. In a study by Whitman et al., dynamic scapholunate instability with an associated ganglion 
was treated by excision of the ganglion to the level of the ligament with 2 weeks of postoperative immobilization. 
After 1 year, the majority of patients continued to have a stable nontender wrist.

 24. What is a SLAC wrist, and what are its characteristics?
SLAC wrist, a term coined by Watson, refers to scapholunate advanced collapse wrist or the pattern of arthritic 
degeneration following chronic scapholunate dissociation. It progresses in a sequential pattern of three stages: 
(1) radiostyloid–scaphoid arthritis, (2) radioscaphoid fossa degeneration, and (3) capitolunate involvement. Of note, the 
radiolunate joint is generally spared in this progression of arthritis.

 25. What are treatment options for chronic scapholunate instability?
For scapholunate dissociation more than 3 months old, many procedures have been proposed. Options include limited 
tenodesis, arthrodesis, capsulodesis, direct ligament repair (with/without capsulodesis), and ligament reconstruction. 
Although no single procedure has prevailed, research suggests that capsulodesis may provide decreased pain but does 
not provide lasting preservation of carpal alignment.

 26. Describe the typical history and examination of a patient with a lunotriquetral 
ligament tear.
The history is variable, but many patients recall a specific dorsiflexion injury even. Patients may describe a painful 
palpable or audible click or clunk on the ulnar aspect of the wrist, particularly with ulnar deviation. Complaints also 
may include weakness and decreased range of motion. Physical findings may demonstrate synovitis or arthritis with 
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periarticular inflammation and swelling. Palpation over the lunotriquetral joint may produce local tenderness. Provocative 
testing that loads the ulnar carpus may demonstrate increased or pathologic motion compared with the other side. 
Radiographic examination ranges from completely normal to VISI deformity depending on the extent of associated injury 
to adjacent intercarpal ligaments.

 27. Describe a shear or ballottement test of the lunotriquetral joint.
The shear test attempts to demonstrate increased lunotriquetral motion. The examiner places one thumb on the dorsum 
of the lunate to push volarly and the other thumb on the volar palm at the pisiform, pushing dorsally. Pain, with or 
without crepitance, is a positive test. Comparison should be made with the unaffected side.

 28. How can lunotriquetral instabilities be graded?
Viegas has described three stages of increasing severity:

 • Stage I: Partial or complete disruption of the lunotriquetral interosseous ligament (LTIL) with no clinical or 
radiographic evidence of dynamic or static VISI.

 • Stage II: Complete disruption of the LTIL and palmar lunotriquetral ligaments with clinical and/or radiographic 
evidence of dynamic VISI.

 • Stage III: Complete disruption of the LTIL and palmar lunotriquetral ligaments, including disruption of the scaphoid 
and lunate portion of the dorsal radiocarpal ligament, with clinical or radiographic evidence of static VISI.

 29. Briefly list the key intercarpal ligaments.
 • Intrinsic: The two most important intrinsic ligaments are the dorsal scapholunate ligament and the palmar 
lunotriquetral ligament, which are the strongest areas of those ligaments.

 • Palmar Extrinsic: The key volar ligaments are the radioscaphocapitate, the long radiolunate, and the short radiolunate. 
The space of Poirier is located between the radioscaphocapitate ligament and the long and short radiolunate 
ligaments.

 • Dorsal Extrinsic: The two main dorsal ligaments are the dorsal intercarpal ligament and the dorsal radiocarpal 
ligament.
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 1. What five carpal bones make up the ulnar side of the wrist?
The ulnar carpus encompasses the lunate, triquetrum, pisiform, hamate, and capitate.

 2. Name 10 possible entities to be considered in a broad differential diagnosis  
of ulnar-sided wrist pain?
 1. Triangular fibrocartilage complex (TFCC) injury
 2. Lunotriquetral interosseous ligament injury
 3. Chondral lesion of the ulnar aspect of the lunate
 4. Triquetral avulsion fracture
 5. Hook of the hamate fracture
 6. Pisotriquetral arthritis
 7. Subluxation of the extensor carpi ulnaris tendon
 8. Ulnar artery thrombosis
 9. Ulnar neuropathy at Guyon’s canal
10. Neuritis of the dorsal sensory branch of the ulnar nerve.

 3. What structure on the ulnar side of the wrist is frequently injured yet not seen on 
radiographs?
The TFCC, which is made up of the ulnar carpal ligaments, ulnar wrist capsule, and triangular fibrocartilage meniscus 
(Fig. 152-1).

 4. Tears of the TFCC are most frequently caused by what mechanism?
Tears of the TFCC are caused most commonly by a fall on an outstretched hand that results in a combination of 
extension, pronation, and axial loading to the wrist.

TFCC

h

t
l

c
s

Figure 152-1. Main structures of the wrist. c, Capitate; h, hamate; l, lunate; s, scaphoid; t, triquetrum; tfcc, triangular fibrocartilage complex.
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 5. What intercarpal ligament is frequently injured along with the TFCC?
The lunotriquetral ligament is commonly injured along with the TFCC. These two structures are soft tissue elements of 
the ulnar wrist the most likely to cause pain.

 6. Ulnar wrist pain in the hypothenar eminence in golfers is commonly caused by what 
type of fracture?
A fracture of the hook of the hamate. These fractures are frequently not seen on anteroposterior and lateral radiographs 
of the hand or a carpal tunnel view. They are commonly missed but can be documented by computed tomography of 
the wrist. Treatment involves cast immobilization, excision of the nonunion fragment if healing does not occur, or open 
reduction internal fixation of the hook.

 7. What does tenderness to palpation over the pisiform bone often indicate?
Tenderness to palpation over the pisiform bone usually indicates the presence of pisotriquetral degenerative arthritis. 
A lidocaine injection into this joint may help make the diagnosis. If conservative measures fail to relieve the pain, a 
surgical excision of the pisiform bone may be necessary.

 8. What structure on the ulnar side of the wrist is prone to age-related changes?
The TFCC is prone to degenerative tears that are directly proportional to the patient’s age.

 9. What is ulnar variance?
Ulnar variance is the length of the distal ulna compared with the lunate fossa of the distal radius. Patients are described 
as ulnar-plus, ulnar-neutral, or ulnar-minus. An ulnar-minus variance is associated with the development of Kienböck 
disease (avascular necrosis of the lunate), which can cause wrist pain. An ulnar-plus variance is associated with ulnar 
carpal abutment syndrome, in which the ulna is longer than the radius and is pushed into the underside of the TFCC, 
causing degenerative changes and ulnar-sided wrist pain.

 10. What diagnostic tests help in differentiating causes of ulnar-sided wrist pain?
Wrist arthrography and magnetic resonance imaging (MRI). Wrist arthrography involves injection of dye into the wrist 
to visualize the TFCC and intercarpal ligaments. Abnormal leaks of the dye between areas where the structures are 
supposed to be intact indicate disruption. MRI can also define tears of the TFCC and, to a lesser degree, the intercarpal 
ligaments.

 11. What technique has the best sensitivity, specificity, and accuracy for defining ulnar-
sided wrist pain due to soft tissue injuries?
Wrist arthroscopy is more sensitive, specific, and accurate than other diagnostic techniques for defining soft tissue 
disruption of both the intercarpal ligaments and the TFCC.

 12. During arthroscopy, loss of what finding may indicate tearing of the peripheral 
TFCC?
During arthroscopy a probe is used to ballot the TFCC cartilage disc. Normally the cartilage disc is taut and 
demonstrates a trampoline effect. If the cartilage disc does not rebound to forces provided by the probe, a tear of the 
peripheral TFCC should be suspected.

 13. What is the vascular anatomy of the TFCC?
The TFCC has a rich vascular supply to the peripheral portion, whereas the central portion and the attachment to 
the distal radius are relatively avascular. Therefore tears located in the peripheral TFCC have a high propensity 
to heal if treated by débridement and/or repair, whereas tears of the central component are unlikely to heal with 
repair alone.

 14. What is the main form of treatment of central TFCC tears?
Because this portion of the TFCC is relatively avascular, the redundant portions (i.e., any flaps that may be present) 
of the meniscal disc itself are débrided. Débridement decompresses the tear itself and does not alter the structural 
anatomy of the ulnar wrist.

 15. In patients who have undergone TFCC débridement but still have ulnar-sided 
wrist pain, what procedure can be used as an initial salvage procedure for relief 
of pain?
In patients who have TFCC pain and ulnar-plus variance, an ulnar shortening osteotomy that takes pressure off the 
underside of the TFCC may be useful after failed TFCC débridements. This procedure also is effective in some patients 
who have concomitant lunotriquetral ligament and TFCC tears.
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 16. What procedure may be considered as an alternative to an ulnar shortening 
osteotomy to reduce TFCC loading in patients with minimal ulnar-plus variance?
In patients who have minimal ulnar-plus variance, a partial resection of the ulnar head (wafer procedure), either open or 
arthroscopically, may be a reasonable alternative to a diaphyseal shortening of the ulna.

 17. What vascular anatomy can be associated with patients who use their hypothenar 
eminence as a hammer and have ulnar-sided wrist pain?
“Hypothenar hammer syndrome” is described in patients who use their hypothenar eminence as a hammer (e.g., 
jackhammer operators) and develop a clot in the ulnar artery. Thrombosis causes localized pain, and occasionally a 
mass is felt in the hypothenar region. The diagnosis can be made by performing an Allen’s test, in which loss of refill of 
the ulnar digits may be noted.

 18. What physical tests are used to examine for lunotriquetral ligament tears?
The lunotriquetral shear test (Kleinman or Reagan) and lunotriquetral compression test (Linscheid) are useful for 
evaluating the lunotriquetral ligament. During either test, pain or a click centered at the lunotriquetral joint may indicate 
disruption of this ligament.

 19. What is the most common diagnostic and therapeutic procedure for lunotriquetral 
ligament tears?
Wrist arthroscopy (using the 4/5 or 6-R portals) is the best way to identify lunotriquetral ligament tears. Partial 
tears often can be treated by débridement alone; complete tears also occasionally can be made asymptomatic by 
débridement of the ligament edges. For patients who have persistent pain, lunotriquetral fusion and four-corner fusion 
(fusion of the capitate, hamate, lunate, and triquetrum) have been advocated.

 20. Why do some authors advocate a four-corner fusion rather than a lunotriquetral 
fusion for documented lunotriquetral ligament tearing?
The fusion rate obtained with a four-corner fusion is substantially higher than that obtained with a lunotriquetral fusion. 
Approximately 50% of lunotriquetral fusions result in nonunion.

 21. If pain is elicited by the lunotriquetral shear test, what other condition must be 
ruled  out?
Pisotriquetral arthritis. Because the lunotriquetral shear test is performed by putting the thumb over the pisiform and 
pushing dorsally to provide shear between the lunate and triquetrum, pisotriquetral arthritis rather than any problem at 
the lunotriquetral ligament may cause pain by compression of this joint. For this reason, testing for pain isolated to the 
pisotriquetral joint by “shucking” the pisiform against the triquetrum alone should be done.

 22. What are the two classes of TFCC tears, and how are they usually treated?
Traumatic and degenerative. In 1989, Palmer developed a classification system for injuries to the TFCC. Acute traumatic 
injuries were defined as class I injuries, and degenerative injuries were defined as class II injuries. Class I tears usually 
are linear and occur at the edges of the TFCC at either the soft tissue attachments or the attachment to the distal radius. 
Peripheral lesions with the capacity to heal are treated with repair. Class II degenerative tears usually represent an 
ulnar impaction process and often occur in older people in the midportion of the fibrocartilage meniscus. Arthroscopic 
débridement is the mainstay of treatment of degenerative tears. If débridement alone fails to provide relief in an ulnar-
plus patient, procedures that address the mechanical overload on the ulnar side of the wrist (i.e., wafer resection or 
ulnar shortening osteotomy) should be considered.
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 1. In patients with rheumatoid arthritis, how often is the wrist affected?
After 3 years, 70% of patients with rheumatoid arthritis (RA) have wrist involvement. After 11 years, 95% have wrist 
involvement.

 2. How does RA affect the wrist?
RA is characterized by a destructive synovitis that affects the synovial lining of both joints and tendon sheaths. 
This results in joint deformity, wrist dysfunction (weakness, pain, or limited motion), joint synovitis, tenosynovitis, 
and tendon rupture.

 3. List the criteria necessary to make a diagnosis of RA.
Four of the seven criteria listed in Table 153-1 must be met.

 4. What are rheumatoid nodules?
Nodules are composed of a fibrous center and collagenous capsule. With time they become surrounded by chronic 
inflammatory cells. Their centers may necrose due to ischemia, and the nodule may erode through the overlying skin 
to form a draining sinus. They are located subcutaneously, often over bony prominences. They can be excised but 
often recur.

 5. What is the utility of checking for serum rheumatoid factor?
As many as 70% to 80% of patients with RA will test positive for rheumatoid factor (RF). However, 20% of patients 
with RA remain seronegative. Of the healthy general population, 1% to 2% tests positive for RF. Additionally, elevated 
serum RF may be caused by other conditions such as increased age (5% to 20% of people older than 65 years become 
seropositive), other autoimmune diseases, connective tissue disorders, viral infections, chronic inflammatory diseases, 
and neoplasms. Specificity for RA increases with increasing levels of RF. Lower levels of RF often reflect milder 
instances of RA.

 6. What is RF?
RF is an immunoglobulin (immunoglobulin M) antibody directed against the Fc portion of immunoglobulin G.

Table 153-1. Diagnosis of Rheumatoid Arthritis

CRITERION DEFINITION

Morning stiffness Located periarticularly, lasting 1 hour or more, for at least 6 weeks

Arthritis of three or more joint areas Simultaneously, at least three joint areas have soft tissue swelling 
or fluid, for at least 6 weeks

Arthritis of hand joints Wrist, metacarpophalangeal or proximal phalangeal joints, for at 
least 6 weeks

Symmetrical arthritis Same joint areas on both sides of the body, simultaneously, for at 
least 6 weeks

Rheumatoid nodules Subcutaneous nodules, over bony prominences or extensor  
surfaces, or in periarticular regions

Rheumatoid factor Elevated amounts of serum rheumatoid factor

Radiographic changes Erosive changes or decalcification adjacent to involved joint, on 
hand and wrist radiographs

Rheumatoid aRthRitis of the WRist
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Figure 153-1. Scallop sign affecting the 
sigmoid notch of the distal radius.

 7. What other laboratory values may be elevated in RA?
Because RA is an inflammatory arthropathy, nonspecific indicators of generalized inflammation such as serum 
erythrocyte sedimentation rate and C-reactive protein may be elevated. Antinuclear antibody levels may be elevated in 
40% of people with RA. None of these indicators are specific enough to be diagnostic for RA.

 8. Is there any utility to checking wrist joint synovial fluid in RA?
The presence of RF in synovial fluid is of uncertain importance. Still, synovial fluid analysis can be used to look for 
infection or crystal-induced arthritis (either gout or calcium pyrophosphate disease) as well as to help categorize the 
arthritic process as inflammatory, noninflammatory, or hemorrhagic.

 9. Describe what a biopsy specimen of rheumatoid synovium might show.
Synovial inflammation, proliferation of synovial lining cells, lymphocytic infiltration, angiogenesis, and noncaseating 
granulomas.

 10. What diagnostic imaging of the wrist should be obtained in RA?
Radiographs of three views (posteroanterior, lateral, oblique) should be obtained. The distal radioulnar joint (DRUJ) has 
the highest level of early involvement compared with all surrounding joints. The most common late finding in RA is 
ulnar–palmar translation of the carpus. Carpal erosion and autofusion also may be present.

 11. What is a scallop sign?
Scallop sign occurs when the sigmoid notch of the DRUJ is hollowed out in a concave scalloped form on the distal 
radius. This may lead to extensor tendon rupture (Fig. 153-1).

 12. Describe the classic pattern of deformity of the radiocarpal joint and DRUJ.
Ulnar–palmar translation and supination of the wrist characterize the radiocarpal joint. Extrinsic wrist ligaments 
become attenuated and bony integrity erodes away. Because ligaments have no active excursion, even a few 
millimeters of laxity renders them ineffective. In the destabilized carpus, strong flexor and ulnar-sided muscles 
assume a deforming force. The radial inclination and palmar tilt of the distal radius articular surface further 
favor ulnar–palmar translation. In the DRUJ, the ulnar head subluxes dorsally as the sigmoid notch erodes, and 
ligamentous and muscular stabilizers (e.g., triangular fibrocartilage complex [TFCC] and extensor carpi ulnaris [ECU], 
respectively) lose their integrity.
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 13. What are the other characteristic deformities in the rheumatoid hand?
Metacarpals deviate radially. Metacarpophalangeal (MCP) joints are characterized by ulnar drift and palmar subluxation. 
MCP flexion contractures also can occur. Fingers may demonstrate swan neck or boutonnière deformities. The thumb 
may exhibit swan neck or boutonnière (Z-shaped) deformities as well as ulnar collateral ligament instability.

Any attempt to correct rheumatoid wrist pathology must take into account the associated deformities and disabilities 
of the fingers, thumb, and hand as well. The reverse also is true; correction of finger deformities must consider wrist 
pathology.

 14. What are the three major pathophysiologic factors in RA that result in joint 
destruction?
 • Cartilage destruction caused by lytic cytochemical effects.
 • Synovial expansion causing bony erosion.
 • Ligamentous laxity secondary to lytic cytochemicals and synovial expansion resulting in joint capsules and ligaments 
that become stretched out. Because ligaments have no active excursion, even a few millimeters of laxity renders 
them ineffective.

 15. What is the natural course of rheumatoid disease in the wrist?
There are three stages of rheumatoid disease: proliferative, destructive, and reparative.

 • In the proliferative stage, synovial swelling leads to pain and diminished range of motion of the wrist joint. Nerve 
compression may occur.

 • In the destructive stage, synovial erosion causes bony erosion, capsular incompetence, joint subluxation, and 
tendon rupture.

 • The reparative stage is characterized by fibrosis of joints and intrinsic musculature as well as tendon adhesions.

 16. How does the pattern of wrist destruction in RA differ from that in an osteoarthritic 
scapholunate advanced collapse wrist?
In RA, the radiolunate joint degenerates first, followed by the radioscaphoid articulation. In a scapholunate advanced 
collapse (SLAC) wrist, typically the radioscaphoid joint degenerates the most, followed by the midcarpal joint.

 17. How does tenosynovitis affect the wrist?
In RA, the synovial lining of tendon sheaths may be affected similarly to the synovium of joints. Both flexor and extensor 
tendon sheaths may be involved. Symptoms include limited range of motion, swelling (either painful or nonpainful), 
tendon ruptures, finger triggering, and compressive neuropathies such as carpal tunnel syndrome.

 18. What are the treatment options for wrist synovitis?
Nonsurgical management may be useful if started early enough. Such management includes pharmacologic therapy, 
rest, splinting, and local steroid injection. A multidisciplinary team consisting of rheumatologists, hand therapists, and 
hand surgeons is most effective. The benefit of steroid injections must be balanced against their potentially weakening 
effects on already compromised tendon structures. If symptoms persist after 4 to 6 months despite pharmacologic 
intervention, then surgical synovectomy may be indicated. An exception to this time frame is the occurrence of tendon 
rupture, in which case immediate attention should be paid to preventing further ruptures.

 19. What are the benefits of arthroscopic synovectomy?
Less morbidity and better exposure/visibility compared with open techniques. This has proved to be an excellent 
procedure in the right patient.

 20. What pharmacologic options exist for treatment of RA?
Significant gains have been made in pharmacologic therapy in the last decade. A rheumatologist can manage use of 
disease-modifying antirheumatic drugs (DMARDs), which include methotrexate, leflunomide, etanercept, and infliximab. 
They function to reduce rheumatoid synovial proliferation and tissue destruction.

 21. What is caput ulnae syndrome?
First described by Backdahl in 1963 and seen in up to on third of patients with RA, caput ulnae syndrome occurs when 
the ulnar head subluxes dorsally, the carpus supinates relative to the radius, and the ECU subluxes palmarly. This is as 
much a result of the ulnar head subluxing dorsally as it is the carpus and hand dislocating palmarly off the forearm. 
It occurs due to ulnar wrist and DRUJ ligamentous destruction. Clinically, a patient may present with dorsal ulnar 
head prominence, dorsal wrist swelling, ulnar-sided wrist pain, weakness, and diminished pronosupination. Backdahl 
recommended surgical resection of the ulnar head and tenosynovectomy of wrist extensor tendons.
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 22. What is a piano keyboard sign?
Because of ligamentous instability (as in caput ulnae syndrome), the ulnar head is prominent dorsally. The prominent 
ulnar head can be depressed palmarly, and it then rebounds dorsally as pressure is released. Balloting the ulnar head 
may be met with painful crepitus.

 23. Why is dorsal ulnar prominence at the wrist a problem?
It can cause attrition ruptures of extensor digitorum communis (EDC) tendons. This is known as Vaughan-Jackson 
syndrome.

 24. What are the causes of tendon rupture in RA?
 • Attrition over bony prominences
 • Nutrient deprivation and ischemia due to compression from synovial expansion
 • Synovial infiltration into tendons

Although mechanical abrasion plays an important role, the true etiology for tendon rupture probably is multifactorial. 
Tendons may be compressed by synovial expansion, thereby causing tendinous nutrient restriction and ischemia. 
Tendons also may be attenuated and weakened through synovial infiltration.

 25. Which flexor tendons commonly rupture in RA of the wrist?
The most common flexor tendon to rupture is the flexor pollicis longus tendon (Mannerfelt lesion), often due to  
a volar bony scaphoid spur. The flexor digitorum profundus to the index finger also may rupture via a similar  
mechanism.

 26. Which extensor tendons commonly rupture in RA of the wrist?
Extensor tendons often rupture due to prominence of the ulnar head (Vaughan-Jackson lesion). The most common 
tendon to rupture is the EDC of the small finger, with progression occurring in an ulnar to radial direction. Dorsal 
metacarpal head spurs also may cause extensor tendon ruptures. The extensor pollicis longus may rupture on Lister’s 
tubercle. Extensor tendon rupture is more common than is flexor tendon rupture in RA.

 27. Why do patients with RA lose the ability to extend their fingers?
Extensor tendon rupture is a common etiology. Tendon subluxation at the MCP joints also can be responsible. 
As the sagittal bands attenuate and rupture, EDC tendons sublux ulnarly and volarly along with volar phalangeal 
subluxation, thereby upsetting their mechanical advantage. Posterior interosseous nerve (PIN) palsy due to compressive 
radiocapitellar synovitis at the elbow is a less common cause of failed finger extension.

 28. How can you determine the cause of loss of finger extension?
To determine the etiology of failure of finger extension, extend and radially deviate (back to normal anatomic alignment) 
the MCP joints passively. If the patient can maintain the extended position, then the extensor tendons are intact, and the 
problem probably is due to tendon subluxation. If the patient cannot maintain the MCP joints in extension, then the EDC 
tendons are less likely to be functioning. The tenodesis effect can be used to differentiate between tendon rupture and 
PIN palsy. With maximal wrist flexion, the fingers should extend if the tendons are intact.

 29. What are the surgical indications in RA of the wrist?
Disabling pain and extremity dysfunction are appropriate indications for surgical intervention. Deformity, by itself, is 
not an indication. Patients may have significant deformity but may maintain surprisingly adequate function. Normally, 
most surgeons will wait for 4 to 6 months before considering nonoperative management to have failed. In general, 
outcomes are best when surgical intervention is done prior to severe joint destruction, fixed contractures, subluxation, or 
dislocation. Tendon rupture is an indication for immediate surgical intervention.

 30. What should be done during preoperative evaluation of a patient with RA?
RA may also involve the cervical spine in 60% to 90% of patients. A patient may suffer from atlantoaxial or other 
cervical instability. This is important for anesthetic considerations. A detailed history and thorough physical examination 
should include evaluation for this symptomatology. Cervical plain films (anteroposterior, lateral, odontoid, flexion, and 
extension views) should be obtained.

 31. What are surgical options in managing DRUJ involvement in RA of the wrist?
 • Darrach procedure
 • Suave-Kapandji procedure
 • Resection hemiarthroplasty (Bowers procedure)
 • Distal ulna prosthesis.
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 32. What is the Darrach procedure?
Among the many variations of this procedure in use today, essentially all involve resection of the distal ulna. The Darrach 
procedure possibly is the most common procedure used to treat caput ulnae syndrome. Pain relief is often reported in 
60% to 95% of patients. Whether the Darrach procedure halts or increases ulnar translation in RA is controversial.

 33. Describe the Suave-Kapandji procedure.
This procedure involves removal of a segment of the distal ulnar shaft while preserving the ulnar head, which is then 
fused to the distal radius through the DRUJ. This permits forearm rotation. However, despite this procedure, ulnar shift 
and radial deviation may continue.

 34. What does resection hemiarthroplasty involve?
Resection of just the DRUJ while preserving the full length of the ulna. This prevents contact between the radius and 
ulna through the arc of pronosupination. However, the TFCC attachments to the ulnar styloid are maintained, as is 
the joint capsule. This procedure is less commonly done today because an intact TFCC is necessary for its success, 
and often this structure is no longer intact in this patient population. Furthermore, ulnar styloid impaction may follow 
resection hemiarthroplasty.

 35. What is a distal ulna prosthesis reconstruction?
This involves replacing the distal ulna either alone or along with a sigmoid component. Insufficient evidence exists for 
this relatively new technique, so long-term recommendations cannot yet be made.

 36. What are the surgical options for treating radiocarpal involvement in RA?
 • Tenosynovectomy
 • Intraarticular wrist synovectomy
 • Ulnar head resection
 • Arthroplasty
 • Arthrodesis

 37. What are the indications for tenosynovectomy?
The main objectives are to prevent progression of RA (e.g., extensor tendon rupture) and reduce painful joint synovitis. 
Because isolated tenosynovitis is painless, patients may ignore it until complications occur. Thus there may be benefit to 
early intervention via tenosynovectomy, such as after 4 to 6 months of medical management.

 38. How can intraarticular wrist synovectomy be performed?
There are two methods of wrist synovectomy: open and arthroscopic. With an open approach, reaching all recesses of 
the synovium often is difficult. Usually this approach is used in conjunction with other open procedures. Since the early 
1990s, arthroscopic synovectomy has become more popular. It is indicated in patients in whom pharmacologic therapy 
has been inadequate or has not been tolerated. Symptoms should be present for at least 6 months and an attempt at 
intraarticular steroid injection made prior to arthroscopic consideration. Studies suggest that a marked reduction in pain 
and increased function can result. However, some authors believe that arthritic changes may be significantly hastened 
after arthroscopic synovectomy in patients with preexisting advanced arthritis and thus limit this technique to patients 
with early stages of radiographic changes. Similar to tenosynovectomy, performance of isolated synovectomy is rare 
unless a patient is symptomatic without radiographic joint pathology.

 39. Describe the role of ulnar head resection.
Along with concomitant extensor tenosynovectomy, ulnar head resection originally was recommended by Backdahl 
for treatment of caput ulnae syndrome. It is performed as prophylaxis against extensor tendon rupture. However, the 
procedure does not address progression of disease, such as continued carpal collapse and translation. Additionally, the 
ulnar stump can still provide a surface against which tendons may abrade and rupture.

 40. Why isn’t wrist arthroplasty more popular in treating RA?
Originally, implants were made of silicone and acted as a flexible spacer. Initially they were successful in relieving pain 
while preserving some motion. However, implant breakage and silicone particulate synovitis curtailed their popularity. 
More recently, articulated wrist prostheses have been developed. However, their use has been limited by problems with 
instability, imbalance, loosening, metacarpal erosion with implant penetration, and periprosthetic bone resorption. Newer 
generations of prostheses that address these issues are being developed.

 41. What are the types of wrist arthrodesis available in RA?
Wrist arthrodeses can be grouped into partial or total fusions. This concept originated with Stack and Vaughan-Jackson’s 
report in 1971 of a patient with RA and spontaneous radiolunate fusion that exhibited halting of ulnar drift. Partial 
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arthrodeses include radiolunate, radioscapholunate, and radiolunotriquetral fusions. In total arthrodesis, wrist pain and 
swelling may be better controlled, but wrist motion and grip strength are diminished when measured against partial 
arthrodesis. Total fusion is the most commonly performed bony procedure in RA. Often synovectomy and resection of 
the ulnar head are performed at the same time. Major complications of wrist arthrodesis include nonfusion, deep wound 
infection, DRUJ arthrosis, ulnar impaction syndrome, carpal tunnel syndrome, neuroma formation, and painful retained 
hardware.

 42. How effective is wrist arthrodesis?
Generally, regardless of the method used, wrist fusion fairly reliably reduces wrist pain (approximately 70% of the 
time) and provides for wrist stability, but at the expense of wrist motion. In complete fusions, patients often are willing 
to accept the tradeoff of absent motion at the carpus for the pain relief and wrist stability they receive. For partial 
arthrodeses, this loss of motion is generally most significant in the direction of wrist flexion. However, in other directions, 
approximately half to two thirds of preoperative motion can be preserved. If distal ulnar resection is included in the 
course of the operative procedure, pronosupination often improves dramatically.

 43. Is there a role for midcarpal fusion in RA?
Midcarpal fusions typically are not advocated for patients with RA because ligamentous instability and radiocarpal 
joint subluxation are not focused at that level. For similar reasons, proximal row carpectomy (PRC) is not commonly 
performed.

 44. How should tendon ruptures be managed?
Although direct tendon repair is possible in the acute setting, it often is difficult and may be prone to recurrent rupture 
due to the underlying disease state. Tendon transfers are commonly used. Bridging tendon grafts are an alternative 
and are preferred by some authors. Adhesions may limit their usefulness. Regardless of the surgical method selected, 
tenosynovectomy and bony prominence removal should be performed at the same time to prevent future tendon 
ruptures.

 45. What can be done if both wrist and finger extensors have ruptured?
The wrist must be fused to allow tendon reconstructions to the fingers to work.
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 1. Do fractures of the distal radius occur in all age-groups? What are the common 
mechanisms of injury?
Distal radial fractures have a bimodal distribution in the population. Osteopenic females in their sixth or seventh 
decade of life represent the most predominant group sustaining these fractures after a fall from a standing height. 
These fractures are considered low-energy injuries. Younger males (second and third decades of life) with denser bone 
compose the second major group that sustains distal radius fractures. Mechanisms of injury in this group vary from falls 
to sports injuries to high-speed vehicular injuries. Most of these fractures are considered high-energy injuries. Injuries 
sustained in the second decade before skeletal maturity are treated as pediatric injuries.

 2. Is it correct to label all fractures of the distal radius as Colles fractures?
No. Eponymous associations of fractures in this anatomic region can be confusing and tricky. Knowing commonly 
used eponyms is prudent. However, fractures of the distal radius can be classified into various subtypes according to 
a plethora of existing classification systems. A description of a fracture pattern must convey the following important 
features to be effective and consistently reproducible:

 • Is the fracture extraarticular or intraarticular?
 • If intraarticular, does the fracture involve the radiocarpal joint, distal radioulnar joint (DRUJ), or both?
 • Is the fracture displaced or undisplaced?
 • Is the fracture shortened or impacted?
 • Is there any angular deformity, and, if so, is the apex volar or dorsal?
 • Is there comminution, and, if so, in which location?
 • Is the distal ulna involved?

 3. What are the commonly used eponyms to describe fractures of the distal radius?
An extraarticular fracture of the distal radius with apex volar angulation may be referred to as a Colles fracture. A similar 
fracture in which the angulation is apex–dorsal is known as a Smith fracture. An intraarticular fracture, in which the 
volar lip of the articular surface of the distal radius is sheared off, is known as a volar Barton fracture. A similar shearing 
injury to the dorsal rim of the distal radius is referred to as the dorsal Barton fracture.

 4. What is the most comprehensive classification system used to classify fractures of 
the distal radius?
The most versatile and detailed classification system perhaps is that established by Muller et al. in 1990. The basis of 
this method is the division of all fractures of a bone segment into three types with further subdivision into three groups, 
each with subgroups based on the number of fragments. This system has an ascending order of severity defined by the 
morphologic findings, difficulties of treatment, and prognosis related to the fracture.

 • Type A: Distal radial fractures not involving the articular surface (Colles and Smith fractures) (Fig. 154-1).
 • Type B: Distal radial fractures involving part of the articular surface. These shearing fractures are subdivided into 
three groups (Figs. 154-2 and 154-3):

 • B1: Fractures in the sagittal plane such as radial styloid fractures
 • B2: Fractures in the coronal plane involving the dorsal rim (Barton fracture)
 • B3: Fractures in the coronal plane of the ventral rim or reverse Barton fracture

 • Type C: Distal radial fractures involving a complete articular surface injury. These are classified as follows  
(Fig. 154-4):

 • C1: Two-fragment intraarticular fracture without metaphyseal fragmentation
 • C2: Two-fragment intraarticular fracture with multifragmented metaphysis
 • C3: Fractures with comminution of the articular surface; comminution is defined as involvement of greater than 
50% of the metaphysis as seen on any radiographic view, comminution of at least two cortices of the metaphysis 
or shortening of the radius in excess of 2 mm
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 5. What are the other common wrist injuries associated with fractures of the distal radius?
Injuries of the carpus and carpal ligaments can be seen with fractures of the distal radius and must be assessed for on 
radiographs. The most common carpal ligament injury is a tear of the scapholunate interosseous ligament (SLIL). Injuries 
to the triangular fibrocartilage complex are also well described. Although injury to the SLIL may occur with any fracture 
pattern, it appears that fracture lines exiting on the scapholunate crest of the distal radial articular surface have a 
higher chance of SLIL injury. The most commonly fractured carpal bone in association with distal radius fractures is the 
scaphoid, and this combination of injuries has been reported to be seen in 5% of all distal radius fractures (Fig. 154-5).

 6. What are the radiographic projections used in imaging a distal radius fracture?
Standard initial radiographs must include the posteroanterior (PA), lateral, and oblique views to reveal the fracture 
pattern as well as the extent and direction of the initial displacement. Oblique projections can be useful in identifying 
displacement of fractures that involve the articular surface. The PA projection will help to define whether a fracture 
involves the articular surface and to identify the presence of associated carpal ligament injuries. Associated SLIL injury 

A

L

B

Figure 154-1. Type A distal radius 
fracture. This extraarticular fracture with 
apex–volar angulation is a classic Colles 
fracture.

Figure 154-2. Type B fracture 
involving the radial styloid. Such 
fractures have also been referred to 
as “chauffeur’s fractures” because 
they were caused by the kickback 
from an automobile engine in 
the days when automobiles were 
started by external crank handles.
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A B

C D

Figure 154-3. A, B, Type B fracture involving the volar articular margin, also called a reverse Barton fracture or volar Barton fracture. 
C, D, Fracture geometry is often better appreciated in intraarticular fractures with computed tomographic scans as seen in this sagittal 
section and three-dimensional reconstruction.

A B

Figure 154-4. Type C distal radius fracture involving the entire articular surface and accompanied by extraarticular comminution.
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may be suspected if any of the following are found: scapholunate distance on PA projection greater than 2 to 3 mm 
(“Terry Thomas sign”); loss of symmetry of the articular surface of the proximal carpal row (disrupted Gilula lines); or 
foreshortening or translation of the carpus.

 7. What are some of the cardinal measurements on radiographs of a distal radius?
Cardinal measurements in the PA projection include radial height (normal average 12 mm), radial inclination or ulnar 
tilt of the radius (average 23°), radial width (usually within 1 mm of that of the contralateral side), and alignment of the 
DRUJ. On the lateral view, volar tilt is the most important measurement. It is always important that the lateral projection 
be a “true” lateral view. A true lateral view is one in which the palmar cortices of the pisiform, lunate, and capitate are 
arranged from volar to dorsal with respect to the radius (Table 154-1).

A B

Figure 154-5. Comminuted fracture of the distal radius accompanied by a displaced fracture of the waist of the scaphoid.

PA, Posteroanterior.

Table 154-1. Radiographic Measurements

MEASUREMENT DESCRIPTION NORMAL VALUES

Radial inclination (PA 
projection)

Angle between the following two lines: A line 
drawn from the tip of the radial styloid to the 
most distal ulnar aspect of the lunate facet and 
a line perpendicular to the longitudinal axis of 
the radius

22° ± 3°

Radial length (PA projection) Distance between a line perpendicular to the 
long axis of the radius drawn at the radial 
styloid and another line tangential to the distal 
articular surface of the ulna

11 ± 3 mm

Ulnar variance (PA projection) Draw a line perpendicular to the long axis of 
the radius at the distal edge of the lunate facet; 
the amount of the ulnar head distal to that line 
measures ulnar variance

Axial Shortening:
Grade 0: <3 mm
Grade 1: 3–5 mm
Grade 2: >5 mm

Radial tilt (lateral projection) Angle between a line through the volar and 
dorsal margins of the distal radius and a line 
perpendicular to the long axis of the radial shaft

11° ± 3°

Radial shift (PA projection) Distance between the longitudinal axis of the 
radius and a line drawn tangential to the radial 
styloid

Compare to 
contralateral side PA 
radiograph
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 8. If plain radiographs of the wrist do not provide adequate information regarding the 
injury, what other investigations may be indicated?
Fracture geometry is better assessed on postreduction radiographs than on prereduction radiographs. In some fractures 
with severe comminution, intraarticular extension, or both, this assessment may be difficult. In such situations, 
computed tomography of the wrist provides information about fragment geometry, size, and location as well as the 
degree of comminution, its location, and intraarticular involvement. Three-dimensional reconstruction can be invaluable 
in determining fracture geometry and planning surgical tactics (see Figs. 154-3, C and D).

 9. What should be included in the initial clinical examination of a patient with a 
fractured distal radius?
 • The entire upper limb, not just the wrist.
 • The volar surface of the wrist, because small open wounds usually are located here and can be easily missed.
 • A complete neurologic evaluation is mandatory, with particular emphasis on the median and ulnar nerves.
 • The forearm must be assessed for evidence of compartment syndrome, especially in patients with high-energy 
injuries with significant displacement, patients with concomitant injuries of the same upper limb, and patients whose 
clinical examination may be unreliable due to associated head injuries.

 • Examine the elbow clinically and rule out any fractures. If in doubt, obtain radiographs of the elbow.

 10. What is the initial management of a displaced fracture of the distal radius?
Upon completion of the initial clinical and radiographic examination, adequate pain control and splinting are the 
priorities. Narcotic medication may be required and should be used only after a neurologic examination has been 
completed. The affected limb then is elevated and can be provisionally splinted while arrangements are made for an 
expeditious closed reduction of the fracture or arrangements are made to bring the patient to the operating room for 
management of an open fracture, compartment syndrome, or median nerve compression.

 11. How is a “hematoma block” performed for a closed reduction of a distal radius fracture?
A hematoma block consists of instillation of a local anesthetic within the fracture hematoma; 1% or 2% lidocaine 
usually is adequate. In most adults, 10 to 15 mL of anesthetic is instilled via one or two injections placed dorsally with 
a 25-gauge needle at the level of the fracture. The anesthetic is instilled toward the radial styloid as well as toward the 
distal radioulnar joint. If available, a portable mini-image intensifier can aid in accurate placement of the anesthetic. In 
the presence of an ulnar styloid fracture, a separate injection in this location is necessary. Diffusion of the anesthetic 
volarly around the median and ulnar nerves may occur, and patients should be reassured that digital numbness is to 
be expected. Therefore a thorough neurologic exam prior to anesthetic instillation is important. Hematoma blocks, by 
definition, work only within a fresh hematoma, usually within the first 12 to 24 hours. Thereafter, early organization of 
the hematoma prevents adequate diffusion of the anesthetic and usually provides inadequate anesthesia to perform a 
satisfactory closed reduction.

 12. How is a closed reduction of a distal radius fracture performed?
After the hematoma block is performed, it is advisable to wait for a few minutes for it to act. The patient is placed 
supine at the edge of the stretcher. The shoulder is abducted, and the elbow is flexed to 90 °. Commonly, the patient’s 
thumb, index, and middle fingers are placed in finger-trap traction devices, which may be connected to an intravenous 
drip stand. A countertraction weight of 10 to 15 lb is applied via a padded sling to the patient’s arm. The patient is then 
placed in this position for a few minutes for the traction–countertraction system to overcome the displacement and 
muscle spasm that accompanies a fracture. Manipulation starts with gentle extension of the wrist and then flexion while 
the surgeon’s thumbs mold the distal radius by pressing it over the dorsal and radial surfaces. The fracture is reduced 
by applying dorsal pressure to the distal fragment, and it is “milked” back into position.

During this maneuver it is critical to be mindful of the thin skin in this area, because injudicious application of a milking 
maneuver can result in shearing off the skin in this area. Adequate reduction is verified by palpation for step-offs along 
the dorsal and radial surfaces. A well-padded sugar-tong splint is applied to the extremity. It extends from the level of 
the metacarpal necks volarly, goes around the elbow, and ends at the level of the metacarpal necks dorsally. As the 
splint is setting, it is molded into mild flexion and ulnar deviation at the wrist to restore the normal contours of the 
distal radius. It is important not to flex the wrist greater than 10 ° to 15 ° to avoid causing median nerve compression 
at the proximal edge of the carpal tunnel. After completing reduction and immobilization, postreduction radiographs are 
obtained to confirm the quality and stability of the reduction. The patient should receive instructions regarding cast care 
and the importance of elevation and early judicious finger motion.

 13. What is the management of undisplaced intraarticular and extraarticular stable 
fractures of the distal radius?
Short arm casts usually are adequate for these injuries unless the fracture is associated with significant soft tissue 
swelling. Treatment consists of temporary immobilization in a sugar-tong splint. Clinical and radiographic follow-up is 
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performed on a weekly basis. If the position is maintained, a short arm cast is applied within 2 to 3 weeks. The position 
of the wrist is maintained in 10° to 15° flexion and mild ulnar deviation. The cast is removed after 4 to 6 weeks, and 
rehabilitation is commenced.

 14. What are the features of the initial clinical assessment that indicate the need for 
surgical fixation of a distal radius fracture?
Clinically, presence of an open fracture as well as symptoms of median nerve compression that do not resolve after a 
satisfactory closed reduction and immobilization necessitate emergent surgical treatment. Presence of a compartment 
syndrome also requires emergent decompression of the forearm as well as the carpal tunnel and is accompanied by 
stable internal or external fixation of the fracture.

 15. What are the radiographic features that indicate the need for surgical treatment?
 • Excessive comminution (usually dorsal)
 • Initial loss of radial length in excess of 15 mm
 • An initial angulation apex–volar of 20° or more
 • Fracture extension into the metaphysis
 • Concomitant injuries to the bones or ligaments within the carpus

 16. What are some of the common forms of fixation of distal radius fractures?
Fractures of the distal radius can be fixed in a variety of ways. Current data have not proved the clear superiority of 
one method of fixation over the other. Percutaneous pin fixation, percutaneous screw fixation, external fixation with or 
without concomitant percutaneous pin fixation, and open reduction internal fixation with plates placed volarly or dorsally 
are some of the common forms of fixation used for distal radius fractures. Contemporary trends favor the use of volar 
fixed-angle plate fixation for most distal radius fractures (Figs. 154-6 and 154-7).

 17. Which fractures are suitable for percutaneous pin fixation?
Extraarticular fractures that may have displaced while being treated in a cast or splint or extraarticular fractures with 
initial loss of radial length in excess of 15 mm, angulation in excess of 20 °, or associated with dorsal comminution 
are suitable for percutaneous pin fixation. This method is more suitable for young patients with adequate bone stock. 
In addition, grade I or II open fractures may be suitable for percutaneous pin fixation after the open wound has been 
débrided and irrigated (see Fig. 154-6).

A B
Figure 154-6. Postoperative radiographs 
after placement of percutaneous pins for the 
extraarticular fracture shown in Fig. 154-1.
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 18. How is percutaneous pin fixation performed?
Once alignment is achieved and reduction is completed, stabilization is achieved with the help of Kirschner wires. Small 
incisions are used. After the skin is incised, all further dissection is in a blunt spreading manner down to the bone. A drill 
sleeve is highly recommended because the terminal branches of the radial sensory nerve are in close proximity and can 
be injured. A minimum of two 0.062-inch Kirschner wires are used. The first one is inserted through the radial styloid 
and driven across the fracture to engage the proximal metaphysis. The second one can be placed ulnarly over the dorsal 
radial cortex and driven perpendicular to the former, exiting in the volar radial metaphysis. Additional wires might be 
required to achieve stability. Casting is necessary to augment and maintain the reduction after percutaneous pin fixation. 
If the fracture involves an open wound, an external fixator is better suited to augment pin fixation because it allows for 
easier wound care.

 19. Is plate fixation for distal radius fractures performed volarly or dorsally?
There is no right or wrong answer to this question. Most contemporary plating systems rely on a fixed-angle device 
principle and the principle of subchondral support. This means that the screws in the distal fragment are placed in 
a subchondral location and are locked into the plate, making the plate a fixed-angle device. Such a plate construct 
is extremely stable, allowing early rehabilitation to commence. Plate fixation is performed as dictated by the 
fracture geometry. Dorsally applied low-profile plates are as effective as volarly applied plates. Plates applied on the 
dorsal surface rely on the columnar concept of fixation. This means that individual plates address major individual 
fragments (also known as fragment specific fixation), namely, the styloid or radial column and the lunate facet of the 
radius or the intermediate column. There is a greater tendency to develop symptoms of extensor tenosynovitis with 
dorsally applied plates because they can be in very close proximity to the extensor tendons. Plates applied to the 
volar surface of the distal radius rarely cause tendon irritation, although tenosynovitis of the flexor pollicis longus has 
been reported (Fig. 154-8).

 20. What are the common complications of distal radius fractures?
 • Inadequate reduction or loss of reduction leading to malunion
 • Posttraumatic stiffness affecting the hand, particularly the metacarpophalangeal joints if a splint is applied incorrectly
 • Median nerve compression
 • Instability of the distal radioulnar joint
 • Complex regional pain syndrome (CRPS)

 21. What are the characteristics of CRPS, and how is it treated?
CRPS is now also known as sympathetically maintained pain syndrome and formerly was referred to by a plethora 
of names, including Sudeck atrophy/osteodystrophy, causalgia, algodystrophy, and reflex sympathetic dystrophy. It is 
characterized by pain that appears to be out of proportion to the injury and usually manifests within the first few weeks 
after the fracture. It usually is accompanied by stiffness and signs of sympathetic dysfunction, including swelling, color 
changes, temperature changes, and changes in patterns of hair and nail growth. Patients with this condition are often 
best managed in conjunction with the pain management service. Aggressive physical therapy, tricyclic antidepressants, 
and stellate ganglion blocks are some options for treatment.

Figure 154-7. Percutaneous 
screw fixation of the radial styloid 
fracture shown in Fig. 154-2.  
Cannulated screws, which can 
be inserted over a guidewire, are 
commonly used.
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Figure 154-8. Postoperative radiographs after open reduction internal fixation of fractures of the distal radius and scaphoid shown in 
Fig. 154-5. The distal radius was fixed with a volar plate. The distal row of screws lock into the plate, providing a fixed-angle construct, 
and at the same time are placed in a subchondral location to maximize support to the articular surface and maintain its anatomic 
inclination.
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 1. What is an intercarpal arthrodesis?
Intercarpal arthrodesis, also referred to as limited wrist arthrodesis, is the selective fusion of adjacent carpal bones 
within the wrist. It is a proven method for treating specific carpal pathology that maximizes postoperative wrist motion, 
function, and strength while eliminating pain and instability.

 2. Which wrist joints are responsible for flexion and extension?
Both the radiocarpal and midcarpal joints contribute to all phases of flexion and extension motion of the wrist. Two thirds 
of flexion occurs at the radiocarpal joint; one third occurs at the midcarpal joint. Slightly more extension occurs at the 
radiocarpal joint than at the midcarpal joint.

 3. What is the functional range of wrist motion?
The functional range of wrist motion is 5° flexion, 30° extension, 10° radial deviation, and 15° ulnar deviation. Almost 
all activities of daily living are completed within these ranges of motion, all of which usually are surpassed with limited 
wrist arthrodeses. Radioulnar deviation after radiocarpal fusions is the only exception.

 4. Is wrist motion lost after intercarpal arthrodesis? If so, how does the loss compare 
with motion lost after a total wrist arthrodesis?
In the normal wrist, adjacent carpal bones demonstrate motion limitations specific to a given intercarpal joint. Fusion of 
intercarpal joints results in some degree of motion loss; the extent depends on the joint(s) involved in the limited wrist 
arthrodesis. Fusions crossing the radiocarpal joint (e.g., radiolunate arthrodesis) result in the greatest loss of motion; 
fusions crossing the proximal and distal rows of the carpus or midcarpal joint (e.g., capitate–lunate–hamate–triquetral 
arthrodesis or scapholunate advanced collapse [SLAC] reconstruction; see Question 18) result in an intermediate loss 
of motion; and fusions within a single carpal row (e.g., lunotriquetral arthrodesis) result in the least loss of motion (see 
Question 26). When multiple carpal bones undergo fusion, a compensatory increase in motion occurs at the unfused 
joints, thereby maximizing total wrist motion. This adaptation of the carpus is not usually fully achieved until 9 to 12 
months after intercarpal arthrodesis. Total wrist arthrodesis, however, results in complete loss of all wrist motion.

 5. What are the indications for an intercarpal arthrodesis?
Intercarpal arthrodesis addresses a diverse group of wrist disorders, including degenerative disease, rotary subluxation 
of the scaphoid, midcarpal instability, scaphoid nonunion, Kienböck disease, carpal osteonecrosis, and congenital 
synchondrosis or partial fusion of various intercarpal joints.

 6. Why is it critical that unaffected intercarpal joints be left unfused? Are there any 
exceptions?
Unaffected intercarpal joints must be left unfused if motion is to be maintained postoperatively, hence the conceptual 
basis for selective limited wrist fusion. An exception to this principle is the inclusion of the hamate and triquetrum in 
SLAC wrist reconstruction to maximize the surface area for bone graft consolidation.

 7. Why must the normal external dimensions of the carpal bones included in a limited 
arthrodesis be preserved? Are there any exceptions?
Preservation is essential to maintain normal articulations with adjacent bones. Preservation of the external dimension 
of the triscaphe (scaphotrapeziotrapezoid [STT]) joint during arthrodesis is accomplished with a temporary spacer that 
is removed after pin placement. In lunotriquetral arthrodesis, the distal rim of cartilage on the adjacent surface of each 
bone is left intact. This cartilage is an important guide in maintaining reduction and alignment of the bones before fixation. 
SLAC wrist reconstruction (see Question 18), with fusion of the capitate, lunate, hamate, and triquetrum, is an exception 
to this principle. Whereas reduction of the lunate and correction of any dorsiflexion intercalated segment instability (DISI) 
is essential, maintenance of the original external dimensions of the four carpal bones is not. No other intercarpal joints 
remain to be affected. Some collapse of the capitate and hamate on the lunate and triquetrum is tolerated because all 
loads pass directly through the single fused unit and subsequently through the preserved radiolunate joint.
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 8. Why must pin fixation include only bones involved in the arthrodesis?
This technique permits any encountered stresses or loads to be dissipated by motion in the adjacent local joints. 
Inadvertent inclusion of adjoining bones during fixation inhibits the motion of adjacent joints, thus increasing the amount 
of load transferred through the healing arthrodesis and potentially disrupting the fusion site.

 9. Why is the scaphoid susceptible to degenerative arthritic change?
The susceptibility of the scaphoid to degenerative arthritic change is attributable to its anatomy and position within 
the wrist (Fig. 155-1). The articular surface of the distal radius is composed of two articular fossae, a radial fossa for 
the scaphoid and an ulnar fossa for the lunate. The fossa for the scaphoid is ovoid or elliptical, whereas the fossa for 
the lunate is spherical. Part of the sphere is composed of the most radial portion of the triangular fibrocartilage. The 
proximal articular surface of the scaphoid resembles a simple teaspoon with its handle immediately dorsal and radial 
to the position of the relaxed thumb. Flexion and extension occur with full articular contact of the spoon (scaphoid) in 
the elliptical fossa of the radius. If the spoon handle is brought in front of the little finger and flexed so that the handle 
is perpendicular to the long axis of the forearm, the contact surface of the spoon in the elliptical fossa is disrupted. 
When this occurs, the proximal spoon surface (scaphoid) lies on the radial edges of the elliptical fossa, and fairly rapid 
destruction between the scaphoid and radius occurs in these regions.

 10. What is a triscaphe arthrodesis?
Triscaphe arthrodesis is a fusion of the scaphoid, trapezium, and trapezoid bones and is often referred to as an STT 
fusion. A single bony unit is created with external dimensions identical to those of the three carpal bones before fusion. 
Preservation of the external bony dimensions is necessary to prevent carpal collapse and excessive loading of the capitate, 
which ultimately result in degenerative change and instability of the lunocapitate column followed by SLAC wrist (see 
Question 15).

Indications for triscaphe arthrodesis include symptomatic rotary subluxation of the scaphoid, degenerative disease of 
the triscaphe joint, nonunion of the scaphoid, Kienböck disease, scapholunate (SL) dissociation, traumatic dislocations, 
midcarpal instability, and congenital synchondrosis of the triscaphe joint. Triscaphe arthrodesis provides a stable radial 
column for load transfer across the wrist to the radius and permits the unloading of carpal units no longer capable of 
bearing load, such as the lunate in Kienböck disease. In addition, it provides stability and strength to a wrist affected by 
the pathomechanics of rotary subluxation of the scaphoid or midcarpal instability.

 11. What is rotary subluxation of the scaphoid? How is it treated?
Rotary subluxation of the scaphoid (RSS) is a well-recognized entity in which the SL articulation is disrupted and the 
wrist develops a pattern of instability with loading. It is classically described as a diastasis between the scaphoid and 
lunate with dorsal displacement and rotation of the proximal pole of the scaphoid. Disruption of the ligamentous support 
of the proximal pole permits it to rotate dorsally while the distal pole rotates volarly, producing an increased SL angle 
on lateral radiographic examination with the scaphoid lying more perpendicular to the long axis of the forearm. This 
deformity produces a scaphoid with abnormal motion that may subject the radioscaphoid joint to abnormal loading 
stresses, eventually resulting in destruction of the joint.

Patients with RSS present with various combinations of five consistent complaints: (1) activity pain, (2) postactivity pain, (3) 
activity modification, (4) carpal tunnel syndrome symptoms, and (5) wrist ganglions. All patients present with at least three 
of these historical findings; many patients present with all five. Radiographic findings on the neutral posteroanterior (PA) 
view may include foreshortening of the scaphoid, a positive ring sign, and an increased SL gap. Radiographic findings on 
the neutral lateral view may include a SL angle greater than 70° and a DISI deformity of the lunate (Fig. 155-2). RSS is best 
treated with a triscaphe arthrodesis to stabilize the scaphoid and radial column of the carpus.

 12. How is a triscaphe arthrodesis performed?
The triscaphe joint is approached through a transverse dorsal wrist incision just distal to the radial styloid. The radial 
styloid is exposed, and the distal 5 mm of the styloid is resected. The triscaphe joint is approached through a transverse 

Spherical fossa

Elliptical fossa
TFC

Figure 155-1. Distal radius and ulna anatomy. An end-on view of the distal radius and ulna shows the elliptical scaphoid fossa and the 
spherical lunate fossa. The radial portion of the triangular fibrocartilage (TFC) contributes to the support mechanism for the lunate.
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capsular incision between the extensor carpi radialis longus and brevis tendons. The articular surfaces and the 
subchondral hard cancellous bone of the scaphoid, trapezium, and trapezoid are removed with a rongeur. The cortex 
dorsal to the articular cartilage on the trapezium and trapezoid also is removed to broaden the surface area for grafting.

Two 0.045-inch Kirschner wires (K-wires) are passed percutaneously and preset through the trapezoid up to the fusion 
site to be driven into the scaphoid. The scaphoid is reduced, and a 5-mm spacer, usually the handle of a small hook, 
is placed into the scaphotrapezoid space to maintain the original external dimensions of the triscaphe joint. The preset 
pins are driven from the trapezoid into the scaphoid, avoiding placement into the radioscaphoid joint or radius, and the 
spacer is removed.

Cancellous bone graft, harvested from the distal radius, is densely packed into the spaces between the scaphoid, trapezium, 
and trapezoid. The pins are cut beneath the skin level, and the skin incisions are closed with a single-layer subcuticular 
monofilament suture. The wrist capsule and extensor retinaculum are simply realigned without suturing. The postoperative 
dressing consists of a bulky noncompressive wrap incorporating a long arm plaster splint. The hand is placed in a protected 
position with the wrist in slight extension and radial deviation, the forearm neutral, and the elbow at 90° (Fig. 155-3).

 13. What is the key to performing a successful triscaphe arthrodesis?
The most important step in triscaphe arthrodesis is reduction of the scaphoid. The normal SL angle is approximately 47° 
to the long axis of the forearm. Scaphoid reduction is accomplished by placing the wrist in full radial deviation and 45° 

A B

Figure 155-2. Rotary subluxation of the scaphoid. A, Neutral posteroanterior view shows foreshortening of the scaphoid, a positive ring 
sign, and an increased scapholunate gap. B, Neutral lateral view shows a scapholunate angle of 90° and a dorsiflexion intercalated segment 
instability deformity of the lunate.

A B

Figure 155-3. Triscaphe (scaphotrapeziotrapezoid) arthrodesis. A, Radiographic examination 6 weeks after triscaphe arthrodesis shows 
typical pin placement and adequate bony consolidation. B, Three months after fusion, the arthrodesis is radiographically solid.
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of dorsiflexion. The scaphoid tuberosity is reduced by the surgeon’s thumb to prevent scaphoid overcorrection. Pinning 
is performed as described, after which the scaphoid should lie at approximately 55° to 60° of palmar flexion relative to 
the long axis of the radius when seen from the lateral view. This position ensures optimal radioscaphoid congruity and 
maximizes postoperative range of motion. It is not necessary to correct abnormal rotation of the lunate.

 14. Are there any absolute contraindications to a triscaphe arthrodesis?
Triscaphe arthrodesis is contraindicated if significant degenerative change is found at the radioscaphoid joint.

 15. What is SLAC wrist?
SLAC wrist is the most common pattern of degenerative disease of the wrist, accounting for 57% of all periscaphoid 
arthritis. The scaphoid is the weak link in the wrist with regard to degenerative disease, and the specialized radioscaphoid 
joint is particularly susceptible. Rotation, fracture nonunion, or necrosis of the scaphoid may produce a collapse pattern 
on the radial side of the wrist, ultimately leading to degenerative disease or SLAC destruction, which occurs first between 
the radial styloid and the scaphoid (stage IA). With progressive degenerative disease, complete destruction of the 
radioscaphoid joint occurs with collapse of the articular space (stage IB). Once this collapse has occurred, whether it is 
secondary to scaphoid instability or scaphoradial in nature, the capitate–lunate joint is unable to bear loads normally. 
The capitate drives off the radial or dorsal radial portion of the distal lunate articular surface, causing cartilage shear 
stress with eventual destruction of the capitate–lunate joint and resultant midcarpal SLAC (stage II) (Fig. 155-4).

A

C

B

Figure 155-4. Stages of scapholunate advanced collapse (SLAC) wrist. A, SLAC changes are seen earliest at the radial aspect of the 
radioscaphoid joint beginning at the radial styloid (stage IA). B, Subsequently, the remainder of the radioscaphoid joint is involved (stage IB). 
C, Finally, destruction of the capitate–lunate joint occurs (stage II). Isolated involvement of the capitate–lunate joint also may be seen and is 
referred to as midcarpal SLAC.
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 16. Which conditions predispose to the development of SLAC wrist?
The most common cause of SLAC wrist is rotary subluxation of the scaphoid followed by scaphoid nonunion. Other 
conditions that produce SLAC degeneration include Preiser disease, midcarpal instability, intraarticular fractures 
involving the radioscaphoid or capitate–lunate joints, and Kienböck disease (tertiary to the secondary RSS).

 17. Which joint in the wrist is virtually never involved in degenerative disease? Why not?
The key to reconstruction of the SLAC wrist lies in the radiolunate joint, which is highly resistant to degenerative change 
and is preserved at all stages of the SLAC sequence. The articulation of the lunate with the radius is spherical; thus the 
lunate can be moved volarly or dorsally, radially or ulnarly, and the proximal articular surface of the lunate will still be 
perpendicularly loaded. Even with significant displacement of the lunate into volarflexion intercalated segment instability 
(VISI) or DISI, the radiolunate joint usually is preserved.

 18. How is SLAC wrist reconstruction performed?
SLAC wrist reconstruction involves excision of the scaphoid and arthrodesis of the capitate, lunate, hamate, and 
triquetrum. This procedure, also referred to as a four-corner fusion, is performed with two parallel dorsal incisions: 
one over the radiocarpal joint and one proximally over the distal radial aspect of the radius for bone graft harvest 
(same incisions as for the triscaphe arthrodesis). After incising the extensor retinaculum along the third compartment, 
a transverse incision is made through the wrist capsule at the level of the capitate–lunate joint. The scaphoid is 
approached in the interval between the extensor carpi radialis longus and brevis and removed in piecemeal fashion with 
a rongeur.

Longitudinal traction on the fingers permits exposure of the radiolunate joint and confirmation that it is well 
preserved. Articular cartilage and subchondral bone are removed from the adjacent surfaces of the capitate, lunate, 
hamate, and triquetrum. Cancellous bone is harvested from the distal radius. Three 0.045-inch Kirschner wires are 
passed percutaneously and preset through the capitate, hamate, and triquetrum up to the fusion site to be driven 
into the lunate. A fourth wire is preset into the triquetrum to be driven into the capitate. Part of the cancellous graft 
is packed in the deep interval between the capitate and lunate. After correction of any DISI deformity of the lunate 
(see Question 19), the preset pins are driven into the lunate from the capitate, hamate, and triquetrum and from the 
triquetrum into the capitate. Bone grafting, closure, and postoperative dressings are the same as for the triscaphe 
arthrodesis (Fig. 155-5).

 19. What is the key to performing a successful SLAC wrist reconstruction?
The most important step in SLAC wrist reconstruction is correction of the commonly associated DISI deformity of the 
lunate. The capitate must be volarly and ulnarly displaced on the lunate to prevent the DISI position and to align the 
hand over the radius–lunate joint. A buttress pin running dorsally into the lunate abutting the dorsal edge of the radius 
can be used to maintain the lunate in a slight VISI position. A joker (similar to a Freer) placed across the distal lunate 
surface and used as a lever will suffice for position control. It is important to bring the capitate ulnarly and to align it 
centered on the lunate. Inadequate reduction of the DISI deformity of the lunate at the time of arthrodesis not only leads 
to loss of carpal height but also limits the available arc of radiolunate motion.

A B

Figure 155-5. Scapholunate advanced collapse (SLAC) wrist reconstruction. A, Radiographic examination 6 weeks after SLAC 
reconstruction with limited wrist arthrodesis and scaphoid excision shows typical pin placement and adequate bony consolidation.  
B, Six months after SLAC reconstruction, the arthrodesis is radiographically solid and the radiolunate joint well preserved. Note the ulnar 
displacement of the capitate on the lunate, which tightens the radioscaphocapitate ligament and prevents ulnar translation.
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 20. Are there any absolute contraindications to SLAC wrist reconstruction?
Patients who present with SLAC wrist in conjunction with lunate or radiolunate pathology are not candidates for this type 
of reconstruction. Significant ulnar translation, which disrupts the concentric congruity of the radiolunate articulation and 
predictably leads to joint destruction, osteonecrosis of the lunate (as in Kienböck disease), and preexisting radiolunate 
degenerative change, are absolute contraindications to SLAC wrist reconstruction. The salvage procedures under these 
conditions include proximal row carpectomy and wrist arthrodesis.

 21. What are the most common patterns of degenerative disease of the wrist?
In its normal anatomic position, the scaphoid articulates with the radius at the radiocarpal joint and with the trapezium 
and trapezoid at the triscaphe joint. Therefore it is not surprising that approximately 95% of all degenerative disease of 
the wrist is periscaphoid in origin. Review of more than 4000 radiographs of the wrist yielded 210 films demonstrating 
degenerative arthritic change. The SLAC pattern of degenerative change was seen in 57%, triscaphe joint arthritis in 
27%, and a combination of both in 15%.

 22. What is a congenital carpal synchondrosis? Which intercarpal joint is most commonly 
involved?
Cavitation of a common cartilaginous precursor during the fourth to eighth weeks of intrauterine life results in the 
formation of individual carpal bones. Incomplete cavitation results in congenital carpal synchondrosis or incomplete 
separation of the carpal bones, which becomes radiographically apparent as the carpus ossifies. This occurs most 
commonly at the lunotriquetral joint, where the joint has the pathognomonic appearance of a fluted champagne glass. 
The distal portion of the joint usually has normal cartilage development, whereas proximally normal joint development 
has been arrested, predisposing it to degenerative joint disease. The capitate–hamate joint is the next most commonly 
involved. Such anomalies occur rarely, are generally believed to be asymptomatic, and usually are discovered as 
incidental findings during radiographic evaluations for minor trauma.

 23. Why might a congenitally fused intercarpal joint require subsequent arthrodesis?
Congenital synchondrosis of a joint can be recognized radiographically by the presence of bone where articular cartilage 
should be found. This unique radiographic finding is diagnostic of this interesting anomaly. In degenerative arthritis, on 
the other hand, the articular cartilage has developed and subsequently been worn away; as a result, the normal bony 
surfaces approach one another. The spectrum of synchondrosis ranges from partial to complete fusion, depending on 
the degree of formation of the articular cartilaginous elements. Degenerative disease may result from motion within 
a partially fused intercarpal joint that possesses inadequate cartilage to tolerate loading, necessitating a limited wrist 
arthrodesis.

 24. What are the indications for limited wrist arthrodesis of the lunotriquetral joint?
Pathology arising from the lunotriquetral (LT) joint is a known cause of ulnar wrist pain. Indications for limited 
wrist arthrodesis of this articulation include LT joint instability, degenerative arthritis, and symptomatic congenital 
synchondrosis or incomplete separation of the lunate and triquetrum. Patients with LT pathology usually experience pain 
by palpation directly over the LT joint or by shear loading of the joint while performing an LT ballottement test.

 25. How is an LT arthrodesis performed?
The LT joint is exposed through a transverse dorsal ulnar incision centered over the joint, and the adjacent articular 
surfaces are removed with a dental rongeur. The distal margins of cartilage are left intact to preserve the relationship 
of the two bones and to help maintain alignment during fixation. During removal of the articular surfaces, a biconcave 
space is created to centralize any loads and to aid in preventing displacement of grafted bone. Two 0.045-inch 
Kirschner wires (K-wire) are preset into the triquetrum in parallel fashion. The joint is reduced using the preserved 
margins as guides, maintaining the normal external dimensions of the bones, and the K-wires are driven into the 
lunate. The biconcave space is densely packed with cancellous bone graft. A long arm dressing incorporating a 
dorsal splint is applied.

 26. Which intercarpal arthrodesis results in the greatest loss of wrist motion? Which 
results in the least loss of motion?
Of the intercarpal arthrodeses, the four-bone SLAC wrist reconstruction results in the greatest loss of wrist motion. 
This fusion crosses the midcarpal joint and involves four intercarpal joints (lunate–capitate, triquetrum–hamate, 
lunate–triquetrum, capitate–hamate). The average range of motion after SLAC reconstruction is approximately 60% 
of the contralateral normal wrist. The average range of motion after triscaphe arthrodesis is approximately 80% of the 
contralateral normal wrist. Arthrodesis of the LT joint, typically regarded as the tightest joint in the wrist, results in the 
least loss of carpal motion.

 27. What is the optimal bone graft donor site for intercarpal arthrodesis?
The distal radius provides an ample supply of cancellous bone in the same operative field, with minimal morbidity.
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 28. How is bone graft harvested from the distal radius? The identification of which 
structure is helpful during graft harvest?
A 3-cm transverse incision is made approximately 3 cm proximal to the radial styloid, extending from the site of 
Lister’s tubercle dorsally to a point just volar to the first dorsal compartment. A flat periosteal surface is exposed 
between the first and second extensor compartments; this surface is identified by a constant periosteal artery that runs 
longitudinally in the region. The periosteum is incised longitudinally along this small, dispensable artery and elevated to 
permit removal of a teardrop-shaped cortical window approximately 2 cm long × 1.5 cm wide with a narrow, straight 
osteotome. Harvest of the cortical window begins distally on the radial tuberosity. Adequate cancellous bone graft is 
harvested with an 8-mm curette, and the cortical window is replaced. The cortical window is held securely in place 
simply by repositioning the overlying periosteum and extensor tendons.

 29. Can SL dissociation be treated with a SL limited wrist arthrodesis?
Absolutely not. SL limited wrist arthrodesis may seem an ideal approach to the management of SL dissociation, but 
there are several important reasons why this is not so. Perhaps the most obvious is the difficulty of achieving union by 
fusion of the relatively small articular surfaces of the two bones. Cancellous contact areas are inadequate; therefore 
nonunion rates are predictably high. However, there are two other compelling reasons to avoid this procedure. The first 
reason is that any limited wrist arthrodesis requires sufficient bone to carry the load of the carpus. The banana-shaped 
SL combination provides inadequate bony volume to carry the loads that this fusion would be required to bear and would 
result in carpal symptoms. The second reason is based on the fact that the scaphoid and lunate reside in two different 
fossae on the same bone. A ridge is typically found between the fossae on the radius and is occasionally substantial. 
Fusing the scaphoid to the lunate would remove the small but necessary degree of motion between the bones and result 
in decreased range of motion compared with the SLAC reconstruction and degenerative change of the radiocarpal joint.

 30. Both scaphoid–capitate arthrodesis and triscaphe arthrodesis are used to treat 
scaphoid instability. How do the procedures differ biomechanically?
Scaphoid–capitate arthrodesis and triscaphe arthrodesis are two distinct operations. The scaphoid–capitate fusion 
transmits load directly across the fusion site from the capitate to the scaphoid and then to the radius. With triscaphe 
arthrodesis, the loads are not transmitted primarily through the fusion site. In fact, most of the load passes from the 
capitate across normal cartilage to the scaphoid and again across normal cartilage to the radius. Arthrodesis of the 
triscaphe joint prevents the proximal pole of the scaphoid from displacing beneath the capitate under load, but the 
fusion does not carry the load. The normally small amount of motion between the capitate and scaphoid gradually 
increases and provides a significant difference in wrist motion between the two types of limited wrist arthrodesis.

 31. What are the indications for a radiolunate arthrodesis in nonrheumatoid patients?
Destruction of the radiolunate joint and ulnar carpal translation are the only indications for radiolunate arthrodesis in 
nonrheumatoid patients. Destruction usually results from dye-punch fractures involving the spherical lunate fossa on 
the distal radius. This type of limited wrist arthrodesis also may be indicated for wrist stabilization in the management 
of ulnar translation. The procedure requires sufficient distal radius bone graft to elevate the lunate and thereby prevent 
loss of carpal height. Overcorrection of the position of the lunate on the radius by slightly excessive elevation is well 
tolerated by the wrist and, in fact, is preferred. Undercorrection of the lunate position with loss of carpal height results in 
decreased wrist motion and wrist instability.

 32. What is an absolute contraindication to radiolunate arthrodesis?
Destruction of the capitate–lunate joint is an absolute contraindication to this procedure because wrist motion depends 
on this midcarpal joint after radiolunate arthrodesis.

 33. How is the wrist managed after intercarpal arthrodesis?
Our postoperative management is similar for most intercarpal arthrodeses, including triscaphe fusions and SLAC 
reconstructions. Maximal initial immobilization is mandatory for these small bone fusions. Three to five days after 
surgery, the bulky intraoperative dressing is removed, and a long arm, thumb spica cast is applied (short arm cast 
is used after LT arthrodesis). The proximal carpal row is easily immobilized by casting the forearm and arm, but it is 
difficult to maintain adequately the position of the distal carpal row. Therefore the metaphalangeal joints of the index 
and middle fingers are flexed to 80° to 90° and are included in the long arm cast, whereas the interphalangeal joints 
are left free. The index and middle metacarpals are mortised into the carpals as the “fixed unit” of the hand. Thus their 
immobilization tends to maintain the position of the distal carpal row. Because there is relatively free motion at the 
base of the ring and little metacarpals, they are not included in the cast. As with any thumb spica cast, the thumb is 
immobilized to the tip. We refer to this type of immobilization as a “Groucho Marx” cast because it is reminiscent of the 
comedian’s classic pose holding a cigar.

Four weeks after limited wrist arthrodesis, the long arm cast and intracuticular sutures are removed. A short arm, thumb 
spica cast is applied for an additional 2 to 3 weeks. Only the thumb is included in the cast. Six weeks postoperatively, 
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the short arm cast is removed, and radiographs are obtained. If radiographic evidence of union is seen, the pins are 
removed and the wrist is mobilized.

 34. What is the incidence of complications after intercarpal arthrodesis?
Triscaphe arthrodesis has been an extremely reliable procedure, and complications are relatively few (approximately 1000 
procedures have been performed). Nonunion has been extremely uncommon with a rate of 1% to 3%, depending on the 
indication for limited wrist arthrodesis. Infection, hematoma, and transient neurapraxias have been rare in our experience. 
Degenerative change at the radioscaphoid joint, consistent with SLAC wrist, occurred in 1.5% of cases, necessitating 
subsequent SLAC reconstruction. However, radiolunate degenerative change was not observed in any case.

Complications after almost 300 SLAC wrist reconstructions include nonunion in 1% of cases, wound infection in 1%, and 
reflex sympathetic dystrophy in 1.5%. Dorsal impingement between the capitate and radius after SLAC reconstruction 
required revision arthroplasty in 13% of patients. Inadequate reduction of the DISI deformity of the lunate at the time 
of arthrodesis not only leads to loss of carpal height but also limits the available arc of radiolunate motion. During wrist 
extension the capitate approaches the dorsal lip of the radius, where impingement may occur with associated pain. 
Coaxial alignment of the lunate with the capitate is essential for optimal outcome.

Complications after performing 26 LT limited wrist arthrodeses using the cancellous biconcave technique include reflex 
sympathetic dystrophy in one patient and pin migration, necessitating early removal of the K-wires, in one patient. There 
were no nonunions in this series.
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A
Abdomen

injuries to, in children, 290
open wound management in, 41

Abdominal wall
adynamic, role in lumbosacral pain, 596
anatomy of, 532–534, 533f, 594–595
blood supply to, 532–537, 532f, 595
functional role of, 594–603
innervation of, 595–596
musculature of, 594
musculoskeletal laxity repair in, 535
reconstruction of, 594–604

“separation of components” technique for, 57
tissue expansion of, 25, 603
venous and lymphatic drainage of, 595

Abdominoplasty, 532–537, 546, 547f
in combination with liposuction, 540
fleur-de-lis, 534
versus liposuction, 540

Abduction test, 950
Abductor pollicis longus tendon, 744, 744f
Abductor tendon transfers, 828, 828f, 829f
Abscess

of the breast, 460
“collar-button,” 740, 848
dorsal hand, 848
“horseshoe,” 740–741, 849
intracranial, frontal sinus fracture-related, 292
in intravenous drug abusers, 850
of the midpalmar space, 849
orbital, frontal sinus fracture-related, 292
of the thenar space, 848–849

Absorbable plating systems, for pediatric facial fracture  
treatment, 287

Abston, Sally, 669
Accutane, as contraindication to laser facial resurfacing, 558
Acid burns, 652, 653t, 654
Acne flares, 557–558
Acquired immunodeficiency syndrome (AIDS), 128
Acrocephalosyndactyly, 136, 239

type I.
see Apert syndrome
type II.
see Crouzon syndrome
type III.
see Saethre-Chotzen syndrome
type IV.
see Pfeiffer syndrome

Acrocephaly, 199–201
Acrosyndactyly, 770
Active mobilization protocols, in hand rehabilitation, 929–930
Acyclovir, 553
Addictive disorders.

in plastic surgeons, 69
See also Alcohol abuse; Intravenous drug abusers

Adduction test, 952

Adductor canal syndrome, 888
Adenoid cystic carcinoma, of the skull base, 257
Adenoma

pituitary, 258, 471
salivary gland pleomorphic, 258

Adnexal carcinoma, 105, 110–111
Adrenal tumors, as gynecomastia cause, 471
Advertising, by plastic surgeons, 69
Aesthetic procedures.

annual number performed, 579–584
ethics of, 66–67
indications for, 63
See also specific procedures

Aging.
effect on wound healing, 7, 647
photoaging, 551, 552t
See also Face, aging

Airway assessment, of burn patients, 643, 644
Airway obstruction, 18

in burn patients, 643
facial injury-related, 275
nasal fracture-related, 297
panfacial fracture-related, 328–329
signs and symptoms of, 276

Alar batten grafts, 519, 519f
Alar cinch, 571, 572f
Albinism, 104
Albumin, 662
Alcohol abuse

in Dupuytren’s disease patients, 903
as oral cancer risk factor, 410

Alkali burns, 652, 653t, 654–655
Allen classification system, for fingertip injuries,  

780–781, 780f
Allen’s test, 691, 743, 751
AlloDerm, 32, 540, 582t
Allografts, 677

bridge to, 681–682
parental, 682
for posttraumatic cranial vault defects, 335
versus xenografts, 681, 681t

Alloplastic implants, 28–32
for chin augmentation, 574
during craniosynostosis reconstruction, 208
for facial skeleton augmentation, 564–567, 565f
for orbital floor reconstruction, 304
in orthognathic surgery, 571, 572f
for posttraumatic cranial vault defects, 335

Alopecia, 117
androgenic, 123, 124f, 126–127
burn-related, 672, 672f
nonandrogenic, 123
See also Baldness

Alpha-hydroxy acids, as chemical peel agents, 551–552
Alveolar artery, in Le Fort I maxillary segment, 190
Alveolar construction, risk associated with, 149
Alveolar fractures, 276

Page numbers followed by b, indicate boxes; f, figures; t, tables.
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Alveolar ridge distraction, 212
American Board of Plastic Surgeons, 50–51, 61
American Joint Committee on Cancer, 460
American Medical Association, 60
American Society of Aesthetic Plastic Surgeons, 579–584
American Society of Plastic Surgeons, Code of Ethics, 68, 69
Ammonia, anhydrous, 656
Amniotic band syndrome, 251
Amniotic fluid, role in wound contraction and healing, 45, 47
Amniotic membrane, use as temporary burn dressing, 681–682
Amputated body parts

ectopic replantation of, 854, 869
heterotopic replantation of, 854
reuse of, 614, 869
storage of, 851, 854

Amputation
of arteriovenous malformations, 874
burn injury-related, 668
congenital, 770
of the fingers, 788, 864–867, 864b, 865b, 866b

in children, 780
of the hand, 864–867, 865b

diabetic hand infection-related, 850
transverse, 864–867, 865b

indications for, 869
lower-extremity

for tibial-level injury, 613
ulcer-related, 616–625

Amputation patients, evaluation of, 851
ANA junction substitution maneuver, 953
Anastomosis

coupled, 713
end-to-end versus end-to-side, 713
lymph node-venous, 633–634
Marinacci, 886
Martin-Gruber, 885
microvascular, 413, 713–714
Riche-Cannieu, 886

Anatomic snuffbox, 745, 950, 967
Andy Gump deformity, 416–420
Anemia

burn wound, 645
Fanconi’s, 856

Anesthesia, 15–20
alkalinization of, 763
for augmentation mammaplasty, 441–442
for Botox injections, 580
death during, 18
for facial rejuvenation surgery, 482
for fingertip injuries, 788
general

in myocardial infarction patients, 19
in surgical outpatients, 19–20

for hand surgery, 760–766
induction of, 17
ionized and nonionized forms of, 18–19
length of, 20
for lip reconstruction, 402
orbital floor fracture-related, 303
“plexus,” 760–761

Aneurysm, true differentiated from false, 872
Angiofibroma, of the skull base, 258
Angiogenesis, 73, 74–75
Angiography

for facial injury assessment, 275
for skull base tumor evaluation, 259

Angiomatosis, choroidal, 116–117
Angiosomes, 685–686

perforators of, 704, 704f
See also Flaps; perforator

Angle classification system, for dental malocclusion, 166, 166f, 187–191, 
187f, 241, 241f

Ankle
blood supply to, 611
defects of, local coverage for, 16
wound coverage for, 611

Anterior ethmoid nerve injury, as nasal tip numbness cause, 295–296
Anterior interosseous nerve syndrome, 887
Antibacterial agents, use on problematic wounds, 36–37
Antibiotic prophylaxis

for alloplastic implantation patients, 32
for augmentation mammaplasty patients, 442
for chemical peel or dermabrasion patients, 553
contraindication in burn victims, 644

Anticoagulation.
use in microsurgery patients, 712
use in replantation patients, 854
See also Leeches

Anular bands, 770, 771
Apert syndrome, 136, 240t, 773–774

differentiated from Crouzon syndrome, 201, 201t
distraction osteogenesis treatment for, 226, 231–232, 233
fibroblast growth factor-2 mutations in, 197
frontal bone advancement in, 205
hand anomalies associated with, 201
limb anomalies associated with, 242
orbital hypertelorism associated with, 235
radiologic evaluation of, 284
supernumerary teeth associated with, 167

Apical ectodermal ridge, 767
Aplasia cutis congenita, 424
Apligraf, 5
Aponeurosis, 422
Arcade of Struthers, 890
Argenta, Louis, 38
Aristotle, 62, 64
Arnold’s nerve, in oropharyngeal carcinoma, 28
Arrhythmias, chemical peeling agent-related, 551
Arterial insufficiency, post-replantation surgery, 852
Arterial occlusive disease, 620–621
Arteriogram, for brachial plexus injury evaluation, 894
Arteriovenous fistula, 117–118
Arteriovenous malformations, 114, 115, 118, 874
Arthritis.

basal joint, 909
carpometacarpal, 909
frostbite-related, 660
of the hand, 756
joint protection techniques in, 931
juvenile, 966
of the wrist, 971, 1007
See also Rheumatoid arthritis

Arthrodesis, 836–837
versus arthroplasty, 810
glenohumeral, 837
small joint, 806–810
of the wrist, 992–993

intercarpal (limited wrist), 976–977, 977f, 1002–1009
as Kienböck disease treatment, 976–977, 977f
triscaphe, 1003–1005, 1004f

Arthrogryposis, 772, 965
Arthrogryposis multiplex congenita, 775
Arthropathy

inflammatory, imaging of, 759
neuropathic Charcot, 622

Arthroplasty
versus arthrodesis, 810
of the rheumatoid wrist, 992
small joint, 810–812

Arthroscopic procedures
for carpal instability evaluation, 981
for scaphoid fracture fixation, 970
for triangular fibrocartilage complex evaluation, 985

Articular/nonarticular maneuver, 946, 947, 948f
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Ascorbic acid, use in facial rejuvenation, 579
Aspiration.

during anesthesia induction, 17
facial fracture-related, 275
See also Fine-needle aspiration

“Assembly line,” 739
Atasoy-Kleinert volar V-Y technique, 791f
Auriculotemporal nerve

in oropharyngeal carcinoma, 396
as scalp innervation, 422

Autografts, 677, 681–682
Autoimmune diseases, reflex sympathetic dystrophy as, 927
Autologen, 540
Autologous tissue, use in breast reconstruction, 462–465
Autonomy, 63–64
Autoparalytic syndrome, 432
Autosomal dominant syndromes, of the breast, 460
Avulsion injuries

to fingers, 847, 850, 854
to flexor pollicis longus tendon, 865b
to teeth, 317

Axilla, borders of, 459
Axillary artery, 893
Axillary nerve, 893f
Axillary technique, of brachial plexus nerve block, 761–762, 764
Axonotmesis, 880, 881t, 896

B
“Baby-sitter” principle, 434, 434f
Bacteria.

removal from wounds, 35
as wound contaminants, 35
See also names of specific bacteria

Bacterial cultures, 37
Bacterial infections.

effect on wound healing, 33
See also specific types of bacterial infections

Baldness, pattern, 123
male, 123

Ballottement tests, 950, 950f, 983
Bands of Büngner, 881
Bands of Fontana, 881
Bariatric surgery, body contouring after, 542–548
Basal cell carcinoma, 103–104

of the ear, 399
excision/surgical treatment of, 15, 105–106, 110–111

CPT coding for, 56, 59
of the eyelids, 389–390
infiltrative, 103
metastatic potential of, 919
recurrence of, 106, 107, 111
superficial, 103, 105
types of, 104–105

Basal cell nevus syndrome, 104
Basic fibroblast growth factor, 47, 872
Basic science research, advances in, 72–77
“Bathtub” deformity, 23
Baze-Dupre-Christol syndrome, 104
Bell’s palsy, 428
Beneficence, 63
Berkow chart, for burn size estimation, 644, 645t
Bernard operation, 368, 369f
Bevacizumab (Avastin), 75
Biceps muscle, as axillary border, 459
Biddenden Maids, 270
Bier blocks, 19, 765–766
Biopsy

of basal cell carcinoma, 105
of breast lesions, 458–459, 460
of hand masses, 922
of lymph nodes, 351
of malignant melanoma, 101
of the parotid gland, 360

Biopsy (Continued)
of rheumatoid synovium, 989
sentinel lymph node, 101
of skull base tumors, 259
for vascular anomaly diagnosis, 114

Bite wounds, 849–850
toxic, 41–42

Blast injuries, 649, 838
Blepharochalasis, 487
Blepharodermatochalasis, 487
Blepharophimosis, 392
Blepharoplasty, 487–497

liability issues associated with, 51f
transconjunctival, 490

Blepharoptosis, 487, 491
Blindness, zygoma fracture treatment-related, 314
Blood flow, in expanded tissue, 21–22
Blood glucose levels, stress- or injury-related increase  

in, 661–662
Blood pressure monitoring.

in lymphedematous extremities, 634–635
See also Hypertension; Hypotension

Blood transfusions
in craniofacial surgery patients, 137
in orthognathic surgery patients, 195

Blood vessels.
antigenicity of, 725
perforator, 704, 704f.
See also Flaps, perforator
see specific arteries and veins

Blowout fractures, 57, 302, 302f, 343
CPT coding of, 57

Blue rubber bleb nevus syndrome, 118, 874
Blunt trauma, craniofacial, 278

to the orbit, 282
as panfacial fracture cause, 326
as vision loss cause, 319

Body contouring, 538–541, 542–548
Body dysmorphic syndrome, 51
Body lift

lower, 546–547
upper, 546

Body mass index (BMI), 542
Bone

antigenicity of, 725
calvarial, formation and ossification of, 144, 145
defects of

filling of, 344
large, 74

irradiated, use in distraction osteogenesis, 215
See also names of specific bones

Bone dust, 344
Bone formation.

see Osteogenesis
Bone grafts

allogeneic, 74, 304
alveolar, 176–177
alveolar cleft, 163
autogenous, 74, 304
cranial, harvest sites of, 284
for intercarpal arthrodesis, 1007–1008
for lower extremity reconstruction, 614
for mandibular reconstruction, 417, 418, 419f, 419t
for maxillary fracture treatment, 318
for nasal reconstruction, 384–385
for oral cavity reconstruction, 412–413
for orbital floor reconstruction, 304
for the orbit and maxilla, 318
in orthognathic surgery patients, 192
for panfacial fracture repair, 327
for small joint arthrodesis, 808
“take” of, 279
vascularized radial, 978
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Bone morphogenetic proteins, 73–74
in craniosynostosis, 197
in distraction osteogenesis, 215

Bone scans, for sympathetically maintained pain syndrome diagnosis, 926
BoneSource, 30
Bone tissue engineering, 74
Bone transport, 614
Bone tumors, of the hand, 756, 757
Bonnet-Dechaume-Blanc (Wyburn-Mason) syndrome, 117–118, 118t
Botulinum toxin type A (Botox), use in facial rejuvenation, 579, 580–581

application prior to laser skin resurfacing, 557
Boutonnière deformity, 746, 823, 990
Bovine collagen, use as soft tissue filler, 582t
Bowen’s disease, 104
Brachial plexus, 893–899

anatomy of, 760, 760f, 893–894, 893f
compression of, 887
injuries to, 835, 836, 894–895, 895t
nerve blocks of, 761–764, 762f
palsy of, 835–836, 837
reconstruction of, 896–897

Brachioplasty, 540, 546f, 547
Brachycephaly, 136f, 205–207, 239
Brachydactyly, 242
Brachysyndactyly, 591
Braden scale, for pressure ulcer risk assessment, 626
Brain, growth of, 137
Brain plasticity, in hand transplant recipients, 733
Brain volume, 197
Branchial arches, 253, 347–354, 347t, 427

congenital abnormalities of, 352–353
embryologic development of, 139

Branchial cleft, cysts of, 347–348
BRCA1/BRCA2 genes, 458, 461
Breast

aesthetically-pleasing, 453–457
augmentation of.
see Mammaplasty, augmentation
blood supply to, 446–451, 446f, 455
constricted, 456–457
development of

effect of scar burns on, 672
phases of, 453

diseases of, 458–461
following massive weight loss, 544–545, 546
innervation of, 446–447, 447f, 455
male, gynecomastia of, 470–474
normal, 453
ptosis of, 454, 455–456, 456f
reconstruction of, 462–465

autogenous tissue, 25
microvascular, 463
nipple-areolar complex reconstruction in, 464, 466–469
in Poland syndrome patients, 774
tissue expanders in, 22–23, 24, 25, 464

reduction of
see Mammaplasty, reduction
supporting structures of, 453–454

Breast cancer
augmentation mammaplasty-related, 444–445
hereditary, 458, 459, 460, 461
in males, 471
metastatic, 921
occult, in reduction mammaplasty specimens, 450
recurrence of, 460
reduction mammaplasty-related, 451
risk assessment for, 461
risk factors for, 458
screening for, 445
survival rate in, 460
treatment of, 460

Breastfeeding, after breast surgery, 444, 450

Breast implants.
after mastopexy, 455
choice of size of, 442
rupture of, 444
silicone, 442–443, 445, 464

ethical use of, 67–68
use in breast reconstruction, 462–465
See also Mammaplasty, augmentation

Breast surgery, liability issues related to, 50–51, 51f
Breathing disorders, craniosynostosis-related, 242
Breschet, foramina of, 292
Breslow thickness, of malignant melanoma, 81–82, 917
Brooke resuscitation formula, 663
Brow.

see Forehead
Brows.

see Eyebrows
Brow-tip aesthetic line, 517, 518f
Buccal fat pad, ptosis of, 509
Buccal nerves, rhytidectomy-related injury to, 510–512
Buerger’s disease, 872
Büngner, bands of, 881
Bupivacaine (Marcaine), 19
Burn patients

fluid resuscitation in, 663
muscle relaxant use in, 19

Burns
boot-cuff, 655
chemical, 652–656

differentiated from chemical burns, 653–654
dressings for, 681–682
electrical, 648–651, 668, 838
excision of, 19
of the hand, 739

in children, 781–782
hypermetabolic response to, 657, 659, 663
immune response to, 663–664
as leg ulcer cause, 616b
partial-thickness, 6–7, 645–646
reconstruction of, 665–673
size and depth estimation of, 641t, 644
skin grafts for, 7
thermal, 643–647, 649, 668, 838

differentiated from chemical burns, 653–654
hand splinting in, 933

total body surface area of, 19
vacuum-assisted closure of, 42

Burn victims
rehabilitation of, 665–673
transport of, 643–644

Burow’s triangles, 364, 364f
Bypass grafts, sternal wound infections associated with, 588–589

C
Calcification, heterotopic, 670
Caldwell-Luc approach, to the orbital floor, 306
Camitz tendon transfer, 829f
Camptodactyly, 772, 905

differentiated from clinodactyly, 771–772
Cancer.

excision of, 23
See also specific types of cancer

Candidiasis, 410, 556
Canthal ligament, medial

in nasal fractures, 296
in nasoethmoidal fracture reduction, 280

Canthal tendon, medial
function of, 301
in nasoethmoidal-orbital fractures, 306f
in orbital hypertelorism repair, 237

Cantholysis, 393
lateral, 390, 391f
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Canthopexy, 488
differentiated from canthoplasty, 497
medial, 341
tarsal strip, 494

Canthoplasty, differentiated from canthopexy, 497
Canthus

lateral, 389
medial, 389

tumors of, 390
Capillary malformations, 114, 117
Capitate bone, 984, 984f

blood supply to, 939
fractures of, 967

Capitolunate angle, 981f
Captique, 582t
Caput ulnae syndrome, 834, 900–901, 990–991
Carbohydrates, daily requirements for, 661–664
Cardiovascular disease, 75
Carotid artery, external, anatomy of, 352
Carpal bones.

angles of, 981f
dislocations and instability of, 957–958, 979–983
extrinsic tendon insertion into, 744
fractures of, 956, 967–971

in children, 965
computed tomographic evaluation of, 958, 958f

function of, 961
kinematics of, 961–962
movement of, 941, 943
ossification of, 777, 964, 964t
tendinous insertions of, 943
See also Capitate bone; Hamate bone; Pisiform bone;  Triquetrum bone; 

Trapezoid bone
Carpal boss, 952, 964
Carpal height ratio, 944
Carpal ligaments, 939, 962
Carpal tunnel

anatomy of, 743
boundaries of, 743
flexor tendon arrangement in, 747, 747f

Carpal tunnel release, 59, 889
Carpal tunnel syndrome, 887

in children, 916–917, 916f
failed decompression, 889
hand therapy for, 932–933
versus tarsal tunnel syndrome, 888–889

Carpenter syndrome, 201, 240t, 242
Carpometacarpal joint

arthritis of, 909, 952
dislocations of, 803–804
first, ligaments of, 942
of the little finger, 801
mobility of, 742, 951–952
most important, 952
physical examination of, 952
in reverse Bennett fractures, 800
soft tissue support for, 804–805
subluxation of, 805

Cartilage
costal, embryological formation, 587–593
Gibson’s principle of, 528
nasal, 516

Cartilage-breaking techniques, 529
Cartilage grafts

for ear reconstruction, 395f, 396–397, 397f, 398f
for nasal reconstruction, 384–385
in rhinoplasty patients, 517–519, 520

Cartilage-molding techniques, 529
Cataracts, electrical injury-related, 651
Catheter technique, for brachial plexus blocks, 762
Caudal extension grafts, 520, 521f
Causalgia, 925

Cavernous sinus, fistula of, 337
CEAP (clinical-etiology-anatomy-pathophysiology) system, for venous leg 

ulcer classification, 620, 621b
Cellulite, 538, 541
Cellulitis, 616

clostridial, 600–601
in lymphedematous extremities, 633
post-otoplasty, 530

Cement, as burn injury cause, 654, 655
Centric occlusion, 187–188
Centric relation, 187–188
Cephalometric plane, 182, 182f
Cephalometrics, 179–186, 188, 188f, 253, 284–285, 569, 569f
Cephalopagus, 268, 269f
Cephalostats, 179
Cerebral hemisphere, left, role in facial expression, 431
Cerebral palsy

arthrodeses in, 836
tendon transfers in, 833–834
thumb abduction associated with, 836–837
wrist abnormality associated with, 965

Cerebrospinal fluid, fistulas of, 277
Cerebrospinal fluid leaks, 292, 343
Certification, of plastic surgeons, 50
Cervical spine

flap coverage for, 608–609
fractures and injuries of, 276, 279

concomitant with mandibular fractures, 321
Cervicocephalic cystic anomaly, 117
CFNG procedure, 433–434, 434f
Character, 62
Charcot foot, 622
Charles operation, 634
Cheek

aesthetic units of, 369
alloplastic implants in, 565, 565f
anesthesia for, 369
hemangioma of, 115
motor nerve supply to, 369–370
musculature of, 366–367
post-face lift fullness in, 509
sequential migration vector of, 499

Cheiloplasty, Bernard-Burow, Webster modification of, 368
Cheiralgia paresthetica, 887
Cheloide, 120
Chemical injuries, 652–656
Chemical peeling, 129b, 130, 549–553

after rhytidectomy, 513
Chemoprevention, 461
Chemosurgery, 108
Chemotherapy, 460, 890–891
Chest

injuries to, in children, 290
scald burns of, 672

Chest wall
burn scar revision in, 668f
embryological formation of, 587–593
functions of, 588
reconstruction of, 587–593, 774

Chiasm of Camper, 813, 813f
Chilblain (pernio), 657–660
Children.

burn injuries in, 644, 663–664, 670, 672
carpal tunnel syndrome in, 916–917, 916f
computed tomography in, 284
congenital hand anomalies in, 855
craniofacial microsomia in, 253
craniofacial skeletal growth in, 286
distal forearm fractures in, 965–966
facial fractures in, 286–290
flexor tendon examination in, 776–782
Galeazzi fractures in, 966
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Children (Continued)
Kienböck’s disease in, 973
lower extremity replantation in, 613–614
mandibular fractures in, 286–290, 322
mandibular reconstruction in, 420
nasal fractures in, 297
oral electrical injuries in, 651
orthodontics-based oral cleft disorders treatment in, 175–177
otoplasty in, 18, 526–527
scaphoid fractures in, 965, 970
skull fractures in, 333–334
small joint arthrodesis in, 809, 809f
use of local flaps in, 363
vacuum-assisted closure in, 40
See also Infants; Neonates

Chimerism, 732–733
Chin

alloplastic implants in, 565, 565f, 566
augmentation of, 566, 567
deformities of, 189–190, 253–256
genioplasty of, 573–578
relationship

to the lips, 566
to the nose, 573

sagittal projection of, 573
Cholesteatoma, of the skull base, 258
Chondritis, auricular, 399–400

post-otoplasty, 530
Chondrosarcoma, of the skull base, 257–258
Chordae, 637
Chorda tympani nerve, 431
Chordoma, 258
Chromonychia, 784
Chronic pain syndromes, 924–925
CIC (carpal instability complex), 980–981
CID (carpal instability dissociative), 980
CIND (carpal instability nondissociative), 980
Circular defects, 10, 13
Cisplatin, as neuropathy cause, 890–891
Clamps, microvascular, 852
Classic canons, 188
Claw hand deformity, 746, 830, 932f
Clear cell sarcoma, 919–920
Cleft hand, 775
Cleft lip, 143, 146–150

bilateral, 148, 171, 172, 173, 174, 177–178
surgical repair of, 148–150, 150f

classification of, 152f
cleft palate-associated, 143, 151
developmentally-absent teeth in, 167
Goldenhar syndrome-associated, 253
incidence of, 244–245
internasal dysplasia-associated, 245–246
maxillary advancement in, 228–229
orthodontics treatment of, 171–178
rigid external distraction for, 228–229
surgical repair of, 17–18

in utero, 47–48
orthognathic surgery, 192–195
primary, 157–164
secondary repair, 157–164

unilateral, 108–113, 146–148, 171, 172, 173–174, 177
surgical repair of, 146–148, 147f

Cleft palate, 146, 151–156
bilateral, 177–178
classification of, 151, 152f
cleft lip-associated, 143, 151
developmentally absent teeth in, 167
formation of, 143
Goldenhar syndrome-associated, 253
incidence of, 143, 156, 244–245
internasal dysplasia-associated, 245–246

Cleft palate (Continued)
isolated, 178
maxillary advancement in, 228–229
orthodontics treatment of, 171–178
in Pierre robin anomaly, 143
rigid external distraction for, 228–229
submucous, 143
surgical repair of, 155–156, 155f

anesthesia for, 18
in utero, 47–48
orthognathic surgery, 192–195
primary, 157–164
secondary repair, 157–164

unilateral, 177
Clenched fist deformity, 833, 834
Clinodactyly, differentiated from camptodactyly, 771–772
Clivus, tumors of, 260, 261–262
Closed reduction

of nasal fractures, 297
of pediatric facial fractures, 286–287

Clostridium, as gas gangrene and cellulitis cause, 600–601
Clubbing, of the nail, 784
Cobb syndrome, 117
Cohen craniosynostosis syndrome, 237
Cold injury, 657–660

See also Frostbite
Cold intolerance, fingertip injury-related, 789
Cold testing, for sympathetically maintained pain syndromes, 926
Collagen

bovine, use as soft tissue filler, 582t
definition of, 120–121
in Dupuytren’s disease, 905
effect of tissue expansion on, 22
in Ehlers-Danos syndrome, 4
in skin grafts, 678
use as soft tissue filler, 582t
in wound healing, 3–4, 46

Collateral ligaments, 802–805
fibrosis of, 803

Colobomas, 247, 248, 249, 249f
Colon cancer, metastatic, 921
Columellar strut grafts, 519, 520, 520f, 521f
Commissure.

see Oral commissure
Communication, physician-patient, 50
Compartment syndromes, 609, 612–613, 650, 671, 876–878

abdominal, 41
in children, 781
exertional, 888
signs and symptoms (Ps) of, 877

Competence, of plastic surgeons, 50, 61
Complex regional pain syndrome, 924–928, 1000–1001

imaging evaluation of, 757–758, 758f
“Components separation” technique, 597, 598f
Compression

interfragmentary, lag screw technique of, 801
pneumatic, as lymphedema treatment, 633

Compression dressings, 668–669
Compression garments, 668–669
Computed tomography (CT)

of abdominal wall defects, 596
for carpal trauma evaluation, 958, 958f
for craniofacial dysostoses evaluation, 284
for craniosynostosis evaluation, 282–283, 283f
for facial trauma evaluation, 282
for frontal sinus fracture evaluation, 291–292, 292f
for growing skull fracture evaluation, 334f
for maxillary fracture evaluation, 317
for maxillofacial fracture localization, 276
for nasal fracture evaluation, 282–285, 296
for orbital fracture evaluation, 282, 282f, 303
for panfacial fracture evaluation, 326–327
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Computed tomography (CT) (Continued)
for pediatric facial fracture evaluation, 287
for plagiocephaly evaluation, 283
risks of, in pediatric patients, 284
for skull base tumor evaluation, 259
for sutural patency evaluation, 284
three-dimensional, for facial fracture evaluation, 278
for zygomatic fracture evaluation, 309–310

Concussion injuries, dental, 168
Condylar head, subluxation of, anterior to the glenoid fossa, 278
Condylar resorption, progressive, 191
Condyles, fractures of, 281, 323–324
Confidentiality, 64
Conflict of interest, 63
Congenital adrenal hyperplasia, 637
Congenital anomalies, 767–775

See also specific congenital anomalies
Connective tissue, neural, 880
Constriction ring syndrome, 770–771
Consultations, 59
Contact, professional, 66
Contact inhibition, 4
Contractures

burn-related, 665–666, 665f, 666–668, 666f, 670, 671
capsular, 443–444, 444t
Dupuytren’s, 58–59, 932
elbow flexion, 834
of the fingers, 905
of the hand, 782
of the interosseous muscles, 752, 752f
ischemic, 878–879
postoperative flexion, 818
thenar flap-related, 788
thumb-index, 767–768
Volkmann’s ischemic, 781, 878–879, 879f

Cooper’s ligaments, 453–454
Corabrachialis muscle, as axillary border, 459
Cormack-Lamberty classification system, for fascia flaps,  

689–690, 690f
Coronocanthopexy, 488
Coronoid process, 323
Corrugator muscle, resection of, 495
Corticosteroids, as hemangioma treatment, 116
CosmoDerm, 582t
CosmoPlast, 582t
Costoclavicular maneuver, 898
CPT coding strategies, 56–60
Crane principle, 376, 376f
Cranial base.

see Skull base
Cranial bones, formation of, 196–197
Cranial capacity, 197
Cranial fossa

anterior
anatomy of, 257, 257t
fractures of, 277, 278
relationship with the orbit, 300
tumors of, 259, 260

middle, anatomy of, 257, 257t
posterior, anatomy of, 257, 257t

Cranialization, indications for, 294
Cranial nerves

foramina of, 353, 353t
See also specific cranial nerves

Cranial vault
collapse of, 202–203, 202f, 203f
distraction osteogenesis of, 230–234
frontoorbital advancement and anterior cranial vault reconstruction 

(FOAR) of, 204–205
posttraumatic defects of, 335
remodeling of, 204–205, 206f, 232–233

Craniectomy, strip, 205

Craniocerebral erosions, 333–334
Craniofacial anomalies.

See Craniofacial syndromes
Craniofacial clefts, 143–144, 244–252

classification of, 143–144, 245, 245f
reconstruction of, 250
See also Cleft lip; Cleft palate

Craniofacial defects
complex, 340–344
posttraumatic, 330–339

Craniofacial embryology, 139–145
Craniofacial patients, preoperative evaluation of, 136
Craniofacial region

embryogenesis of, 244
growth of, 238–239

Craniofacial skeleton
growth/growth centers of, 286
radiologic examination of, 282–285
support structures in, 326

Craniofacial surgery
for complex craniofacial defects, 340–344
principles of, 135–138

Craniofacial syndromes, 238–243
common, 239, 240t
congenital, fetal wound healing in, 47
multidisciplinary approach to, 242–243

Craniopagus, 268, 269f
Craniopharyngioma, 258
Cranioplasty, 335

alloplastic, failure of, 279
Craniosynostosis, 73, 196–211

bilateral coronal, 239–241, 240f
classification of, 135–136, 135t, 136f
definition of, 238
distraction osteogenesis of, 230–234
etiology/pathogenesis of, 135, 238–239
incidence of, 135
nonsyndromic, 199, 201t, 230–234
primary, 238–239
radiographic evaluation of, 282–283, 283f
relationship to craniofacial clefts, 251
secondary, 201, 238–239
surgical correction of, 135–138

in adults, 138
syndromic, 197, 230, 239

Cranium.
anatomy of, 423f
growth centers of, 286
See also Skull

“Creep,” 21, 363
Cribiform plate

level of, 236
reconstruction of, 344
transverse widening of, 250

Critical ischemia time, 686
Crossbite, 167–168, 168f, 569–570
Crouzon syndrome, 136, 240t

developmentally-absent teeth in, 167
differentiated from Apert syndrome, 201, 201t
distraction osteogenesis treatment for, 231–232
fibroblast growth factor-2 mutations in, 197
frontal bone advancement in, 205
maxillary distraction osteogenesis for, 226
orbital hypertelorism associated with, 235
radiologic evaluation of, 284
supernumerary teeth associated with, 167

Crow’s feet (rhytids), 480, 581
Crura, lateral, cephalic positioning of, 522–525, 523f, 524f
Crural setback grafts, 523f
Crush injuries, 933

to the hand, 821–822, 838
Cubital tunnel syndrome, 887, 933
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Culture tests, 35
Cupid’s bow, 401

craniofacial clefts beginning at, 245–247, 247f
deformities of, 157

Curettage, use in Mohs’ surgery, 110
Curreri formula, 647
Curtius syndrome, 167
Cutis aplasia congenita, 774
Cutis laxa, 482
Cyanosis, 276
Cyclists, trapezial fractures in, 970–971
Cyclooxygenase-2 (COX-2), in fetal wound healing, 47
Cymetra, 582t
Cysts

branchial cleft, 347–348
epidermal inclusion, 917, 917f
ganglion, 913, 914f
incision, 905
mucous, 785, 913, 914f
sebaceous, 917
thyroglosssal duct, 348

Cytokines, in angiogenesis, 73, 75

D
Dacryocystorhinostomy, 393
Darier’s disease, 128–129
Darrach procedure, 992
Débridement

after sternal wound dehiscence, 588
of burns, 19, 645–646
in combination with vacuum-assisted closure (VAC), 40
of contaminated wounds, 36f
of decubitus ulcers, 6, 59
of facial lacerations, 56, 278
of panfacial fractures, 327
prior to flap coverage, 838
of sternal wounds, 35, 588
of surgical wounds, 5
of traumatic wounds, 34–35, 34f
of the triangular fibrocartilage complex, 985–986

Decision making, ethical, 65, 66
Deformations, 768

definition of, 238
Degloving injuries

to the hand, 867–869, 868b, 868f
penile, 639

Dental analysis, as cephalometric analysis component, 183
Dental compensation, 568
Dental decay, 169–170
Dental implants, 170
Dental malocclusion.

see Malocclusion
Dental occlusion.

see Occlusion
Dental rehabilitation, of mandibular reconstruction patients, 418–420
Dentition, 165–170

absent, 167
adolescent, 177
anatomy of, 166, 166f
effect of alveolar remodeling on, 172
embryology of, 169
identification of, 165–170
innervation of, 166
in mandibular fractures, 323, 324
in maxillary fractures, 317
mixed, 176, 322
in multiple mandibular, maxillary, and orbital fractures, 318
natal and neonatal, 166–167
primary (deciduous), 175, 176
supernumerary, 167
traumatic injuries to, 168–169

Depression, in complex regional pain syndrome patients, 927

de Quervain, Fritz, 908–909
de Quervain’s disease.

see Tenosynovitis, de Quervain’s
Dermabrasion, 129b, 130, 130f, 552–553
Dermal overgrafting, 681
Dermaplaning, 129b, 130
Dermasanding, 553
Dermatocele, 244, 249, 249f
Dermatochalasis, 487
Dermatofibrosarcoma protuberans, 110–111
Dermatomes, 679
Dermis

regeneration of, 551
in skin grafts, 678

Dermoids, 249
congenital, 258
Goldenhar syndrome-associated, 253
nasal, 348
prenatal diagnosis of, 253

Desmoids, 905
Developing countries, international surgery programs in, 68
Dexon, as suture material, 9
Diabetes patients

Dupuytren’s disease in, 903
hand infections in, 850

Diabetic patients
arterial system n, 622
foot ulcers in, 5
leg amputations in, 620–621
lower-extremity ulcers in, 622

Dietary supplements, interaction with anesthesia, 20
Digastric muscle, facial nerve innervation of, 427
Digastric muscle transfers, 437
DiGeorge syndrome, 151–152
Digit(s).

gross enlargement of, 772–773
See also Fingers; Fingertips; Toes

Digital imaging, use in cephalometrics, 184
Digital nerve blocks, 765, 788
Digital nerve grafts, 852
Diplopia, 280, 287, 304, 309, 340

effect of enophthalmos o, 331
orbitozygomatic fracture-related, 319
panfacial fracture-related, 328–329

Discernment, 65
Disease-modifying antirheumatic drugs (DMARDs), 990
“Dish/dishpan face” deformity, 328, 336
DISI (dorsal flexion intercalated segmental instability  

deformity), 963, 981
Disruptions, 768–769

definition of, 238
Disseminated intravascular coagulopathy, 117
Distal interphalangeal joint

in boutonnière deformity, 746
dislocations of, 803
fusion of, 806
Haines-Zancolli test of, 751–752, 752f

Distal radioulnar joint
instability of, 965–966
rheumatoid arthritis of, 989–990, 991–992
in ulnar wrist pain, 949–950

Distraction, osteogenic effects of.
see Osteogenesis, distraction

“Dog ears,” 10–11, 25, 451
Dorsal capsular ligaments, of the wrist, 943–944, 944f
Dorsal flexion intercalated segmental instability deformity  

(DISI), 963, 981
Dorsal mutilation injuries, to the hand, 861–863, 862b, 862f
Dorsal nasal artery, inadvertent hyaluronic acid injection into, 582–583
Dorsal wrist syndrome test, 946–947, 947f
Down syndrome, 167
Drawer test, anteroposterior, 951, 951f
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Dressings
for burn injuries, 646, 681–682
compression, 668–669
ideal, 5
for laser therapy patients, 558
occlusive, 5
for skin graft donor sites, 680–681, 681t
for skin grafts, 680
vacuum-assisted, 38–44

Drugs.
as gingival hyperplasia cause, 170
as gynecomastia cause, 471, 472t
as leg ulcer cause, 616b
See also names of specific drugs

DRUJ.
see Distal radioulnar joint

Dry eye syndrome, 390
“Dual-plane” technique, 442
Ductal carcinoma in situ, 458
Duplications, in the hand, 769–770, 769f
Dupuytren’s disease, 903–907

palmar fascia excision in, 58–59, 742
Dura mater, role in suture patency, 74, 196
Duran method, of flexor tendon rehabilitation, 929
Dysostoses

acrofacial.
see Nager syndrome
mandibular.
see Treacher-Collins syndrome
radiologic evaluation of, 284

Dysplasia
cleidocranial, 167
craniofrontonasal, 237
ectodermal, 167
fibrous, 258
internasal, 245–246, 246f

Dystopia
enophthalmos differentiated from, 277
globe, 304
orbital, 287

E
Ear

anomalies of, prenatal diagnosis of, 253
average distance from head, 527
avulsed, replantation of, 399
blood supply to, 395, 527
burn injuries to, 399
embryologic origins of, 516, 526
external

aesthetic rejuvenation of, 480
cancer of, 399
chondritis of, 399–400
embryologic origin/development of, 348–349, 349f, 396
landmarks of, 395, 395f
regional block of, 16
tumors of, 396

innervation of, 396, 527
lobule prominence of, 528, 529f
middle

facial nerve innervation of, 427
surgery in, 396

normal size, position, protrusion, and axis of, 395–400, 526, 527
prominent/protruding

definition of, 527
non-operative treatment of, 530
otoplasty of, 526–531

reconstruction of, 395–400
replantation of, 395–396, 853
“telephone” deformity of, 529

Earlobe
as composite graft, for nipple reconstruction, 466
numbness of, 350

Ear piercing, as chondritis cause, 399
Ebers Papyrus, 669–670
Ecchymosis

bilateral eyelid, 277
of the oral cavity floor, 320, 321
periorbital, 309

Eccrine carcinoma, 110–111
Ectopic parts surgery, 854, 869
Ectropion, 328–329, 391, 392, 393
Edema

of the airway, 643
of the bowel, 41
differential diagnosis of, 631, 632t
effect on wound healing, 6, 33
in the hand, 933
laser skin resurfacing-related, 557

Edentulous patients
mandibular fracture nonunion in, 338
mandibular fracture repair in, 324
panfacial fracture repair in, 327–328

Education, of plastic surgeons, 69–70
Ehlers-Danos syndrome, 482

dentition in, 167
wound healing in, 4, 33

Eikenella corrodens infections, 849
Eipihora, 296
Elbow

adduction of, 954
extension reconstruction of, 835
flexion contractures of, 834, 836
nerve blocks around, 764

Electrical injuries, 648–651, 668, 838
Electrocautery

for surgical wound healing, 5
for tattoo removal, 129b, 130
use in Mohs’ surgery, 108–109

Electrodiagnostic testing, limitations to, 890
Electrogustometry test, 432
Electroporation, 648
Ellenbogen’s criteria, for ideal eyebrow position and contour, 484
Embolism

fat, 16–17
upper-extremity, 872

Embolization, as arteriovenous malformation treatment, 118
Embryology, craniofacial, 139–145
EMLA cream, 557, 580
Encephalocele, 117, 235–236, 249, 250f, 251f, 348
Enchondroma, 756, 757f, 917–918, 918f

multiple, 756–757
Endodontics, 170
Endoplast 50, 582t
End organs, neural, 880
Endoscopic procedures, 561–563

comparison with traditional surgical approaches, 563
for craniosynostosis reconstruction, 208–211
for forehead and eyebrow lifts, 485, 486, 494–495, 561–562

Enneking classification system, for musculoskeletal sarcoma, 922, 922t
Enophthalmos, 280, 287, 304, 309

definition of, 330–339
differentiated from ocular dystopia, 277
late, 319
posttraumatic, 304, 328–329, 330–331, 333, 340–341

Enteral nutrition, versus total parenteral nutrition, 662
Entropion, 392–393
Epiblepharon, 392
Epicanthal fold, 332f
Epicanthoplasty, medial, 493–494, 494f
Epicanthus, 392
Epidermis

regeneration of, 551
in skin grafts, 678

Epidermodysplasia verruciformis, 104
Epidermolysis, 366
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Epidural space, inadvertent injection of anesthetic into, 763
Epigastric arteries, 595, 595f
Epinephrine, 661
Epiphyses

fractures of, 778
classification of, 59, 778, 778f, 795f, 794–795

ossification centers of, 718, 777f
Epispadias, 637
Epistaxis, 118–119, 275, 279, 292
Epitheloid sarcoma, 919–920
Eponychial fold, hyperpigmentation in, 918
“Equine facies” deformity, 336
Erb-Duchenne palsy, 835
Erb’s palsy, 894
Erectile dysfunction, 639
Ergotism, as leg ulcer cause, 616b
Errors, medical, 63
Erythema, laser skin resurfacing-related, 557
Erythroplasia of Queyrat, 104
Escharotomies, 671–672
Escherichia coli infections, 623
Esthesioneuroblastoma, of the skull base, 257
Ethical criteria, 67
Ethics, in plastic surgery, 61–71

concerning conjoined twin separation, 271
of hand transplantation, 734–735

Ethmoidal sinus, 144
tumors of, 358

Excision
of burn wounds, 19, 646
with frozen section margin control, 108
of keloids, 121
versus Mohs’ surgery, 112
serial, 10
simple elliptical, 10
of skin lesions, 10
of tattoos, 129
wedge, 10

Exercise, following herniorraphy, 4
Exertional compartment syndrome, 888
Exophthalmometer, Hertel, 330
Exophthalmos, 242
Exorbitism, 205
Exostrophy, 637
Expanded skin.

see Tissue expansion
Expert testimony, 65–66
Expiratory muscles, 587–588, 587f
Exsanguination, of the hand, 921
Exstrophy/epispadias complex, 637
Extensor brevis muscle, use as flap, 714
Extensor carpi radialis brevis tendon transfer, 831f
Extensor carpi ulnaris tendon, 744, 744f

sheath disorders of, 952
Extensor carpus radialis longus tendon, 744, 744f
Extensor digiti communis tendon, 744, 744f
Extensor digiti minimi tendon, orientation of, 820
Extensor digiti quinti tendon, 744, 744f
Extensor digitorum communis tendon, rupture of, 991
Extensor indicis propius tendon, orientation of, 820
Extensor pollicis brevis tendon, 744, 744f
Extensor pollicis longus tendon

function testing of, 743
innervation of, 743
physical examination of, 751

Extensor pollicis longus tendon transfers, 827f, 834–835
Extensor tendons, 744–745, 744f

injuries to, 820–824
rehabilitation of, 930
rheumatoid arthritis-related rupture of, 834–835, 901–902, 991, 993

External auditory meatus, embryologic development of, 348–349, 349f
“External goods,” 62–63

External oblique muscles, 587, 587f, 594
Extracellular matrix, 678

in fetal wound healing, 46
Extraocular muscles, functions of, 301
Extravasation injuries, 41–42
Extremities.

burn wound management in, 644–645
See also Lower extremity; Upper extremity

Extrinsic muscle tightness test, 821, 822f
Eye

embryonic development of, 145
injuries to

electrical injuries, 651
frontal sinus fracture-associated, 291
laser exposure-related, 558

supraorbital fracture-related displacement of, 279–280
Eyebrow lifts, 484–486
Eyebrows

in females, ideal position for, 479–480, 479f
hair of, 379, 379f
ideal eyebrow position and contour of, 484–485
liner tattoos on, 496–497
ptosis of, 479, 479f, 480, 488, 490, 512
reconstruction of, 366, 379–380

Eyebrow-tip aesthetic line, 517, 518f
Eyelashes, blepharoplasty-related eversion of, 494
Eyelids

aesthetic rejuvenation of, 479f, 480
anatomic layers of, 351–352
Asian

differentiated from Occidental, 393
double eyelid operation on, 487, 492–493, 492f

blepharoplasty of, 487–497
contralateral, as skin graft harvest site, 391–392
innervation of, 15
liner tattoos on, 496–497
lower

blepharoplasty of, 494
colobomas of, 247, 248, 249, 249f
reanimation of, 437
reconstruction of, 391, 391f
skin excision from, 495–496
skin resection of, 490–491

malignant tumors of, 389–390
nerve block of, 15
ptosis of, 303, 392

blepharoplasty for, 487–497
postoperative, 491

reconstruction of, 388–394
upper

anatomy of, 489f
anterior and posterior lamella of, 388–393, 388f
crease fixation in, 492–493, 492f
hemangioma of, 116
reanimation of, 437
reconstruction of, 390–391, 391f, 393

Eye sphincters, paralysis of, 437

F
Face

aging, 498
aesthetic rejuvenation surgery for, 477–483, 502–503, 502f
effect of subcutaneous fat deposits on, 501
endoscopic rejuvenation of, 562–563
evaluation of, 477–483
muscles involved in, 484
nasolabial fold prominence in, 512
non-surgical rejuvenation of, 579–584

augmentation of, 30, 564–567
central, defects of, 23
disproportion of, 570
embryologic development of, 139–145, 244–251
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Face (Continued)
excess width of, 314
functions of, 724–727
growth of, 171–172, 286

in oral cleft patients, 177–178
in pediatric facial fracture patients, 290

hemangioma removal from, 116
infraorbital nerve compression in, 888
injuries to

assessment and management of, 275–281
burn injuries, 669
lacerations of, 56
life-threatening, 275–281
panfacial fractures, 326–329
shotgun wounds, 416

lower, growth centers of, 286
preoperative photographic documentation of, 481
profile of, 188, 189f
reanimation of, 718
reconstruction of, 23

secondary, 279
retaining ligaments of, 489, 498–499, 499f, 505
subcutaneous fat deposits in, 501
transplantation of, 715–716, 724–728

allograft rejection in, 725–726, 727
upper, growth centers of, 286
zygomatic fracture repair-related asymmetry of, 314–315

Face lift.
see Rhytidectomy

“Face predicts the brain” relationship, of forebrain and craniofacial  
abnormalities, 250

Facial artery, 402
transverse, in rhytidectomy, 513

Facial bipartition, 236, 236f
Facial bones.

see Craniofacial skeleton
Facial clefts.

developmental embryological, 352, 353, 353t
See also Cleft lip; Cleft palate

“Facial danger zones,” 429–430, 429f
Facial expression, 431
Facial muscles, innervation of, 428
Facial nerve

anatomy of, 349, 349f, 427–430, 510, 511f
in craniofacial microsomia, 256
embryogenesis of, 431–437
in facial/scalp allotransplantation, 725
in forehead lifts, 562
function of, 349
intratemporal versus extratemporal lesions of, 432
as lip innervation, 402
localization of, 510
mandibular branch of, 430
mandibular fracture repair-related injury to, 323
motor nucleus of, 431
in parotid gland surgery, 360–361
primary function of, 431
relationship to other facial nerves, 427
rhytidectomy-related injury to, 430, 433

Facial nerve palsy, 278, 428t
Bell’s palsy, 428
effect on nasolabial fold appearance, 500
facial reanimation in, 431–437

Facioacoustic primordium, 431
“Failed carpal tunnel syndrome decompression,” 889
Fasanella-Servat operation, 392
Fascia.

clavipectoral, 459
cutaneous perforators of, 688–689, 688f, 690
deep, blood vessel perforators of.
see Perforators
deep facial, relationship to the facial nerve, 510

Fascia (Continued)
digital, 740f
dorsal thoracic, 689
in Dupuytren’s disease, 739, 742, 903–904, 904f,  

905, 906
orbital, 389
palmar, 739, 742
penile, 636–639
subgaleal, 422
temporal, 422–423, 423f
temporoparietal, 422, 423f, 428–429
transversalis, 594–595
See also Flaps, fasciocutanoeus

“Fascial feeders.”
see Perforators

“Fascial plexus,” blood supply to, 688, 688f
Fascial spaces, of the hand, 848
Fascicles, in end-to-end neurorrhaphy, 885
Fasciectomy, 58–59
Fasciitis, necrotizing, 849
Fasciocraniosynostosis, 135, 135t, 136, 137–138
Fasciotomy, 877–878, 878f

decompression, 42
Fasting, preoperative, 16
Fat

anatomic distribution of, 538–540
facial, 501
intraconal differentiated from extraconal, 301
orbital

atrophy of, 330
protrusion of, 480
relationship to preaponeurotic fat, 488–489

in periorbital lacerations, 275
preaponeurotic, as blepharoplasty landmark, 488–489
removal of, 538
See also Lipectomy; Liposuction
supraplatysmal, 514
of upper eyelid, 488–489
“white,” in blepharoplasty, 497

Fat embolism, 16–17
Fat injection.

autologous, 255–256
into the nasolabial crease, 500
See also Fat transplantation (grafts)

Fat pads
buccal, 509
malar, 498–503

repositioning of, 500, 501, 505–506
supporting structures of, 499
suspension of, 500–501

pronator quadratus, 954, 955f
scaphoid, 954
superficial temporal, 422, 423f

Fat transplantation (grafts)
autologous, 540

in orthognathic surgery, 572
for facial augmentation, 566–567
for lip augmentation, 540–541

Feet, polysyndactyly of, 242
Felons, 740, 741, 841, 841t, 842, 845–846, 845t
Femoral cutaneous nerve, compression of, 889
Femoral nerve compression, 888
Fetal alcohol syndrome, 151–152
Fetoscopy (FETENDO), 45
Fetus

conjoined twins, 268–271
surgical access to, 45
surgical complications in, 45
vascular lesion of, 115–116
wound healing in, 45–49

Fetus-in-fetu, 268
Fibrin glue, 682
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Fibroadenoma, of the breast, 460
Fibroblast growth factor receptor mutations, 73
Fibroblast growth factors, 73

in craniosynostosis, 73, 197
in distraction osteogenesis, 214–215

Fibroblasts
in contracting wounds, 4
fetal and adult, 46

Fibrocystic disorder, 460
Fibroma, ossifying, 258
Fibroosseous tunnel, pulleys of, 747
Fibrosarcoma, infantile, 114
Fibroxanthoma, atypical, 110–111
Fibula, as mandibular bone graft donor site, 419t
Fibular canal/tunnel syndrome, 888, 889
Field cancerization, 355
Filariasis, as lymphedema cause, 631
Finasteride, 126–127
Fine-needle aspiration

of palpable breast masses, 459, 460
of thyroid nodules, 361

Finger extension test, 946, 947, 947f
Fingernails.

see Nails
Fingerprints, 735
Finger pulp, sensory discrimination in, 749
Fingers.

adduction restoration in, 832
amputation of, 788, 864–867, 864b, 865b, 866b

in children, 780
anomalies of, 242
arthrodesis of, 806, 807f
extension loss in, 991
extensor tendon injuries to, 821
fractures of, 794
lumbrical-plus, 787–788
proprius tendons of, 744–745
replantation of, 852–853, 854
revascularization of, 852–853
ring avulsion injuries to, 854
rotational deformities of, 751, 752f
syndactyly of, 242
terminal vascular anatomy of, 788–789
See also Index finger; Phalanges; Thumb

Fingertips
injuries to, 787–793

in children, 780–781
classification of, 780–781, 780f

replantation of, 790
in children, 781

Finkelstein test, 752–753, 753f, 909, 909f, 952
Finochietto-Bunnell test, 752, 752f
Fires, laser surgery-related, 558
Fistula

cerebrospinal fluid, 277
palatal, 22, 158
posttraumatic carotid cavernous, 337
urethrocutaneous, 637

Fitzpatrick classification system, for skin types, 555, 555t
Flaps, 684–687

Abbé, 367–368, 368f, 407, 407f, 686t
for abdominal wall reconstruction, 597, 602, 603f, 840
adipofascial, 689
advancement, 364, 685, 685f
axial, 684–685, 789, 838
axial musculovermilion advancement, 405f
Becker, 692
bilobed, 10, 11f, 383, 383f
blood supply for, 684–687, 684f, 686t
for breast reconstruction, 462–464
for burn scar revision, 667–668, 667f
cervicofacial, 370

Flaps (Continued)
for cheek reconstruction, 370
for chest wall reconstruction, 588, 840
chimeric, 715
Chinese, 691
classification of, 685, 685f, 686t
composition of, 684, 686t
Converse’s scalping, 383–384
cross-finger, 686t, 788, 791f, 857
cutaneous, 684
See also Skin grafts
cutaneous lateral arm, 719
deep inferior epigastric perforatory (DIEP), 463
delay phenomenon of, 686
delay procedure for, 686
differentiated from wound edge undermining, 59
distant, 378, 685f

for scalp reconstruction, 424
distant pedicle, 839
division and insert of, CPT coding for, 56–57
Dufourmental, 13, 14f, 365
Estlander, 368f, 407, 407f
expanded, 21–22
for eyelid reconstruction, 390–391
fasciocutaneous, 615, 684, 688–696, 842

compared with muscle flaps, 693, 694t
elevated from dorsal forearm, 838–839

fibular osteocutaneous, 418
fillet, 840
for fingertip injuries, 788, 789, 790–793, 790f
forehead, 366, 371, 376–377, 376f, 377f, 378–379, 378f, 383–384, 

385f, 414, 485, 686t
forked, 149
free, 685f, 709, 712

anterolateral thigh, 603f, 719
composite, 382, 717–720, 842–843
CPT coding for, 58
donor sites for, 714, 717–720
emergency, 869
failure of, 614, 687, 713, 714
fascial, 715, 719
fasciocutaneous, 842
fibular, 719
first web, 843
great toe wraparound, 843
groin, 719
for hand coverage, 840–841
iliac crest, 59, 719
jejunum, 414–415
lateral arm, 843
muscle, 714
for oral reconstruction, 413, 413t
osseous, 715
for posterior trunk reconstruction, 609
preexpanded, 26
radial forearm, 352, 841–842, 841f, 842f
for scalp reconstruction, 424–425
sensate, 843
sequential, 418
for skull base reconstruction, 265, 266f
small bowel, 715
toe pulp neurosensory, 843
use in facial reanimation, 715
vascularized bone, 719
for venous leg ulcers, 620
vessel repair in, 714
viability monitoring of, 687

gastrocnemius, 701
Gillies fan, 407, 407f
gluteal thigh, 628
gluteus maximus musculocutaneous, 627
gluteus maximus perforator, 627–628
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Flaps (Continued)
gracilis muscle, 718
gracilis muscle/musculocutaneous, 629
gracilis musculocutaneous, 379, 628
groin, 686t, 692, 839–840, 839f, 840f
for hand reconstruction, 838–844
Hatchet, 423–424
iliac crest osteocutaneous, 418
inframammary extended circumflex, 606
innervated (senate) cutaneous, 684
interpolation, 10
island, 789
jejunum, 415
Karapandzic, 368, 369f, 407f, 408
Koshima’s perforator-based, 709
lateral arm, 415
latissimus dorsi, 414, 463–464, 607–608, 718
Limberg.

see Flaps, rhomboid (Limberg)
lingual, 413–414
Linton, 619
for lip reconstruction, 367–369, 367f, 368f, 369f, 407–408, 407f
local

for abdominal wall repair, 597
for cheek reconstruction, 370
failure of, 365
for the forehead, 376–377, 376f
for the head and neck, 363–372
for nasal reconstruction, 382–383

for lower extremity coverage, 610–611, 614
lumbosacral back, 628
MacGregor, 407–408, 407f
for mandibular reconstruction, 414, 415, 416t, 418
medial forearm, 719
Moberg palmar advancement, 857
movement of, 684, 686t
muscle, 697–703, 718

blood supply to, 697, 701–702, 702f, 702t
for chest wall reconstruction, 588
CPT coding for, 57–58
versus cutaneous flaps, 701t
as fasciocutaneous flaps, 705
versus fasciocutaneous flaps, 693, 694t
innervation of, 698
versus perforator flaps, 698f
reverse, 699
vascular pedicles of, 697–698, 698f, 699

musculocutaneous, 414, 690f
for chest wall reconstruction, 588
physiology of, 699–700

“mutton chop,” 603
myocutaneous, 684

differentiated from musculocutaneous flaps, 699
for nasal reconstruction, 381, 382–383, 383–384,  

383f, 385f, 386, 386f
nasolabial, 384f, 413
neurocutaneous, 709
neurovascular island, 789, 858
New’s sickle, 383–384
for nipple reconstruction, 467–468, 467f
for oral reconstruction, 413–415
Orticochea, 423–424
osseocutaneous, 684
palatal, 414
parascapular, 605–606, 606f
paraspinal muscle, 608
pectoralis major, 414, 589–590, 589f, 590f
pectoralis myocutaneous, 371
pedicle, 633, 687, 789

failure of, 687
perforator, 463, 704–711, 714–715

muscle, 689, 707–709

Flaps (Continued)
versus muscle flaps, 701t
nonmuscle, 709

periosteal, 424
pharyngeal, 159, 159f, 160f, 178, 195
platysma, 413
posterior auricular, 413
for posterior trunk defect closure, 605–608
posteromedial thigh fasciocutaneous, 628–629
preexpanded, 25–26
radial forearm, 414, 417, 425, 686t, 692
random, 684, 685, 789, 838
rectus abdominis, 590, 629

TRAM (transverse rectus abdominis musculocutaneous), 57, 
462–463, 603, 597, 686t

rectus femoris, 602–603, 603f
retrograde

venous flow in, 838
venous regurgitation in, 691, 692b

rhomboid (Limberg), 13, 13f, 364–365, 364f, 365f, 370, 686t
rotational, 10, 11f, 363, 363f, 685, 685f

bilateral, 366
for scalp reconstruction, 424
scapular, 418, 605–606, 606f
sensate, 718–719
serratus anterior, 718
shutter, 377, 378f
skate, 467–468, 467f
skin-subcutaneous, 501
for skull base reconstruction, 259, 263–265
sternocleidomastoid musculocutaneous, 414
sternocleidomastoid myocutaneous, 371
subcutaneous, 689
subdermal vascular network, 709–710
submental myocutaneous, 370
superficial musculoaponeurotic system, 505–506
“superflaps,” 709
tarsoconjunctival, 390–391
temporal fascia, 413
temporalis muscle, 413
temporalis myofascial, 424
temporoparietal fascial, 397, 842
tensor fascia lata, 603f, 628
thenar, 788, 792f
thigh, 603f

anterolateral, 603f, 719
total, 629

thoracodorsal artery perforator, 607–608
for tissue expansion reconstruction, 25
transposition, 10, 25, 685, 685f
trapezius, 371, 414
trimmed toe, 858
tube, 685f
vacuum-assisted closure over, 42–43
volar advancement, 790f
vomer, 155
V-Y advancement, 12–13, 13f, 403–404, 404f, 789, 857
Worthen, 377f, 423–424
W-plasty, 12
wraparound, 859
Y-V advancement, 12f

Flexor carpi radialis tendon
location in carpal tunnel, 747f
tendinitis of, 753, 951

Flexor carpi ulnaris tendon, location in carpal tunnel, 747f
Flexor digitorum profundus tendon

avulsion injuries to, 817, 817f
location in carpal tunnel, 743f
orientation of, 813, 813f
physical examination of, 750, 750f, 751
retraction into palm, 816–817
as tendon transfer, 829f
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Flexor digitorum superficialis tendon
location in carpal tunnel, 747f
orientation of, 813, 813f
physical examination of, 750–751, 750f
retraction into palm, 816–817
size of, 746
as tendon transfer, 827–828, 828f
zone II lacerations of, 816

Flexor pollicis longus substitution maneuver, 953
Flexor pollicis longus tendon

avulsion injuries to, 865b
location in carpal tunnel, 747f

Flexor tendons
adhesion formation in, 814
examination in pediatric patients, 776–782
injuries to, 813–819
rehabilitation of, 818–819, 929–930
retracted, retrieval method for, 816, 817f
rheumatoid arthritis-related rupture of, 835, 901, 991

Flexor tendon sheath, 813, 814f
repair of, 819

Fluoride toxicity, 654
Foam dressings.

see Vacuum-assisted closure (VAC)
FOAR (frontoorbital advancement and anterior cranial vault  

reconstruction), 204–205
Follicular units (FU), 124–125, 127
Fontana, bands of, 881
Foot

angiosomes of, 611
blood supply to, 611
burn injuries to, 647
Charcot neuroarthropathy of, 622
diabetes-associated ulcers in, 5, 621–622, 623–624, 887
diabetic, 623–624
neuropathic, abnormal weight-bearing in, 611–612
plantar, coverage for, 611
sensory nerves of, 613, 615f
wound coverage for, 611

Foramina
of Breschet, 292
of the cranial base, 257, 257t
of the cranial nerves, 353, 353t
of the facial nerve, 427–430

Force coupling, 962
Forearm

compartments of, 876, 876t
compartment syndromes of, 877
venous anatomy of, 838

Forebrain, relationship to craniofacial abnormalities, 250
Forehead

aesthetic surgery on, 479, 502–503, 502f
aesthetic units of, 366
anatomy of, 373–380
animation of, muscles involved in, 562
blood supply to, 484–486
bony depression in, 291
cutaneous pliability of, 366
epidermolysis of, 366
as flap source, 383–384, 385f
histologic comparison with the scalp, 373–380
incision placement in, 366
innervation of, 373–374, 374f, 484–486
lines of minimal musculature of, innervation of, 366
local anesthesia for, 366
musculature of, innervation of, 366
nerve block of, 15
reconstruction of, 366, 373–380
transverse lines of, 484
wound closure in, 374–376

Forehead lifts, 484–486, 494–495
endoscopic, 561–562

Foreign bodies, effect on wound healing, 5, 33
Fractures

boxer’s, 799
of the carpal bones, 956, 967–971
cartilaginous cap, 779
craniofacial, 275
distal radius, 994–1001

Barton, 956, 994
Bennett, 800, 801f
chauffeur’s (Hutchinson), 956, 980, 995f
Colles’, 954–956, 955f, 994, 995f
reverse Bennett, 800
Smith, 994
volar Barton, 994, 996f

epiphyseal, 778
classification of, 59, 778, 778f, 795f, 794–795

“extra-octave,” 779
facial

frontal sinus, 291–294
pediatric, 286–290
potentially lethal, 278

favorable versus unfavorable, 321–322, 321f
frontal sinus, 275, 291–294, 334–335

in children, 287, 288f, 291
complications associated with, 292

Galeazzi, 966
“growing skull,” 287
hamate, 967
hamate hook, 952–953, 971, 985
of the hand, 794–801, 794

in children, 777–779
of the humerus, 825–826
Le Fort

definition of, 316
differentiated from Le Fort osteotomy, 316–317
hemorrhage from, 275
incomplete or greenstick, 277, 280
ridge fixation of, 280

Le Fort I, 316, 316f
displaced and impacted, reduction of, 318
reduction of, 318
untreated, 317, 336

Le Fort II, 316, 316f
untreated, 277

Le Fort III, 316, 316f
orbital floor exploration in, 318
untreated, 277

mandibular, 276, 278–279, 320–325, 343
with associated maxilla and orbital fractures, 318
in children, 286–290
“five Ps” of, 320
multiple, 321
nondisplaced, 276
nonunion of, 338–339
subcondylar, 277, 281

maxillary, 316–319, 343
with associated mandibular and orbital fractures, 318
displaced, 343
facial deformities associated with, 328
See also Fractures, Le Fort

metacarpal, 794–801
midface, 317
of the nose, 275, 279, 295–298

in children, 287–288
radiographic evaluation of, 282–285
severely comminuted, 297
Stranc plane II, 280

open, 615, 801
of the orbit, 275, 279–280, 282, 282f, 299–307, 301–302

with associated maxillary and mandibular fractures, 318
as cheek ptosis cause, 335–336
in children, 287
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Fractures (Continued)
medial, 333
nasoethmoidal, 276–277, 306–307, 306f, 333

panfacial, 326–329
delayed treatment of, 319
treatment goals of, 317

of the parasymphysis, 281
phalangeal, 794–801
of radial styloid process, 956, 980
as reflex sympathetic dystrophy cause, 925
Rolando, 755–756, 755f, 800–801, 801f
scaphoid, 956–957, 957f, 958f, 959f, 967, 968–970, 971

in children, 779–780, 965, 970
classification of, 968, 969f
nonunion of, 780
occult, 968
types of, 780

with segmental bone loss, 801
Seymour, 777–778, 795
of skull base, hemorrhage from, 275
Smith, 956
supraorbital, 279–280
three-level, 343
tripod, 308–309
ulnar styloid, 954
of the zygoma, 57, 275–276, 280, 301, 301f, 308–315

complex, 308–309
displaced, 311f, 312
malunion of, 314

Frankfort horizontal plane, as cephalometric landmark, 188
Fransceshetti-Zwahlen-Klein syndrome, 243t
Freeman-Sheldon syndrome, 772, 774
Free muscle transfers

in facial paralysis, 434–435, 435f, 437
functional, 842
neurotized, 895

Free tissue transfers
for chest wall reconstruction, 588
for distal lower extremity coverage, 611
first use of, 685
functional, 718
for hand coverage, 840
for lymphedema, 633
microvascular, 712–716

for forehead reconstruction, 378–379
See also Flaps, free

for oral cavity reconstruction, 412
for plantar foot coverage, 611
for sickle cell ulcers, 624
for venous leg ulcers, 619–620

Frey syndrome, 350–351
Frontal bone, posttraumatic deformity of, 341
Frontal bone advancement, 136, 205, 206f, 208
Frontalis muscle

functional reconstruction of, 379
resection of, 493

Frontal nerve, anatomy of, 484
Frontal sinus, 144

anatomic boundaries of, 292
fractures of, 275, 291–294, 334–335

in children, 287, 288f, 291
complications associated with, 292

function of, 292
obliteration of, 279
pneumatization of, 286
post-frontocranial remodeling growth of, 137
post-repair osteomyelitis of, 279

Frontofacial monobloc advancement (FFMA), 138
Frontonasal duct, injuries to, 294
Frontoorbital advancement, in craniosynostosis, 239–241, 240f
Frontoorbital advancement and anterior cranial vault reconstruction (FOAR), 

204–205
Frontoorbital remodeling, in craniosynostosis, 137

Frontoparietal (monobloc) distraction, 216, 217f
Frostbite, 656, 657–660, 838
Frown lines.

see Glabellar frown lines

G
Gagging, Passavant’s ridge in, 153
Gail model, of breast cancer risk assessment, 461
Gait disturbances, 858
Ganglion, 905, 916–917, 966
Ganglion blocks, 927
Gangrene, 616, 850

cutis aplasia congenita-associated, 774
Fournier’s, 639
gas, 121, 600–601

Gardner syndrome, 167
Gastrocnemius muscle

blood supply to, 702f, 702t
lateral, harvesting of, 718
medial and lateral heads of, 701
use as flap, 698f, 701

Gastroschisis, 602
Gel sheeting, silicone, 121
Gender assignment, 638
Genioplasty, 190, 205, 285, 572, 573–578
Genitalia

ambiguous, 637–638
reconstruction of, 636–639
thermal injuries to, 646

Giant cell tumors, 913, 914f, 917
Gibson’s principle, 528
Gigantism, 772–773
Gillies approach, to the zygomatic arch, 312
Gilula arcs, 981
Gingiva, drug-induced hyperplasia of, 170
Gingivoperiosteoplasty, 149
Glabellar complex, 580–581
Glabellar frown lines, 479, 479f, 484
Gliding exercises, flexor tendon, 930
Glogau’s classification system, of photoaging, 551, 552t
Glomangioma, familial, 118
Glomia, nasal, 348
Glomulin gene, 118
Glomus body, 785
Glomus tumors, 785, 873, 915, 915f
Glomuvenous malformations, 118
Glossoptosis, 143
Glucagon, 661
Gluconeogenesis, 661
Gluteus maximus muscle

blood supply to, 627, 702f, 702t
functional anatomy of, 608
innervation of, 627
use as flap, 607t, 608, 627–628

Glycolic acid, as chemical peel agent, 550, 551–552
Goldenhar syndrome, 243t, 249, 253, 353, 397
Golfers, hamate hook fractures in, 971, 985
Gonadal dysgenesis, 638
Gonococcal infections, 847
Gore-Tex, 564, 600
Gorlin syndrome, 167
Gout, 757
Gracilis free muscle transfer, 435–436, 435f, 842
Gracilis muscle

blood supply to, 702f, 702t
use as flap, 628, 714, 715, 718

Grafts
bone.
see Bone grafts
cartilage.
see Cartilage grafts
skin.
see Skin grafts
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Graft-versus-host disease, 733
Granuloma, pyogenic, 116, 781, 785, 873, 915, 916f
Grease, removal from injured body parts, 655
Great auricular nerve

anatomy of, 510f
injuries to, 350

rhytidectomy-related, 509–512
in oropharyngeal carcinoma, 28

“Great nerves travel together,” 427
Grind test, 952
Grip lock, 965
Grip strength, 830
Growth factors

in syndromic craniosynostosis, 197
in wound healing, 47, 48t

Gump, Andy, 416
Gunshot wounds, 281, 326, 416, 864b, 882
Gustilo Fracture Score, 613, 613t
Guyon’s canal

boundaries of, 743
volar ganglion in, 914f

Guyon’s canal syndrome, 887
Gymnast’s wrist, 965
Gynecomastia, 470–474, 546

ultrasound-assisted liposuction treatment for, 540

H
Hagedorn-Le Mesurier method, of cleft lip repair, 146
Haines-Zancolli test, 751–752, 752f
Hair, growth of, 126
Hair-bearing skin, in lip reconstruction, 368–369
“Hair collar” sign, 117
Hair follicles

anatomy of, 123–125, 125f
cloning of, 126
on skin grafts, 677–678

Hairline
design of, 125
occipital, surgical distortion of, 507

Hair removal procedures, 554, 556–557, 579
Hair strip grafts, for eyebrow reconstruction, 379–380
Hair transplantation, 123–127

for eyebrow reconstruction, 366
with hair plugs, 379

Hall-Findlay vertical reduction technique, for reduction mammaplasty, 449f, 449
Halogens, as leg ulcer cause, 616b
Hamartoma, 916–917, 916f
Hamate bone, 984, 984f

articulation with the lunate bone, 943
blood supply to, 939
fractures of, 967

Hamate hook, fractures or injuries of, 952–953, 971, 985
Hand.

anatomy of, 739–748
anesthesia for, 760–766
arthrodesis of, 806–810
arthroplasty of, 810
burn injuries to, 669, 671, 671f, 838

in children, 777, 781
burn-related contractures in, 670
compartment syndrome of, 878
congenital anomalies of, 767–775, 855

duplications, 769–770, 769f
ipsilateral deformities, 591
syndactyly, 767–768, 768f
syndromes associated with, 201

contractures of, 670, 782
degloving injuries to, 867–869, 868b, 868f
edema in, 934
extensor tendon injury zones of, 820–824, 820f
fascial spaces of, 848
flexor tendon injury zones of, 815–816, 816f

Hand (Continuied)
fractures of, 794–801, 794

in children, 777–779
functional sensibility of, 749
infections of, 740, 845–850
injuries to, in children, 290
innervation of, 743
intrinsic minus deformity of, 671
metacarpal, 867
mutilated, 860–870
nerve regeneration in, 882
neurosensory functions of, 843
pediatric, 776–782
phalangeal, 867
physical examination of, 749–754

in pediatric patients, 776–782, 776t
prehension ability of, 860
radiologic examination of, 755–759
rehabilitation of, 929–935
replantation surgery in, 852–853, 866–867, 866b

versus hand transplantation, 733, 734t
rheumatoid arthritis of, 756, 756f, 900, 901
soft tissue coverage for, 838–844
splinting of, 741–742
tendon repair in, CPT coding for, 59
transplantation of, 715–716, 729–736

forensic implications of, 735
versus hand replantation, 733, 734t
versus organ transplantation, 734t
transplant rejection in, 730–732

tumors of, 912–923
vascular anastomotic connections of, 743
vascular tumors of, 781
See also Fingers; Fingertips

Hand surgery, in sickle cell disease patients, 17
Harlequin deformity, 204, 283f
Harm, protection from, 63, 70
Head and neck

cancer of, 399
classification of defects of, 370–371
embryology and anatomy of, 347–354
injuries to, in children, 290
local flaps for, 363–372
port-wine stains of, 874
reconstruction of, 341–342, 370–371

Head and neck cancer, 355–362
See also Oral cancer

Hearing loss, 16, 156
Hemangioendothelioma, kaposiform, 873–874
Hemangioma, 114–119

capillary, 115
cavernous, 115
congenital, 114
developmental phases of, 872
differentiated from vascular malformations, 114, 773, 872
of the hand, 781
infantile, 115
of the nose and paranasal sinuses, 356–358
rapidly involuting congenital (RICH), 114
of the upper extremity, 873

Hemangiomatosis, 115
Hemangiopericytoma, of the skull base, 257
Hematologic disease, as leg ulcer cause, 616b
Hematoma

anterior cranial fossa fracture-related, 277
ear reconstruction-related, 398
face lift surgery-related, 508–509
frontal sinus fracture-related, 291
retrobulbar, 393
septal, 296–297
as skin graft failure cause, 679
subungual, 784
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Hematoma block, for distal radius fracture reduction, 998
Hemiarthroplasty, 810

resection, 992
Hemoglobinuria, 650
Hemorrhage

maxillofacial injury-related, 275
nasal, 275
retrobulbar, 490
during spaghetti wrist repair, 743

Her2, 460
Herbal remedies, interaction with anesthesia, 20
Hermaphroditism, 637–638
Hernia

abdominal wall, 25
incisional, 597, 598f, 599
TRAM flap-related, 603

Herniorrhaphy, 4
Herpes infections, oral, 557
Heterografts, 677
“Hildreth’s sign,” 873
Hip, burn-related contractures of, 670
Hippocrates, 196
Hippocratic Oath, 63
Histamine triple response, 895
Histiocytoma, malignant fibrous, 919–920
Histogenesis, distraction, 213–214
Hoarseness, 276
Holdaway ratio, 184
Holoprosencephalic disorders, 144
Holt-Oram syndrome, 768, 774, 856
Homografts, 677
Hopkins rod endoscope, 561, 562f
Horner syndrome, 895–896
Hot packs, 934
Huber tendon transfer, 829f
Human amniotic membrane, use as temporary burn  

dressing, 681–682
Human experimentation, 66, 70
Human leukocyte antigen, 730–732
Humerus, fractures of, 825–826
Hurler syndrome, 167
Hutchinson’s sign, 82, 108, 918
Hyaluronase, 583
Hyaluronic acid, 46, 48t

as bone tissue scaffold, 74
use in facial rejuvenation, 581–583

Hyaluronic acid injection, 579
Hydrocephalus, 241–242
Hydrofluoric acid, as burn cause, 654
Hydrogel, as tissue expander, 22
Hydroxyapatite, 29–30
Hygroma, cystic, 774–775, 875
Hyperbaric oxygen therapy

for frostbite, 659
for wound healing, 6

Hypermetabolic response, to burn injuries, 663
Hyperparathyroidism, renal failure-related, 757
Hyperpigmentation

in eponychial fold, 918
of skin grafts, 680

Hyperplasia
of the breast, 460–461

constricted breast (inferior pole), 456–457
congenital adrenal, 637

Hypertelorism, 332f
differentiated from telecanthus, 331

Hypertelorism, orbital, 235–237, 245–246
craniofacial clefts associated with, 249–250, 251f

Hypertension
intracranial, 241–242
venous, 617–618

Hyperthermia, malignant, 18

Hypertrophy
of scars, 7
skeletal and fibrovascular, 116–117

Hypocalcemia, hydrofluoric acid burn-related, 654
Hypoesthesia, orbital floor fracture-related, 303
Hyponychium, 783, 783f, 787
Hypopigmentation, of skin grafts, 680
Hypoplasia, of the thumb, 856–857, 856t
Hypospadias, 636–637
Hypotelorism, orbital, 198, 250, 332f
Hypotension, in burn patients, 19
Hypothenar eminence, ulnar wrist pain in, 985
“Hypothenar hammer syndrome,” 986
Hypothermia, 657–660
Hypoxia, aspiration-related, 17

I
Iliac arteries, circumflex, 595, 595f
Iliac crest, as mandibular bone graft donor site, 418, 419t
Ilium, as mandibular bone graft donor site, 419t
Ilizarov technique, 230, 614
Immobilization

after nerve decompression surgery, 891
of the hand, 796
as Kienböck disease treatment, 973–976
for wound healing, 9

Immune response, to burns, 663–664
Immunonutrition, 662–663
Immunosuppressive therapy

for face allotransplantation patients, 725, 726
for hand transplantation patients, 729, 730, 731t
ideal drug for, 729
induction and maintenance forms of, 729
long-term effects of, 726

Impartiality, 65
Implant materials.

ethical use of, 67–68
See also Alloplastic implants

Incisions
for approach to the orbit, 304–305, 305f
for augmentation mammaplasty, 442
axillary, 442
bicoronal, 305, 485
blepharoplasty, 496–497
for chin implants, 574
circumvestibular, 570–571
coronal, 312, 313f, 317–318
for craniofacial ridge fixation, 328, 328t
for eyebrow and forehead lifts, 485, 486f
for fasciotomy, 878f
for felon drainage, 845–846, 845t
in the forehead, 366
gingivobuccal, 305
intramammary, 442
lateral brow, 305
for maxillary fracture exposure, 317–318
modified anterior hairline, 485
periareolar, 442
preauricular, 507
retrotragal, 507
subciliary, 304, 305–306, 305f
transcaruncular, 305
transconjunctival, 304–305, 305f
transjugal, 304
wound care for, 4
W-type, in abdominoplasty, 534f
for zygomatic fracture reduction, 312–314, 312f, 313f

Incisors, exposure during repose and smiling, 188
Index finger

adduction restoration in, 832
pollicization of, 857, 864

Induction therapy, 729
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Infants.
anesthesia in, 17–18
blepharoplasty in, 488
cleft lip repair in, 17–18
computed tomography in, 284
mandibular distraction in, 221
trigger finger treatment in, 911
See also Neonates

Infection rate, in wounds, 35
Infections

of the abdominal wall, 596
of the foot, 623
frontal sinus fracture-related, 292, 293f
of the hand, 740, 845–850
implant-potentiated, 32
malnutrition as risk factor for, 662
mandibular fracture repair-related, 323
of the nails, 784–785
as skin graft failure cause, 679
of wounds, 6

Infectious disease, as leg ulcer cause, 616b
Inferior alveolar nerve

anatomic variation of, 255
in mandibular fractures, 278–279, 323

Inferior oblique muscle, 594
blood supply to, 701
functions of, 301
origin and insertion of, 389, 587, 587f
use as flap, 698f

Inflammation
in fetal wound healing, 46
suture-related, 8
in venous ulcer development, 618–619

Inflammatory cell mediators, in fetal wound healing, 46
Informed consent, 51–52, 53f, 67, 70

for facial transplantation candidates, 727
for hand transplantation candidates, 734–735

Infraclavicular nerve block, 761
Infraorbital artery, in Le Fort I maxillary segment, 190
Infraorbital nerve

compression of, 889
exit from skull, 15, 275–276
in facial/scalp allotransplantation, 725
as nasal innervation, 296
in orbital floor fractures, 303

Infraorbital nerve block, 15, 16, 369, 402
Infraorbital rim, surgical approaches to, 312
Inhalation injuries, 643, 644, 668
Injuries, effect on metabolism, 661
Insect bites, as leg ulcer cause, 616b
Inspiratory muscles, 587–588, 587f
Insulin-like growth factor-1, 215
Insulin therapy, 661–662, 663–664
Integra artificial skin, 42, 646
Intense pulsed light, 557
Intercanthal distance, 306
Intercarpal joints, rheumatoid arthritis-related deformities of, 902
Intercarpal ligaments, 983
Intercostal arteries, thoracic and lumbar, 595, 595f
Intercostal muscle, use as flaps, 608
Intercostal nerves, 595–596

bilateral blocks of, 16
Intercostal space, as axillary border, 459
Intercostobrachial nerve, 459
Interdental fixation, 322
Intermaxillary fixation, 318, 322
Internal fixation

of mandibular fractures, 322–323
of metacarpal and phalangeal fractures, 796–797, 796t
of pediatric metacarpal and phalangeal fractures, 779b
rigid, of maxillary fractures, 318–319
in small joint arthrodesis, 807–808, 808f

“Internal goods,” 62
Internal mammary artery grafts, 588–589, 590
International Registry of Hand and Composite Tissue  

Transplantation, 733
Interocclusal distance, measurement of, 322
Interorbital distance, 235–237

medial, 296
See also Hypertelorism, orbital

Interosseous muscles
contractures of, 752, 752f
innervation of, 742–743, 746
insertion sites of, 746

Interphalangeal joints.
See also Distal interphalangeal joint; Proximal  

interphalangeal joint
anatomy of, 742, 742f
displacement of, 742f
extension of, 742, 745, 746
fusion of, 806
reconstruction of, 771

Interpupillary distance, 235
Interscalene groove, 761
Interscalene nerve block, 761, 763–764
Intersection syndrome, 909, 910f, 953
Intracranial decompression phenomenon, 202–203
Intracranial pressure

elevated
assessment of, 284
craniofacial syndromes-related, 241–242
craniofaclal syndromes-related, 136, 197–198
pathognomic ophthalmologic sign of, 198
radiographic indicators of, 198, 199f

normal, 242
Intrascaphoid angles, anteroposterior and lateral, 941, 941f
Intravenous drug abusers, abscesses in, 850
Intravenous fluids, administration during liposuction, 539
Intrinsic muscle tightness test, 822, 822f
“Inverted V” deformity, 522, 523f
Invisalign, 170
Ipsilateral nerve grafts, 433
Irrigation

of chemical burn wounds, 652–653
prior to flap coverage, 838
tendon sheath, 847

Irrigation fluids, 35
Ischemia

of burn injuries, 672
compartment pressure in, 877
as contracture cause, 878–879
critical time of, 686
ear reconstruction-related, 398
face lift-related, 513
microvascular free tissue transfer-related, 713
primary versus secondary, 686
in the upper extremity, 876–877
of wounds, 6, 33

Ischemia-perfusion injury, 686–687
Ischiopagus, 268, 269f
Isografts, 677
Isolagen, 582t
Isotretinoin, 558

J
Jackson-Weiss syndrome, 197
Jahss maneuver, 799, 799f
Jaw.

anteroposterior position of, 568
embryologic development of, 139–141, 140f
fractures of, 275, 276
See also Mandible; Maxilla

Jehovah’s Witnesses, leech therapy contraindication for, 722
Jessner’s solution, 550
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Joint(s)
dislocations of, 802–805
functional stability testing of, 802

Joule heating, 648
Jowls, 508
Juncturae tendineae, 822
Justice, 63, 64
Juvéderm, 582t

K
Kanavel, Allen B., 845, 847
Kant, Immanuel, 69
Kaposiform hemangioendothelioma, 114
Kasabach-Merritt syndrome/phenomenon, 114–115, 873–874
Keloids, 6–7, 120–122

tattoo-related, 128–129
Keratoacanthoma, 403, 910–911
Keratosis, actinic or seborrheic, 5, 104, 918
Kidney cancer, metastatic, 921
Kienböck’s disease, 970, 972–978
Kiesselbach’s triangle, 118–119
Kinematics, 961

of the carpal bones, 961–962
Kinetics, 961
Kirner deformity, 776–777
Kleebattschädel anomaly, 201, 231–232
Kleinert traction, 929, 929f
Kleinman test, 986
Klippel-Trénaunay syndrome, 117–118, 118t, 874
Klumpke palsy, 835, 894
Knee

burn-related contractures of, 670
soft tissue coverage of, 610

Kocher, Theodore, 908–909
Koebnerization, 128–129
Krukenberg procedure, 867
Kutler lateral V-Y technique, 792f
K-wire fixation, 797, 799f, 800f, 807, 809f

L
Labial arteries, 402
Labiomental angle, in chin augmentation, 566
Lacerations

facial, 278, 349–350
CPT coding for, 56

of flexor tendons, 813–819
of the lip, 403
of the neck, 350
as nerve injury cause, 882
periorbital, presence of fat in, 275

Lacrimal bone, 299–300, 299f
Lacrimal diaphragm, 497
Lacrimal glands

in blepharoplasty, 489–490
obstruction of, 393
palpebral and orbital lobes of, removal of, 489–490
ptosis of, 480

Lacrimal system.
transection of, 278
See also Nasolacrimal system

Lagophthalmos, postoperative, 491
Langer’s lines, 10
Laryngectomy, total, 359–360
Larynx

cancer of, 359–360
glottic, 359
supraglottic, 359

Laser, definition of, 554–560
Laser procedures

ablative versus nonablative, 555
aesthetic, 554–560
for hemangioma treatment, 116, 873

Laser procedures (Continued)
for laryngeal cancer, 360
for oral cavity cancer, 415
Q-switched, 130–131, 131f
for tattoo removal, 129–130, 129b

Lateral antebrachial cutaneous nerve compression, 887
Lateral crural setback, 523f
Lateral intermuscular septum, 841
Lateral pterygoid muscle, 323–324
Latham appliance, 148
Latissimus dorsi muscle

as axillary border, 459
blood supply to, 371, 701, 702f, 702t
functional anatomy of, 606–607
use as flap, 607f, 607t, 609, 698f, 710, 717, 718
use in chest wall reconstruction, 588

Learmonth, James, 34–35
Learning deficiencies, 242
Leeches, 721–723, 853
Le Fort, René, 316

See also Osteotomy, Le Fort
Le Fort I maxillary segment, vascular supply of, 190
Leg.

see Lower extremity
Leiomyosarcoma, 110–111
Lentigo maligna, 81, 83f, 87–89, 88f
Leri-Weill syndrome, 964–965
“Lethal midline cystic lymphatic anomaly,” 117
Leukoplasia/leukoplakia, 104
Levator labli superioris muscle, 402
Levator muscles, aponeurosis of, 392
Levator palatini muscles, cleft palate-related abnormalities  

of, 153, 153f, 156
Levator palpebrae superioris muscle, function measurement of, 388–389
Liability issues, in plastic surgery, 50–55
Licensure, 69
Lichen planus, 128–129
Lidocaine, 19

administered as liposuction wetting solution, 539
maximal dose of, 15
“safe” dose of, 20
toxicity of, 539

Ligaments.
“checkrein,” 739–740
as facial tissue support, 478–479, 478f
injuries to, 802–805
See also specific ligaments

Lightning injuries, 650–651, 673
Limb buds, 767–775
Limb ring constrictions, 251
Limbs.

craniosynostosis syndromes affecting, 242
See also Lower extremity; Upper extremity

Limb salvage, in diabetic foot wound patients, 623–624
Linburg’s sign, 753
Lingual artery, 352
Lip

anatomic landmarks of, 401–408, 401f
anesthesia infiltration of, 402
augmentation of, with fat transplantation, 540–541
cancer of, 403
innervation of, 402
lower

anesthetization of, 15, 367
mandibular fracture-related numbness of, 278–279
median clefts of, 250–251
reconstructive goals for, 367

lymphatic drainage of, 402
musculature of, 366–367, 402
post-cleft lip repair residual deformities of, 157–158
primary function of, 401–402
reconstruction of, 366–369, 401–408
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Lip (Continued)
tight, 157–158
upper, effect of Le Fort I osteotomy on, 571–572
vascular anatomy of, 402

Lip adhesion, 148
Lipectomy

belt (circumferential), 546
suction-assisted, 16–17, 20

in abdominoplasty, 535, 536f
as gynecomastia treatment, 472–473
as lymphedema treatment, 634
in nasolabial fold corrective surgery, 501
of the neck, 514

Lipids, daily requirements for, 661–664
Lipodystrophy, 540, 544f
Lipoma, 15, 758f
Lipoplasty, liability issue in, 51f
Liposarcoma, 919–920
Liposuction, 538, 544, 544f

versus abdominoplasty, 540
as breast reduction technique, 448
in combination with abdominoplasty, 540
definition of, 538
indications for, 538
as lymphedema treatment, 634
traditional, 538, 540
tumescent, 541
ultrasound-assisted, 538, 540

as breast reduction technique, 448
as gynecomastia treatment, 472–473, 540

use in abdominoplasty, 535
Lip shave operation, 404
Lipuria, 16–17
Lister’s tubercle, 744, 744f
Lithium metal, as caustic burn cause, 655, 656t
Lobular carcinoma in situ, 458
Local anesthetics.

see Anesthesia
Lockwood’s ligament, 496
Long-face deformity/syndrome, 190, 328
Long thoracic nerve, 459
“Love test,” 873
Lower extremity.

amputation of, 613
versus limb salvage, 612

angiosomes of, 611
blood supply to, 611
compartments of, 612
distal, wound coverage for, 611
limb salvage of, 612, 613
lymphedema of, 634
nerve compression syndromes of, 888
reconstruction of, 610–615
replantation of, 613–614
ulcers of, 616–625

diabetic foot, 621–622
sickle cell disease-related, 624

veins of, 618
zone of injury determination in, 614
See also Ankle; Foot; Toes

Lückenschädel, 284
Luckett, 527
Lumbricals, role in interphalangeal joint extension, 745
Lunate bone, 958f, 984, 984f

articulation with
the hamate bone, 943
the radius, 939–940

avascular necrosis of
see Kienböck disease
blood supply to, 939, 972
dislocations of, 957–958, 979–980, 979t, 980f
excision/excision arthroplasty of, 976

Lunate bone (Continued)
fractures of, 967, 970
revascularization of, 976

Lung cancer, 471, 921
Lunotriquetral compression test, 950
Lunotriquetral joint

instability assessment of, 950, 950f
instability of, 983
limited wrist arthrodesis of, 1007
motion assessment of, 983

Lunotriquetral ligaments, 939
injuries and tears of, 982–983, 985, 986
palmar, 983

Lunotriquetral shear test, 986
Lunula, 741, 783, 783f, 787
Lymphangioplasty, 633
Lymphangiosarcoma, 632–633
Lymphaniography, 632, 633
Lymphatic grafts, 634
Lymphatic malformations, 114, 115, 117, 874–875
Lymphaticovenous malformation, 114, 115
Lymphatics, 630–634

dermal, 787
Lymphatic system, anatomy and functions of, 630
Lymphedema, 630–635
Lymphedematous extremity

blood pressure monitoring in, 634–635
venipuncture in, 635

Lymph nodes, of the neck, 355–356, 356f
Lymph node-venous anastomosis, as lymphedema treatment, 633
Lymphoscintigraphy, 632

M
MacIntyre, Alasdair, 61
Macrochimerism, 732–733
Macrodactyly, 772–773
Macrogenia, 189
Macrophages, in wound healing, 3
Macrostomia, 143–144
Madelung deformity, 964, 965
Maffucci disease, 917–918
Maffucci syndrome, 118, 118t, 873
Magnesium, effect on wound healing, 5
Magnetic resonance arthrography, of the wrist (MRA), 959
Magnetic resonance imaging (MRI)

for abdominal wall defect evaluation, 596
for craniofacial dysostoses evaluation, 284
for electrical injury evaluation, 650
for growing skull fracture evaluation, 334f
for inflammatory arthropathy treatment response evaluation, 759
for Kienböck’s disease evaluation, 972, 973, 974f, 975f, 976f
for panfacial fracture evaluation, 327
for skull base tumor evaluation, 259
for soft tissue tumor evaluation, 758–759, 758f
tattoo-related reactions during, 128–129
for vascular malformation evaluation, 114
for wrist disorders evaluation, 958–959, 959f

Maiman, Theodore, 554
Maintenance therapy, 729
Malar bone.

see Zygoma
Malar complex fractures, 301
Malar fat pads.

see Fat pads, malar
Malar fractures.

see Zygoma, fractures of
Malar implants, 565, 566
Malformations, 768

definition of, 238
Malignant melanoma.

see Melanoma
Mallet finger/deformity, 808–809, 822–823
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Malnutrition, 662
Malocclusion

after skeletal fixation, 570
Angle classification system for, 166, 166f, 187–191, 187f, 322
mandibular fracture-related, 277, 320, 323
types of, 167–168
untreated Le Fort fracture-related, 277

Malpractice litigation, 50–55
reduction mammaplasty-related, 449

Mamelon, 169
Mammaplasty

augmentation, 441–445
bilateral intercostal nerve blocks for, 16
endoscopic, 562
types of breast implant for, 442–443

reduction, 446–452, 464
reduction, 446–452, 464
See also Mastopexy

Mammography, 458–459
Mandible

anatomy of, 320–324, 320f
deformities of

Pruzansky classification of, 219, 220f, 221
type III, 255

distraction osteogenesis of, 216, 219–225, 255
effect of muscles of mastication on, 353–354
embryologic development of, 139, 141
fractures of, 276, 278–279, 320–325, 343

with associated maxilla and orbital fractures, 318
in children, 286–290
“five Ps” of, 320
nondisplaced, 276
nonunion of, 338–339
subcondylar, 277, 281

growth patterns of, 286
hypoplastic, 219
“locked open,” 278
median clefts of, 250–251
movement of, 165, 170
oral cancer involvement of, 359
reconstruction of, 416–421

in children, 420
repositioning of, 189
retrorepositioning of, 193, 194
sagittal split osteotomy of, 256
shotgun injuries to, 281
size increase of, 255
trauma response of, 192–193
vertical opening range of, 191

Mandibular distraction, 216
Mandibular distraction gap, nominal strain in, 214
Mandibular ligament, as facial tissue support, 478, 478f, 498–499, 505
Mandibular nerve block, 15–16
Mandibular nerves, rhytidectomy-related injury to, 510–512
Mandibular plane, as cephalometric landmark, 188
Mandibular plane angle, 188
Mandibular ramus, 253, 255
Mandibulectomy, 359, 416
Mangled Extremity Severity Score (MESS), 613, 614t
Marionette lines, 498
Masers, 554
Masquelet test, 950, 950f
Masseter muscles

attachment to the zygoma, 309
contraction of, 353–354
mandibular nerve block for, 15–16

Masseter muscle transfers, 436
Mastectomy

breast reconstruction following, 462–465
for gynecomastia, 472f, 546
lymphedema following, 631
prophylactic, 462

Mastication, muscles of, 170, 353–354
Mastopexy, 453–457

augmentation, 464
Benelli, 456
following massive weight loss, 544–545, 546
use in breast reconstruction, 464

Maxilla
alignment of, in bilateral cleft lip repair, 149
bone grafts for, 318
buttresses of, 316–319
in craniofacial microsomia, 255
distraction osteogenesis of, 216, 226
embryologic development of, 139–141
fractures of, 316–319, 343

with associated mandibular and orbital fractures, 318
displaced, 343
facial deformities associated with, 328
Le Fort, 275, 277, 280, 316–317
Le Fort I, 316, 316f, 317, 318, 336
Le Fort II, 277, 316, 316f
Le Fort III, 277, 316, 316f, 318

growth patterns of, 286
hypoplasia of, 226, 242, 253
ideal vertical position of, 568
transverse expansion of, 570
vertical deficiency of, 190
vertical excess of, 190

Maxillary advancement
in cleft patients, 192, 195
relapse of, 195

Maxillary distraction, 216
Maxillary expansion, 175–176, 175f
Maxillary prominence, 139
Maxillary protraction, 176, 176f
Maxillary sinus, 144

maturation of, 316
orbital content prolapse into, 248, 248f
pneumatization of, 286
tumors of, 358

Maxillomandibular fixation, in children, 289, 289f
Maxillomandibular fixation (MMF), 322, 324
Maximal voluntary effort, 933–934
Maxon, as suture material, 9
McGregor’s patch (zygomatic ligament), 478, 478f
Mechanical transduction, 214
Meckel’s cartilage, 139–141
Medial crural setback, 519–520, 521f
Medial pectoral nerve, 459
Median nerve

compression syndromes of, 887
in crossover innervation, 743
function testing of, 885t
injuries to, splinting of, 933
injuries to, tendon transfers for, 826–827, 828–830
as interosseous muscle innervation, 746
location of, 743
palsy of, 826–827

combined with ulnar nerve palsy, 832–833, 833f
as thumb innervation, 743
in thumb interphalangeal joint extension, 743

Median nerve block, 764
Median nerve grafts, 852
Medical education, 69–70
Medicare, 58
Medpor, 30, 564–565
Melanocytic lesions, classification of, 99
Melanoma, 81–102, 918, 919f

acral (and mucosal), 81, 82, 83f, 89–91, 90f
angiotropic, 92, 93–94
desmoplastic neurotropic, 92–93
diagnostic categories of, 99
of the ear, 399
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Melanoma (Continued)
elective neck dissection in, 361
of intermittently sun-exposed skin (pagetoid), 81, 82f, 84f, 85f, 86–87, 86f
metastatic, 85, 87, 98–99, 99t, 100
minimal deviation, 94
of the nail apparatus, 785–786
nevoid, 94
nodular, 81–82, 83f, 84f, 91, 92f
pathology report for, 100
prognostic factors for, 99–101, 100t
regression in, 98, 100t
small cell, 94–96
solar (lentigo maligna), 81, 83f, 87–89, 88f
spizoid, 96–97
subungual, 82, 84f, 918f
surgical management of, 101–102, 112
unusual variants of, 92

Melanoma.
see Malignant melanoma

Melanonychia striata, 785
Meloschisis, 248, 249
Meningioma, 258
Meningitis, frontal sinus fracture-related, 292
Meningocele, 609
Meningomyelocele, 609
Mentalis muscle, chin implant surgery-related injury to, 566
Mental nerve

exit from skull, 15
in facial/scalp allotransplantation, 725

Mental nerve block, 15, 367, 369, 402
Mental retardation, 136, 137, 242
Meralgia paresthetica, 887, 888
Merkel cell (trabecular) carcinoma, 105, 110–112
Mesenchymal stem cells, 74
Mesenchymal tissue, differentiation of, 214
Meshed grafts, versus sheet grafts, 646
Mesh/meshing, 679–680

use in abdominal hernia repair, 599–600, 603
use in head and neck reconstruction, 341–342

Mesiodens, 167
Metabolic disease, as leg ulcer cause, 616b
Metabolism, 661–664
Metacarpal base, fractures of, 778
Metacarpal head

“cam” effect of, 803
fractures of, 798–799
palmar rotation of, 857

Metacarpal joint
fractures of, 794–801
hyperextension of, 746
ossification of, 777
primary flexors and extensors of, 745–746
rheumatoid arthritis-related deformities of, 990
short fourth, 757

Metacarpal neck
angulation of, in children, 778
fractures of, 778, 799, 799f

Metacarpal shaft, fractures of, 778, 799–800
Metacarpal stress test, 964
Metacarpophalangeal joint

anatomy of, 741f
arthroplasty of, 902
dislocations of, 803
in Dupuytren’s disease, 904
extension tolerance of, 742
extensor mechanism of, 821
flexion of, 751
flexion position of, 741–742, 741f
fusion of, 806
immobilization in flexion of, 803
implant arthroplasty of, 930–931, 930f
ligamentous rupture of, 753

Metacarpophalangeal joint (Continued)
physical examination of, 751
rheumatoid arthritis of, 756f, 901, 902, 990
sprains of, 753

Metallic fixation materials, for pediatric facial fracture  
treatment, 287

Metals, as alloplastic implant materials, 28, 29
Metastases

to the hand, 757, 921
to the skull base, 257–258

Metatarsal ulcers, 623
Methotrexate, as leg ulcer cause, 616b
Methylmethacrylate, use in head and neck reconstruction, 341–342
“Metopic groove,” 199, 200f
“Metopic notch,” 199
Microbiology, quantitative, 35–36, 37
Microchimerism, 732–733
Microdermabrasion, 553, 579, 583–584
Microdissection, 709, 710f
Microgenia, 189
Micrognathia, 143

bilateral, 222f
Microphthalmia, prenatal diagnosis of, 253
Microscope

operating, 852
use in free tissue transfers, 715

Microsomia
craniofacial, 219, 253–256
hemifacial, 243t, 244–251, 249f, 253, 397

Microstomia, 670–671
Microsurgeons, 712
Microtia, 352–353, 396–397, 397f, 398f, 400
Microvascular techniques, for mandibular reconstruction, 255, 418
Microvascular transplants.

see Free tissue transfers, microvascular
Midcarpal joint

communication with carpometacarpal joint, 943
fusion of, in rheumatoid arthritis, 993
physical examination of, 951
role in wrist flexion and extension, 1002

Midcarpal shift test, 981
Midface

distraction osteogenesis of, 216, 226–229, 230
fractures of, as cheek ptosis cause, 335–336
growth centers of, 286
growth of, postoperative, 236
hypoplasia of, 239, 241f, 242
shotgun injuries to, 281
undermining of, 314

Midpalmar space, 849
Midthoracic defects, flap coverage for, 609
Milk teeth, 175
Millard bilateral cleft lip repair, 150f
Mimetic muscles, 498, 499–500
Minerals, effect on wound healing, 5
Miniabdominoplasty, 535
Miniplates

for maxillary fracture fixation, 318–319
titanium, long-term risks of, 336–337, 337f

Minoxidil, 126–127
Mirault-Blair-Brown method, of cleft lip repair, 146
Mitotic index, of expanded skin, 21
Möbius syndrome, 428, 436–437
Mohs, Frederick, 108
Mohs’ surgery, 108–113
“Molding of the generate,” 214
Monobloc advancement osteotomy, 208, 210f
Monobloc distraction, 216, 217f
Monocryl, as suture material, 9
Mononeuropathy, 890
Morphogenetic proteins, in distraction osteogenesis, 73
Morykwas, Michael, 38–39
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Mouth.
see Oral cavity

Mucocele, 258, 292, 335
Mucopyocele, 292
Mucous membranes, Bowen’s disease of, 104
Muir-Torre syndrome, 104
Müller’s muscle, 388, 389
“Multiple compartment” concept, 762
Munro classification system, for orbital hypertelorism, 235, 235f
Muscle contractions, D-turbocurarine-related, 16
Muscles

antigenicity of, 725 
See also specific muscles

Musculi frontalis muscle, function of, 484
Musculocutaneous artery, as blood supply source for flaps, 684, 684f
Musculocutaneous nerve, 893–894, 893f
Musculocutaneus perforators, 690
Musicians, cumulative trauma treatment in, 934
Mycobacterium marinum, 849
Mycobacterium tuberculosis, tattoos as risk factor for, 128
Myelocele, 609
Myocardial infarction patients, general anesthesia in, 19
Myofibroblasts, function of, 905
Myofibroma, infantile, 114
Myoglobinuria, 650
Myonecrosis, clostridial, 600–601

N
Nager syndrome, 243t, 352
Nahai-Mathes classification system, for fascia flaps, 689–690, 690f, 717–718
Nail(s)

function of, 749, 783
growth rate of, 783–784
perionychium disorders of, 783–786
trauma-related changes in, 784

Nailbed
anatomy and blood supply of, 783, 783f
destruction of, 787
injuries to, 783–784

Nail folds, proximal, 749
Nail plate, growth of, 741, 749–754
Nail streaks, benign pigmented, 919f
Nail substitutes/stents, 784
Nasal artery, lateral, 518f
Nasal bones, 516
Nasal cavity.

structures draining into, 352
tumors of, 358
See also Nose

Nasal tip. see Nose, tip of
Nasal turbinates, 352
Nasal valves, 295, 517, 518–519
Nasion, as cephalometric landmark, 188
Nasoendoscopy, for skull base tumor evaluation, 259
Nasoethmoidal fractures, 280
Nasoethmoidal-orbital fractures, 291, 306–307, 306f, 333, 343

untreated, 333
Nasojugal grooves, 496
Nasolabial angle, ideal, 516
Nasolabial crease, 498–503
Nasolabial fold, 498–503, 512

effect of superficial musculoaponeuritic system tightening on, 512
retaining ligament for, 513

Nasolacrimal duct
embryologic development of, 139
postoperative dysfunction of, 393

Nasolacrimal system, 352
injuries to, 333
obstruction of, 296

Nasopalatine nerve, as nasal innervation, 296
Nasopharyngeal tumors, surgical treatment of, 260, 261–262
Nasoschizis, 246, 246f

Navicular fat stripe sign, 968
Neck.

aging
aesthetic rejuvenation of, 480–481, 514–515
chronologic signs of, 477–478
contouring methods for, 514–515

burn-related contractures of, 670, 671
dissection of, 356, 357f, 358, 361–362
lymph node regions of, 355–356, 356f
preoperative photographic documentation of, 481
reconstruction of, 23
See also Head and neck; Head and neck cancer

Necrosis, avascular. see Kienböck’s disease
Neonates

facial dimension growth in, 286
finger duplications in, 769–770
hemangiomas in, 872
mandibular distraction in, 221
oral cleft craniofacial disorders treatment in

passive oral protheses, 171–172
for presurgical orthopedic correction, 172–175

Neo-Synephrine test, 392
Neovascularization, 74–76, 700
Nerve(s)

antigenicity of, 725
regeneration of, 880, 881–882

effect of tacrolimus on, 733
See also specific nerves

Nerve blocks.
of eyelid, 15
See also specific nerve blocks

Nerve compression syndromes, 887–892, 933
Nerve decompression, 891
Nerve function tests, 885, 885t
Nerve grafts, 882, 896

versus nerve transfers, 882
Nerve injuries

classification of, 880–881, 881t
closed, 883
combined

tendon transfers in, 832–833, 833f
wrist stability in, 837

degrees (classification) of, 896–897
hand therapy after, 931
orthognathic surgery-related, 190–191

Nerve palsies
arthrodeses use in, 836
thumb abduction in, 836–837

Nerve transfers, 882, 896
Neurapraxia, 880, 881t
Neurilemoma, 921–922, 922f
Neurocranium, 144, 145, 197
Neurofibroma, 921–922
Neurofibromatosis, 772, 921
Neurohormonal cascade, stress-induced, 661
Neurolysis, of the brachial plexus, 898
Neuroma, Morton’s, 889
Neuromuscular bundle, in mandibular sagittal split osteotomy, 256
Neurons, 880
Neuropathy

diabetic, 622, 890
differentiated from nerve compression, 890

Neuropraxia, 896
Neurorrhaphy, 885–886
Neurotmesis, 880–881, 881t, 897
Neurovascular bundle, in Dupuytren’s disease, 904–905, 904f
Neutrophils, in wound healing, 3
Nevi

atypical lentiginous, 96
blue, 97–98
compound or dermal, 97
melanocytic, 81
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Nipple
discharge from, 460
in reduction mammaplasty, 451
transposition of, in gynecomastia treatment, 473, 473f

Nipple-areola complex
after breast augmentation, 444
reconstruction of, 464, 466–469

tattoo use in, 468
Nipple-areola grafts, in gynecomastia treatment, 473, 474f
Nipple grafts, 450
Nodular ulcerative carcinoma, 104–105
Nodules

of Dupuytren’s disease, 905
rheumatoid, 988, 988t
thyroid, 361

NOE fractures.
see Nasoethomoidal-orbital fractures

Noggin, 73–74, 197
Nonmalficence, 63
No-reflow phenomenon, 712–713
Norton scale, for pressure ulcer risk assessment, 626
Norwood, O’Tar T., 123, 124f
Nose

aging, 484
aesthetic rejuvenation of, 480, 480f

anatomy of, 352, 516–525
structural, 295–298, 295f, 352, 516

basal cell carcinoma of, 109f
base of, stabilization of, 519–520
cancer of, 356–358
in cleft lip repair, 148, 149
clefts of, 246, 246f
congenital midline masses of, 348
embryologic development of, 139, 140f, 144
flat, reconstruction of, 341, 344
fractures of, 275, 279, 295–298

in children, 287–288
radiographic evaluation of, 282–285
severely comminuted, 297
Stranc plane II, 280

innervation of, 295
keystone area of, 516
length of, 516
lining of, 386–387, 386f
in orthognathic patients, 571
posttraumatic deformities of, 297
reconstruction of, 381–387
regional anesthesia of, 16
relationship to the chin, 573
skin quality of, 381–382, 382f
subunits of, 381–387, 381f, 516
tip of

blood supply to, 517
nerve injury-related numbness of, 295–296
projection of, 517
supports for, 516

transverse wrinkles on, 484
Notch deformity, of the lip, 403–404, 404f
Nutrition, 661–664

in burn patients, 647
Nutritional deficiencies, effect on wound healing, 6
Nutritional status, assessment and indicators of, 662
Nutritional supplementation, postoperative or  

posttraumatic, 662

O
Obesity

correlation with gynecomastia, 470
morbid, 538, 542–548

liposuction in, 544, 544f
Oblique muscles, origins and insertions of, 594

Oblique retinacular ligament, 746
Obstetric palsy, 897
Obstructive sleep apnea, 215–216, 220, 221, 222f
Obturator syndrome, 888
Occipital nerve

lesser, in oropharyngeal carcinoma, 28
as scalp innervation, 422

Occlusal plane, 168
Occlusion, 168

arterial versus venous, 721, 722t
centric, 187–188
in mandibular fracture treatment, 322
See also Malocclusion

Occlusive disease, classification of, 871, 871t
Oculoauriculovertebral syndrome.

see Goldenhar syndrome
Ollier disease, 118, 756–757, 917–918, 921
OMENS-plus classification system, for craniofacial microsomia,  

254–255, 254t
Omentum, use as flap, 424, 590, 591f, 603, 608, 609, 633
Omphalocele, 602
Omphalopagus, 268, 269f
Onycholysis, 780
Onychomycosis, 784–785, 919f
Openbite, 277, 278, 281

anterior, 167
Open internal fixation, without reduction, 314
Open reduction, of fractures

CPT coding for, 57
with internal fixation, 314

of condylar fractures, 324
of orbital and midfacial fractures, 335–336

of metacarpal and phalangeal fractures, 797
of pediatric facial fractures, 286–287

Ophthalmic consultations, 480
Oppenheimer effect, 28–29
Opponensplasty, 856
Optic canal, 300
Optic foramen, 300
Optic nerve, injuries to, 275
O’Raine test, 776
Oral cavity

benign and premalignant lesions of, 410–411
borders and contents of, 409–415, 409f, 410f
reconstruction of, 409–415

Oral cavity cancer, 411
distribution of, 403, 411
laser therapy for, 415
with mandibular metastasis, 359
in myocardial infarction patients, 19
risk factors for, 410
staging of, 358t

Oral cavity floor
borders and contents of, 409–410, 410f
cancer of, 355–362, 411
ecchymosis of, 320, 321
reconstruction of, 412

Oral cleft craniofacial disorders, orthodontics treatment for,  
148, 171–178

for adolescent and adult dentition, 177
facial growth and, 177–178
for mixed dentition, 176
for orthodontic management, 175–177
passive prosthetics, 171–172
for presurgical orthopedic correction, 172–175

Oral commissure
electrical injury to, 651
reconstruction of, 368, 369, 404–407, 405f, 406f, 407f

Orbicularis muscle ring, reconstruction of, 406f
Orbicularis oculi muscle, 388, 497
Orbicularis oris muscle, 366–367, 402
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Orbit
anatomy of, 299–307, 299f
anterior, as inferior oblique muscle origin site, 389
bone grafts for, 318
bony expansion of, 330
bony structures of, 299–300, 299f
craniofacial cleft involvement of, 249
depth of, 300
fascial framework of, 389
fractures of, 275, 279–280, 282, 282f, 299–307,  

301–302
with associated maxillary and mandibular  

fractures, 318
blowout fractures, 57, 302, 302f, 343
as cheek ptosis cause, 335–336
in children, 287
medial, 333
nasoethmoidal, 276–277, 306–307, 306f, 333

growth patterns of, 286
involvement in craniofacial surgery, 135
relationship with anterior cranial fossa, 300
traumatic injuries to, 340
tumors of, surgical treatment of, 260

Orbital apex syndrome, 303
Orbital cavity, reconstruction of, 318
Orbital contents, entrapment of, 303
Orbital fissures, inferior and superior, 300
Orbital floor

anatomy of, 299
Caldwell-Luc approach to, 306
fractures of, 275–276, 279, 322, 340

blowout, 57, 343
in children, 289–290, 289f

incisional approaches to, 304, 305–306, 305f, 315
in Le Fort III fractures, 318
reconstruction of, 304, 318
surgical approaches to, 312
transconjunctival approach to, 389

Orbital ligament, 484
Orbital rim

anatomy of, 299
fractures of, 301

blowout fractures, 302, 302f
infraorbital, surgical approaches to, 312
lateral

fractures of, 340
surgical approaches to, 312

surgical approaches to, 312
transblepharoplasty approaches to, 495

Orbital roof, fractures of, 304
Orbital walls

anatomy of, 299
fractures of, 301, 303
lateral

displaced fragments of, 340
in orbital hypertelorism repair, 237
in zygomatic fracture reduction, 311–312

medial
fractures of, 322
reconstruction of, 318

Orbitozygomatic complex
fractures of, 318, 319, 330, 336, 343
posttraumatic deformities of, 340–341

Organ procurement organizations (OPO), 733
Organ transplantation, comparison with facial  

transplantation, 725
Oronasoocular cleft, 246–247, 249
Oropharyngeal carcinoma, 359, 396
Oropharynx, 359
Orthodontic camouflage, 568
Orthodontic decompensation, 568

Orthodontics
as craniofacial microsomia treatment, 255
as oral cleft craniofacial disorders treatment, 148, 171–178

for adolescent and adult dentition, 177
facial growth and, 177–178
for mixed dentition, 176
for orthodontic management, 175–177
passive prosthetics, 171–172
for presurgical orthopedic correction, 172–175

presurgical, 148, 189
for rigid external distraction, 226, 227f

Orthognathic surgery, 187–191
aesthetic, 568–572
cephalometric studies prior to, 284–285
in cleft lip/palate patients, 192–195
following cleft lip/palate repair, 157

Orthopedic hardware, exposed, salvage of, 41
Osseointegrated implants, 32
Osseointegration, dental rehabilitation by, 418–420
Ossification

of carpal bones, 777, 964, 964t
of cranial bones, 144, 196–197
epiphyseal, 718, 777f
of hand and wrist bones, 777, 964, 964t

Osteoblastoma, of the skull base, 258
Osteocalcin, 215
Osteochondroma, 916
Osteogenesis, distraction, 72, 137, 212–218

cranial, 230–234
definition of, 226–229
differentiated from sagittal split osteotomy, 256
mandibular, 255
midface, 226–229
optimal daily rate of, 256
rigid, 228, 230f
spring-mediated craniofacial, 232, 233f
tissue formation zones in, 212, 213f

Osteogenic sarcoma, of the skull base, 257–258
Osteoma, 258, 356–358, 913–915
Osteomyelitis

of the distal lower extremity, 611
frontal sinus fracture-related, 292
frontal sinus surgery-related, 279
human bite-related, 849
leg ulcer-related, 616
mandibular fracture repair-related, 323
pelvic, 627

Osteoplastic reconstruction, 858
Osteosarcoma, of the hand, 912–913
Osteosynthesis, rigid, 322
Osteotomy

“box,” 236
in distraction osteogenesis, 230
for genioplasty, 575, 575f, 576f, 577f
Le Fort, differentiated from Le Fort fractures, 316–317
Le Fort I, 190, 192, 193f, 194–195, 205, 208, 228, 571–572

for Angle class III malocclusion correction, 241, 241f
basic technique for, 193
in cleft patients, 193
combined with Le Fort III advancement osteotomy, 208, 209f
palatine artery injury in, 352
for rigid external distraction, 226

Le Fort III, 205, 207–208, 207f
combined with Le Fort I osteotomy, 208, 209f
in midface distraction, 216, 217f
for midface hypoplasia correction, 241f

mandibular, 189, 193–194
sagittal split, 190

maxillary, 193, 194–195
See also Osteotomy, Le Fort; Osteotomy, Le Fort I; Osteotomy, Le Fort III

for orbital hypertelorism correction, 236
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Osteotomy (Continued)
radial wedge, 977–978
sagittal split, 256
ulnar-shortening, 985–986
“U-shaped,” 236

Otitis media, 156
Otoplasty, 526–531

bilateral, 18
regional nerve block for, 16

Outpatients, vacuum-assisted closure use in, 43–44
Outpatient surgery, discharge of patients following, 19–20
Overbite, 167, 168f
Overdrainage phenomenon, 202–203
Overjet, 167
Overweight, 542
Oxalic acid, use in tattoo removal, 129b
Oxandrolone, 664
Oxycephaly, 136, 136f, 199–201
Oxygen tension, effect on wound healing, 663

P
Paget’s disease, extramammary, 110–111
Pain, in lipectomy patients, 20
Pain management

in burn patients, 645
in laser surgery patients, 557

Palatal structures, 151
Palate

anatomy of, 142–143
cleft palate repair-related dysfunction of, 158–159
embryologic development of, 141–143, 142f
fractures of, 276
primary and secondary, 151, 152
reconstruction of, 411–412
soft

fractures of, 280–281
musculature of, 352

Palatine artery, in Le Fort osteotomy, 190, 352
Palatopharyngeus muscle, 352
Palatoplasty, Furlow, 159–163
Palm, wound closure in, 739
Palmar arches, 743
Palmaris longus tendon

absence of, 747
lacerations of, 776
location in carpal tunnel, 747f
in tendon transfers, 827f, 829f

Palmaris tendon grafts, 747
Palmar mutilation injuries, to the hand, 863, 863b, 863f
Palmer Notation System, for dentition  

identification, 165
Palpebral fissure, antimongoloid slant of, 304
Pancytopenia, 856
Panniculectomy, 546

differentiated from abdominoplasty, 535
Papilledema, 198
Papilloma, 258, 356–358
Paraffin baths, 933
Paraganglioma, of the skull base, 258
Paranasal sinuses

cancer of, 356–358
embryonic development of, 144

Parapagus, 268, 269f, 270
Paraplegics, spasticity in, 626–627
Parasitic twins, 268, 270
Parasymphyseal fractures, 281, 323
Parietal bones, as cranial one grafts, 283–284
Parkes-Weber syndrome, 117–118, 118t, 874
Parkland formula, 644, 663
Parona’s space, 740–741
Paronychia, 741, 784, 845, 846–847

Parotid duct
anatomy of, 349–350, 350f
injuries to, 277–278, 349–350

Parotidectomy, 350–351, 360, 427
Parotid gland

anatomy of, 349–350, 350f
cancer of, 360–361
injuries to, 349–350

Parsonage Turner syndrome, 898
Passavant’s ridge, 153
Passive mobilization protocols, in hand rehabilitation, 929, 929f, 930
Passive motion, limited, 931
Patients

problematic, 51
selection of, 50–51

Pectoralis major muscle
as axillary border, 459
use in chest wall reconstruction, 588, 589–590, 589f, 590f

Pectoralis minor dorsi muscle, use as flap, 718
Pectoralis minor muscle

as axillary border, 459
use as flap, 718

Pectoralis minor muscle transfer, 436
Pectoralis muscle

blood supply to, 701, 702f, 702t
as sternal defect coverage, 701

Pectoral nerves, 892f, 893
Pectus carinatum, 592f, 593
Pectus excavatum, 591–593
Pelvis, osteomyelitis of, 627
Penicillin, 320
Penile artery, 636
Penis

anatomy of, 636–639, 636f
congenital anomalies of, 636f, 636–637
curvature of, 637, 638–639
degloving injury to, 639
innervation of, 637
reconstruction of, 639
replantation of, 853

Perforators, 688, 688f, 689, 704
See also Flaps, perforator

Pericranium, 422
Peridex, 320
Perineal artery, branches of, 611
Perineum, thermal injuries to, 646–647
Periodontitis, 170
Perionychium, disorders of, 783–786
Perioral region

aging, aesthetic rejuvenation of, 480
dermabrasion or chemical peel of, 552–553

Periosteum, release of, 563f
Peripheral nerves

of the brachial plexus, 893–894
compression syndromes of, 887–892, 888
decompression of, 890
functional anatomy of, 880, 880f
injuries to, 880–885

tendon transfers for, 825–832
Periungual tumors, 785
Pernio (chilblain), 657–660
Peroneal nerve, deep, entrapment of, 888
Peroneal nerve compression, 889
Personality characteristics, of plastic surgeons, 52
Peyronie, François de la, 638
Peyronie’s disease, 638–639
Pfeiffer syndrome, 197, 201, 240t

distraction osteogenesis treatment for, 231–232
limb anomalies associated with, 242
radiologic evaluation of, 284

p53, 460
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PHACES malformation, 115
Phalanges

fractures of, 794–801
in children, 778–779, 779b
extraarticular, 797

ossification of, 777
“Phalangization,” 857
Phallus, reconstruction of, 639
Pharaoh deformity, 574, 575f
Pharyngoplasty, 159

sphincter, 162f
Phenol

as burn injury cause, 655–656
systemic toxicity of, 656
use as chemical peel agent, 549–550, 551, 552–553

Philtral unit, deformities of, 157
Phleboliths, 115
Photoaging, Glogau’s classification system of, 551, 552t
Photographs, preoperative, 481
Photothermolysis, 117, 554, 556
Phrenic nerve blocks, 763
Phronesis, 62
Physes, open, arthrodesis of, 809, 809f
Physician-patient relationship, 50, 66
Piano keyboard sign, 989
Pierre Robin sequence/syndrome, 143, 219, 242
Pinch

in tetraplegic patients, 835
thumb-index tip, 836–837

Pinching, postoperative supraalar, 519
Pin cushioning, 366
Pin fixation

of distal radial fractures, 999–1000, 1000f
in intercarpal arthrodesis, 1003
of phalangeal fractures, 798f

Pinned techniques, in presurgical orthopedic correction, 173
Piriformis syndrome, 888
Pisiform bone, 955f, 984, 984f

arthritis of, 952, 985
fractures of, 952, 967, 970

Pivot shift test, 951, 951f
Placental bands, 770
Plagiocephaly, 136f, 203–204, 204t, 205–207

anterior, 239
positional, 283
posterior, 239
posterior deformational, 145

Plastic surgeons, impaired, 68–69
Plastic surgery, fundamentals of, 3–7
Platelet-derived growth factor, 3, 5, 47
Plates/plating systems

bioabsorbable, 29
for distal radial fixation, 1000, 1001f
mandibular, 417
for pediatric facial fractures, 287
for the zygomatic arch, 314

Platysma muscle
innervation and function of, 510
in rhytidectomy, 514f

Platysma muscle transfer, 437
Platysmaplasty, 514–515, 514f
Plummer-Wilson syndrome, 410
Pneumothorax, 16, 763–764
“Pointed head,” 199–201
Points A and B, as cephalometric landmarks, 188
Poland syndrome, 590–591, 591, 774
Poliglecaprone 25, 8
Pollicization

of hypoplastic thumbs, 773
in thumb reconstruction, 857, 859

Pollybeak deformity, 522, 522f

Polycaprolactone, as bone tissue scaffold, 74
Polydactyly, 769f
Polydimethysiloxane.

see Silicone
Polydioxanone

as bone tissue scaffold, 74
as suture material, 9

Polyethylene
high-density porous (Medpor), 30, 564–565
use in facial augmentation, 564–565
use in microtia reconstruction, 400

Polyethylene glycol (antifreeze), as chemical burn treatment, 655
Polyglactin 910, 8
Polyglycolic acid, 8, 29

as bone tissue scaffold, 74
Polyglyconate, 8
Polylactic acid, 29

as bone tissue scaffold, 74
Polymers.

as bone tissue scaffolds, 74
for facial augmentation, 30
See also Alloplastic implants; specific polymers

Polymethylmethacrylate, as alloplastic implant material, 335
Polypropylene, use in abdominal wall reconstruction, 600
Polysyndactyly, 242
Polytetrafluoroethylene

use in abdominal wall reconstruction, 600
use in facial augmentation, 564–565

Polyvinyl alcohol foam, use in vacuum-assisted wound  
closure, 38

Pontén, Bengt, 691
Porokeratosis, 104
Ports, for tissue expanders, 23
Port-wine stains, 116–117, 132, 874

laser treatment for, 555
Positron emission tomography (PET), for skull base tumor evaluation, 259
Potassium metal, as caustic burn cause, 655
Poupart’s ligament, 594
Practices, professional, 61–62
Prealbumin, 662
Precedent-setting, 65
Prehension, 860
Premaxilla, 151
Prepalatal structures, 151
Pressure, as lymphedema treatment, 633
Pressure garments, as keloid treatment, 121
Pressure sores.

see Ulcers, pressure
Presurgical orthopedic correction, of cleft lip/palate, 172–175
Primary intention, in wound healing, 4
Profession, definition of, 61
Profile analysis, as cephalometric analysis component, 183–184
Profundus tendon

anatomic relationships of, 747
blood supply to, 747
in transected fingers, 747, 787–788

Progeria, 482
Pronator quadratus fat pad, 954, 955f
Pronator syndrome, 887
Proprius tendons, 744–745
Prostaglandin E2, in fetal wound healing, 47
Prostheses/prosthetic materials

for abdominal wall reconstruction, 597, 600
distal ulna, 992
for mutilated hands, 860
passive infant oral, 165–170, 171–172
for thumb reconstruction, 855

Protein
daily requirements for, 661–664
serum content of, 662

Protein malnutrition, 662
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Proteus syndrome, 773
Proximal interphalangeal joint

arthroplasty of, 810–811
dislocations of, 802–803
extensor mechanism of, 821
fusion of, 771, 806
immobilization in extension of, 803
intraarticular fractures of, 932
limited flexion at, 932
posttraumatic fibrosis of, 803
soft tissue support for, 802, 802f
subluxations of, 803

Proximal motor nerve injuries, 882
“Prune belly” syndrome, 602
Pruzansky classification, of mandibular deformities, 219, 220f,  

221, 254
Pseudoarthrosis, of mandibular fractures, 323
Pseudoepiphysis, 777
Pseudogynecomastia, 471
Pseudohermaphroditism

female, 637
male, 637

Pseudohypertelorism, 235
Pseudomacrogenia, 189
Pseudomicrogenia, 189
Pseudomonas infections, 530, 623
Pseudo-Terry Thomas sign, 777
Pseudoxanthoma elasticum, 482
Pterygoid muscle, medial, contraction of, 353–354
Ptosis

of the aging face, 479, 479f
of the arm, 540
of the breast, 454, 455–456, 456f
of the buccal fat pad, 509
of the cheek, 335–336
congenital, 392
of the eyebrows, 488
of the eyelid, 303, 392

blepharoplasty for, 487–497
postoperative, 491

of the globe, 303
Horner syndrome-related, 894–895
Müller’s muscle injury-related, 389

Pudendal artery, superficial external, 595
Pulleys, 747, 813

in flexor tendon repairs, 816
palmar, 930, 930f
in stenosing tenosynovitis, 908, 910

Pulp nail bed (PNB) classification system, for fingertip injuries,  
789–790, 789t

Pulselessness, compartment syndrome-related, 613
Pupils, Marcus Gunn, 275, 303
Pus, 35
Pygopagus, 268, 269f
Pyramidalis muscle, origins and insertions of, 594

Q
Quadrangle process, 717
Quadrilateral space syndrome, 887
Quadriplegia, thumb abduction in, 836–837

R
Rachipagus, 268, 269f, 270
Racquet sports, hamate hook fractures associated with, 971
Radial artery

anastomotic connection of, 743
anatomy of, 841
isolated injuries to, 854
patency evaluation of (Allen’s test), 691, 743, 751
in radial forearm flap harvesting, 842

Radial mutilation injuries, to the hand, 864, 865b, 865f

Radial nerve, 882–884, 893–894
compression syndromes of, 887
in crossover innervation, 743
function testing of, 885t
injuries to

humeral fracture-associated, 825–826
splinting of, 930

location of, 743
paralysis of, tendon transfers in, 825, 826, 826f, 827f
as thumb innervation, 743
in thumb interphalangeal joint extension, 743

Radial nerve block, 764
Radial styloid process, fractures of, 956, 980, 995f
Radial tunnel syndrome, 887

differentiated from tennis elbow, 888
Radiation exposure

to the abdominal wall, 597
effect on wound healing, 6, 33, 34

Radiation therapy
for breast cancer, 462
for gynecomastia, 472
for head and neck cancer, 356
for keloids, 121–122
for oropharyngeal carcinoma, 297
scalp wound management after, 424
for tongue cancer, 358–359

Radiesse, 582t
Radiocarpal joint

communication with other joints, 943
imaging of, 959
physical examination of, 951
rheumatoid arthritis-related deformities of, 902,  

989–990, 992
role in wrist flexion and extension, 1002

Radiocarpal ligament, dorsal, 983
Radiography

for pediatric facial fracture evaluation, 287
of the wrist, 954–960

Radiology.
of the craniofacial skeleton, 282–285
of the hand, 755–759
See also X-rays

Radiolunate angle, 940, 940f, 981f
Radioscaphocapitate ligament, 983
Radioscapholunate ligament, 941
Radius bone

articulation with the lunate bone, 939–940
distal

anatomy of, 1003f
blood supply of, 941–942
as bone graft donor site, 1007–1008
fractures of, 954–956, 955f, 958f, 966, 994–1001
radiographic measurements of, 997–998, 997t

fractures of, bone graft harvest-related, 417–418
as mandibular bone graft donor site, 419t

Radovan, Chedomir, 21
Raleigh scattering, 583
Ramus, fractures of, 276, 323
Rapid slide test, 35, 37
Rawls, John, 65
Raynaud’s disease, 871–875
Raynaud’s phenomenon, 871–875
Reagan test, 950, 984, 986
Rectus abdominis muscle

blood supply to, 702f, 702t
functions of, 594
origins and insertions of, 587, 587f, 594
use as flap, 590, 629, 698f, 708

TRAM (transverse rectus abdominis musculocutaneous), 57, 
462–463, 686t

use in chest wall reconstruction, 588
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Rectus femoris muscle
for abdominal wall reconstruction, 602–603, 603f
blood supply to, 628

Rectus muscles
functions of, 301
use as flap, 714

Referrals, 59
Referred pain, 351, 351t
Reflex sympathetic dystrophy, 907, 924, 925, 927

imaging evaluation of, 757–758, 758f
orofacial, 925–926
treatment of, 934–935

Relaxed skin tension lines (RSTLS), 10
Rendu-Osler-Weber syndrome, 117–118, 118t
Replantation surgery, 851–854

of the hand, 852–853
use of leeches in, 853

Respiration, muscles of, 587f, 587–588
Respiratory insufficiency, mandibular deficiency-related, 221
Respiratory nerve of Beu, 459
Restylane, 581–583, 582t
Resuscitation

of burn patients, 644, 663
of electrical injury victims, 650

Retin-A, 558
Retinacular system, of the extensor mechanism, 745, 745f
Retinaculum, lateral.

see Canthus, lateral
Revascularization

of fingers, 852–853
of skin grafts, 678–679

Rewarming, as frostbite treatment, 659
Rhabdomyosarcoma, 257, 919
Rheumatoid arthritis, 900–902

arthrodesis use in, 836
finger extension deficits in, 751
of the hand, 756, 756f, 900, 901
radiographic landmarks of, 756
tendon transfers in, 834–835
of the wrist, 988–993

Rheumatoid factor, 988–989, 988t
Rheumatoid nodules, 988, 988t
Rhinion, 296
Rhinoplasty, 118–119, 516–525

in Asian and Caucasian patients, 517
in combination with chin augmentation, 567
liability issue in, 51f
regional anesthesia for, 16

Rhytidectomy, 504–515
comparison of approaches to, 502–503, 502f
facial nerve injury during, 430, 433

Rhytids (crow’s feet), 480, 581
Ribs

as axillary border, 459
as cartilage donor sites, 397–398, 397f, 398f
developmental abnormalities of, 590–591
embryological formation of, 587–593

RICH (rapidly involuting congenital hemangioma), 114
Rigid fixation, of panfacial fractures, 328, 328t
Ring blocks, 765
Roentgen, Wilhelm Conrad, 755–759, 755f
Roo’s test, 898
Root avulsions, 895–896
Ropivacaine, 763
Rotation-advancement method, of cleft lip repair, 146–148, 147f
“Rule of fifths,” 330, 332f
“Runaround” infection, 846

S
Saddle deformity, of the lower lip, 403–404, 404f
Saddle nose deformity, 296, 297, 337, 522

Saethre-Chotzen syndrome, 231–232, 240t, 242
Salabrasion, 129b, 130
Salter-Harris classification, of epiphyseal fractures, 59, 778, 778f, 795f, 

794–795
Sarcoma

classification of, 922, 922t
of the hand, 915

SAT classification system, for craniofacial microsomia, 254–255, 254f
Saucerization, 108
Scaffolds, in bone tissue engineering, 74
Scald burns, 668, 672
Scalene maneuver, 898
Scallop sign, 989, 989f
Scalp

allotransplantation of, 725
anatomic layers and regions of, 126, 351, 422
anatomy of, 373–380, 423f
blood supply of, 351, 373, 373f, 422
bony defects of, 425
flap use in, 366
histologic comparison with the forehead, 373–380
innervation of, 373–374, 374f
reconstruction of, 343–344, 366, 422–426
replantation of, 353–354, 853
tissue expansion of, 23
vascular lesions of, 115–116
wound management of, 423, 424

Scalp laxity, 125–126
Scaphocapitate syndrome, 971
Scaphocephaly, 136f, 198, 239
Scaphoid bone

arthritis of, 946, 1003
biomechanics of, 962, 962f
blood supply of, 743–744, 780, 939, 967, 967f
fractures of, 952, 954–955, 955f, 956f, 957f, 965, 966–968, 969

in children, 779–780, 965, 970
classification of, 968, 969f
nonunion of, 780
occult, 968
types of, 780

instability of, 1008
physical examination of, 946, 947, 948f
radiographic evaluation of, 952
rotary subluxation of, 957, 958f, 962–963, 1003, 1004f
synovitis of, 947, 948f

Scaphoid fat pad, 954
Scaphoid fat stripe sign, 965
Scaphoid shift maneuver, 946, 948–949, 949f, 981–982
Scapholunate advanced collapse (SLAC), 946, 982, 990, 1005–1007,  

1005f, 1006f
Scapholunate angle, 940, 940f, 981f, 982
Scapholunate dissociation, 979, 982, 1008
Scapholunate interosseous ligament, 962–963
Scapholunate joint

disruption of, 956
physical examination of, 946–947, 947f

Scapholunate ligament, 939
communicating defects of, 957
disruption of, 956
dorsal, 983

Scapholunate stability, 962
Scaphopisocapitate relationship, 954, 955f
Scaphotrapeziotrapezoid test, 946, 947–948, 948f
Scapula, as mandibular bone graft donor site, 419t
Scapular artery, circumflex, 605–606, 606f
Scapular winging, 889–890
Scars

actinic/seborrheic ketatosis-related, 5
brachioplasty-related, 540
breast surgery-related, 448, 455, 468
burn-related, 665–668, 665f, 666f, 669, 671, 672–673, 933
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Scars (Continued)
fetal wound-related, 45, 46, 47–48
hair transplantation-related, 125
hypertrophic, 6–7, 120–122
keloid, 7
optimal, 10
revision of, 11
tissue expansion-related, 25

Schirmer test, 432
Schwann cells, 880
Schwannoma, 257, 921–922, 922f
Scintigraphy, for complex regional pain syndrome  

evaluation, 753, 758f
Scleroderma, tattoo-related, 128–129
Sclerotherapy, 874
Screw fixation

of facial alloplastic implants, 566
of maxillary fractures, 318–319

Screws, bioabsorbable, 29
Scroll, 516
Sculptra, 582t
Sebaceous carcinoma, 110–111, 389–390
Sebaceous glands, on skin grafts, 677–678
Secondary intention, in wound healing, 4
Seizure disorders, Dupuytren’s disease associated with, 903
Self-examination, for skin cancer, 107
Sella, as cephalometric landmark, 188
Sensory changes, following skin graft innervation, 679
Sensory touch submodalities, recovery after nerve repair, 889
Septal deviation, after maxillary reconstruction, 255
Septocutaneous artery, as blood supply for flaps, 684, 684f, 685
Septocutaneous blood vessels, 688, 688f, 689
Septoplasty, 297, 517, 519f
Septorhinoplasty, secondary cleft, 158
Septum

collapse of, 337
fractures of, 296

in children, 297
hematoma of, 296–297

Seroma, ear reconstruction-related, 398
Serratus anterior muscle

use as flap, 698f, 718
use in chest wall reconstruction, 588

Serratus muscle, use as flap, 714, 715
Sertoli cell tumors, 471
“Sham” operations, 67
Shear, as skin graft failure cause, 679
Shear test, 983
Sheet grafts, for burn wounds, 646
Shock, electrical, 650
Short arc motion protocol, for extensor tendon rehabilitation, 930
Short face syndrome, 190
Shotgun wounds, 281, 416, 864b
Shoulder, brachial plexus palsy-related weakness of, 837
Shoulder fusion, 896
Shunts, ventriculoperitoneal, 241–242
“Siamese twins,” 268–270
Sickle cell disease, ulcers associated with, 33, 624
Sickle cell disease patients, 17
Signet ring sign, 982
Silicone

as breast implant material, 442–443, 445, 464
ethical use of, 67

for burn scar treatment, 669
disadvantages of, 30–31
gel sheeting, 121
physical properties of, 30
use in facial augmentation, 30, 564, 566
use in small joint arthroplasty, 811, 811f

Silicone elastomer arthroplasty, 810
Simonart’s band, 143, 152

Sinuses
ethmoidal.
see Ethmoidal sinus
frontal.
see Frontal sinus
maxillary.
see Maxillary sinus
paranasal.
see Paranasal sinus

Skeletal analysis, as cephalometric analysis component, 183
Skeletal expansion, 568–569

in genioplasty, 574
Skeletal modeling, 212

See also Osteogenesis, distraction
Skeletal overgrowth, hemangioma-related, 115
Skin

aging-related changes in, 481
antigenicity of, 725
artificial, 42, 646
epithelial appendages of, 677–678
excess interorbital, 236–237
expanded.
see Tissue expansion
glabrous, 788
of the hand, 739–748
laser resurfacing of, 554–560
nasal, 381–382, 382f
photodamage to, 579
premature aging of, 477, 482, 477
tissue-cultured, 682
vasoelastic biomechanical properties of, 363

Skin cancer.
See also Basal cell carcinoma; Melanoma; Squamous cell carcinoma
burn scar-related, 672–673
incidence of, 103
inherited conditions-associated, 104
Mohs’ surgery for, 108–113
self-examination for, 107
tattoo-related, 128–129

Skin flaps.
see Flaps

Skin grafts
for abdominal wall repair, 597
autologous, failure of, 679
in bacterial contaminated wounds, 35
for burn wounds, 646

in children, 781–782
classification of, 677
contraction of, 680, 680b
for decorticated outer table skull, 424
dermal overgrafting with, 681
donor sites of, 679, 680–681

dressings for, 680–681, 681t
dressings for, 680
as Dupuytren’s disease treatment, 906
expansion methods for, 680
for eyelid reconstruction, 391–392
for facial reconstruction, 724
failure of, 646
for fingertip injuries, 787
free dermal-fat, 682
full-thickness, 677, 677t, 679
healing of, 678
Meek island sandwich, 680
meshed, 646, 679–680
multiple, CPT coding for, 58
for nasal reconstruction, 382–383
for nipple-areola reconstruction, 468
pigmentation of, 680
pinch, 680
principles of, 677–683
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Skin grafts (Continued)
reinnervation of, 679
relay transplantation of, 680
revascularization of, 678–679
sheet, 646
for sickle cell ulcers, 33
split-thickness, 677, 677t, 679, 681

use in burn reconstruction, 7
stenting of, 42
survival of, 680
“take” of, 678–679
of uniform thickness, 788
vacuum-assisted closure of, 42, 42f
for venous leg ulcers, 619
as vitiligo treatment, 682

Skin lesions
pigmented, 918–919, 919f
removal of, 10–11

insurance reimbursement for, 57
Medicare coverage for, 58

Skin paddles, 699, 700, 718
Skin slough, 512–513
Skin stretching devices, 25
Skin substitutes, 42

engineered, 673
unilaminar and bilaminar, 682

Skin tags, 248, 253
Skin types, classification of, 550, 550t, 555, 555t
Skull

“cloverleaf,” 199–201, 201
copper-beaten appearance of, 284
decorticated outer table, 424
development of, 144, 145
fractures of, 333–334, 334f, 343
growth of, 137
measurement of.
see Cephalometrics
reconstruction of, 343–344
regions of, 197
spontaneous healing in, 204–205
“tower,” 199–201

Skull base
anatomic divisions of, 257–267
foramina of, 257, 257t
fractures of, 275

in children, 287
Skull base surgery, 257–267
Skull base tumors, 257–258

diagnosis of, 259
signs and symptoms of, 258
surgical treatment of, 265–267

closure and reconstruction in, 259, 263–265, 266f
team approach in, 259
transfacial approach in, 258–259, 258f, 260
transfrontal approach in, 259–261, 260f, 261f, 262f
transmaxillary approach in, 261–262, 263f, 264f
transpalatal approach in, 262–263
transparietal approach in, 264f

SLAC (scapholunate advanced collapse), 946, 982, 1005–1007, 1005f, 1006f
Slit vertical syndrome, 202f, 201–202
SMAS.

see Superficial musculoaponeurotic system
Smiling

asymmetric, post-rhytidectomy, 512
muscles responsible for, 501–502

Smoking
effect on fingertip graft survival, 790
as free flap failure cause, 714
as oral cancer risk factor, 410
reflex sympathetic dystrophy-exacerbating effect of, 927
as skin sloughing cause, 512–513

SNA, as cephalometric landmark, 188
SNB, as cephalometric landmark, 188
Sodium bicarbonate, as anesthesia additive, 18–19
Sodium hydroxide, as burn injury cause, 654
Sodium metal, as caustic burn cause, 655, 656t
Soft-tissue, panfacial fracture-associated loss of, 327
Soft-tissue coverage, of the hand, 838–844
Soft-tissue defects, following cancer excision, 23
Soft-tissue deficiency, treatment of, 255–256
Soft-tissue expansion.

see Tissue expansion
Soft-tissue fillers, 581–583, 582t
Soft-tissue injuries

electricity exposure-related, 649
to the wrist, 985

Soft-tissue reconstruction, mandibular, 417, 420f
Soft-tissue tumors, imaging evaluation of, 758–759, 758f
Soleus muscle, blood supply to, 702f, 702t
Space of Poirier, 979, 983
Spare parts surgery, 869
Spasticity

classification of, 871, 871t
in spinal cord injury patients, 626–627
treatment of, 714

Speech impairments, panfacial fracture-related, 328–329
Speech rehabilitation, of laryngectomy patients, 360
Spencer, Rowena, 270
Sphenoid body, 244
Sphenoid bone, 300
Spherical sliding principle, in mandibular osteosynthesis, 322
“Spilled teacup” sign, 979
Spina bifida, 609
Spinal accessory nerve palsy, 351
Spinal cord injury, spasticity associated with, 626–627
Spitz tumor, 96–97
Splanchnocranium, 197
Splinting

after metacarpophalangeal implant arthroplasty, 930–931, 930f
as carpal tunnel syndrome treatment, 932–933
of claw hand deformity, 932f
of Dupuytren’s contractures, 933
for hand rehabilitation, 741–742, 929, 929f, 930, 930–931, 930f
for joint motion, 934
Kleinert traction, 929, 929f
in median nerve injuries, 932
for occlusion maintenance, 570
orthodontic, for rigid external distraction, 226
in orthognathic procedures, 188–189
for panfacial fracture management, 328
in radial nerve injuries, 931
in ulnar nerve injuries, 931–932

Sponges, use in vacuum-assisted wound closure, 38, 39, 42–43
Sporotrichosis, 850
Squamous cell carcinoma, 106

Bowen’s disease as, 104
of the ear, 399
of the eyelids, 389–390
of the hand, 912f, 919
of the head and neck, 355–362
of the lip, 403
metastatic, 107, 919
recurrence of, 106–107, 111
of the skull base, 257
surgical treatment of, 110–111
of the tongue, 358, 411

Stainless steel, as alloplastic implant material, 29
Staircase technique, for lip reconstruction, 367
Stairstep deformity, 522
Stapedius reflex test, 432
Staphylococcus infections, 460, 530, 623, 849
Staples, 9
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“Steal phenomenon,” 872
Steatoblepharon, 487
Stein, Gertrude, 35
Stem cells, 74
Stener lesions, 804
Stengel, Casey, 62
Stensen’s duct.

see Parotid duct
Stenstrom technique, 528
Stenting

of nail injuries, 784
of skin grafts, 42

Stepladder technique, for lip reconstruction, 367, 367f
Sternal cleft, 590
Sternal wounds

infections of, 35, 588–589
vacuum-assisted closure of, 41, 41f, 43f

Sternocleidomastoid muscle, as branchial cyst location, 347–348
Sternotomy

median, 588, 589, 589f
sternal wound infections associated with, 588–589

Sternum
embryological formation of, 587–593
stabilization of, 588

Sternum turnover procedure, 593
Steroids

contraindication in burn victims, 644
effect on wound healing, 33

Stickler syndrome, 151–152
Strain, biomechanical, 214
Streptococcus infections, 33, 460, 530, 849
Stress

biomechanical, 214
effect on healing tendons, 814

Stress loading, 934–935
Stress-related hormones, 661
Stress relaxation, 363
Stretching devices, for skin, 25
Stretch marks (striae distensae), 5, 10
Struthers, arcade of, 889
Sturge-Weber syndrome, 116–118, 118t, 167
Suave-Kapandji procedure, 992
Subarachnoid space, inadvertent injection of anesthetic into, 763
Subclavian artery, nerve block-related puncture of, 763
Subclavian perivascular nerve block, 761, 762f, 763–764
Subclavius muscle, as axillary border, 459
Subcondylar fractures, 323–324
Sublingual fold, 409–410
Submandibular glands, excision of, 514
Subperiosteal approach, in nasolabial fold surgery, 501
Subscapular artery, thoracodorsal branch of, 371
Subscapularis muscle, as axillary border, 459
Substitution maneuvers, 953
Subungual lesions, pigmented, 785
Succinylcholine, use in burn victims, 19
Sugar, Oscar, 270
Sun exposure, as skin cancer risk factor, 103–104
Sunscreen, use prior to laser skin resurfacing, 558
Superficial fascial system, 526
Superficialis tendon, relationship to the profundus tendon, 747
Superficial musculoaponeurotic system

dissection of, for malar fat pad elevation, 500–501
in nasolabial fold surgery, 502–503, 502f
plication of, 504, 505f
preauricular tightening of, 512
relationship to

the facial nerve, 427–429
the mimetic muscles, 498

in rhytidectomy, 504–505, 505f, 506f, 507f, 509, 510, 512
use as flap, 505–506
use as nasolabial crease graft, 500

Superficial ulnar artery trap, 691–692
Superior oblique muscle, functions of, 301
Superior orbital fissure syndrome, 303
Superior orbital region, tumors of, 259
Supraclavicular injuries, 893
Supramicrosurgery, 709–710
Supraorbital artery, as scalp blood supply, 422
Supraorbital nerve

blocks of, 366
divisions of, 484
exit from skull, 15
in facial/scalp allotransplantation, 725
in forehead lifts, 562
regional block of, 15
as scalp innervation, 422

Suprascapular nerve, clinical significance of, 898
Supratarsal fold, 389, 491–492
Supratrochlear artery, as scalp blood supply, 422
Supratrochlear nerve

in forehead lifts, 562
regional block of, 15
as scalp innervation, 422

Surgical patients
immunonutrition in, 663
malnutrition in, 662
nutritional supplementation in, 662

Suture marks, 9–10
Sutures

absorbable, 9
barbed, 583
braided, 9
catgut, 9
classification of, 9
conchomastoidal, 528, 528f
continuous over-and-over, 9
cranial, 74, 144–145, 196, 238, 286

fusion of, 73
growth at, 197
metopic, 198–199
patency of, 196
synostotic, 197

in craniofacial syndromes, 239
Dexon, 5, 9
effect on wound healing, 5, 8
epitendinous, 819
Ethilon/nylon, 9
in facial rejuvenation, 583
for flexor tendon repair, 814–815, 815f, 818, 818f, 819
half-buried mattress, 8–9
horizontal mattress, 8
as incisional hernia cause, 540
inflammatory reaction to, 8, 9
intradermal continuous, 8
intradermal polyglactic acid, 5
Maxon, 9
Monocryl, 9
monofilament, 9
Mustardé (scaphoconcal), 528, 529f
natural, 9
nonabsorbable, 9
nylon, 5
patency of, 73–74, 196

assessment of, 284
percutaneous meloplication, 583
polydioxaone (PDS), 9
Prolene, 9
running, 9
simple interrupted, 8
subcuticular, 8
synthetic, 9
in umbilicus fixation, 535–537, 537f
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Sutures (Continued)
in vermilion border alignment, 402–403
vertical mattress, 8
Vicryl, 5, 9

Suturing techniques, for skin wounds, 8–9
Swan neck deformity, 753–754, 754t, 835, 900, 902, 990
Swanson, A.B., 794
Sweat glands

apocrine and eccrine, 678
in skin grafts, 677, 678

Sweating, gustatory, 350–351
Syinges, for Botox injections, 580
Symblepharon, 392
Sympathectomy, 926

preoperative evaluation for, 871–872
Sympathetically-independent pain syndrome, 924, 924t
Sympathetically-maintained pain syndrome, 924, 924t, 926,  

927, 1000–1001
Sympathetic nervous system, 925
Sympatholysis, temporary, 926
Symphalangism, 771
Symphyseal fractures, 323
Symphysis, 323
Synchondrosis, congenital carpal, 1007
Syndactyly, 242, 767–768, 768f, 776

fenestrated, 770
Syndrome, definition of, 238–239
Synkinesis, 432
Synostosis

bilateral coronal, 205–207, 239
functional, 197, 198f
metopic, 205
sagittal, 198, 205
unilateral coronal.
see Plagiocephaly

Synovectomy, 990, 992
Synovial cell sarcoma, 919–920
Synovial fluid analysis, in wrist rheumatoid arthritis, 989
Synovial system, of the hand, 740–741
Synovitis

pigmented villonodular.
see Giant cell tumors
of the scaphoid bone, 947, 948f

Synpolydactyly, 769
Syringomyelocele, 609

T
Tabes dorsalis, 622
Tacrolimus, effect on nerve regeneration, 733
Tailor-tacking, 456
Tannic acid, use in tattoo removal, 129b, 130
Tar, removal from injured body parts, 655
Tarsal tunnel syndrome, 612, 888, 890

anterior, 888
versus carpal tunnel syndrome, 888–890

Tarsal ulcers, 623
Tarsus

malignant tumors of, 390
vertical dimension of, 388

Tattoos, 128–132
eyelid/eyebrow liner, 128, 496–497
intradermal, use in nipple-areola reconstruction, 468–469
medical uses of, 132, 132b
traumatic, 131–132

Taxol, as neuropathy cause, 890–891
Tear film, 393
Tears, 352, 393
Tear trough deformities, 496
“Teenbock disease,” 973
Teeth.

see Dentition

Telangiectasia, 114
hereditary hemorrhagic, 117–119

Telecanthus, 276, 331–333, 332f
traumatic, 296

“Telephone ear” deformity, 529
Temporal bone, fractures of, 278
Temporal contour deformity, 334
Temporal (Gillies) approach, to the zygomatic arch, 312
Temporalis muscle

attachment to the zygoma, 309
contraction of, 353–354
use as flap, 413

Temporalis muscle transfers, 436
Temporomandibular joint

ankylosis of, 219–220
disorders of

mandibular fracture-related, 320
orthognathic surgery for, 187–188, 191

mandibular condyle positioning within, 219, 220f, 225, 254
normal motion of, 191

Tendinitis, of the flexor carpi radialis tendon, 953
Tendon(s)

antigenicity of, 725
rheumatoid arthritis-related rupture of, 991, 993
See also specific tendons

Tendon grafts, for the hand, 747–748
Tendon sheath irrigation, for acute flexor tenosynovitis, 847
Tendon transfers, 825–837

muscle activation after, 933
Tendovaginitis, 908
Tennis elbow, differentiated from radial tunnel syndrome, 888
Tennison-Randall method, of cleft lip repair, 146
Tenolysis, after flexor tendon repair, 818
Tenon’s capsule, 300
Tenosynovectomy, 901, 992
Tenosynovitis

de Quervain’s, 744, 887–888, 908–911, 952
Finkelstein test for, 752–753, 753f, 909, 909f
surgical release of, 908

flexor, 847–848, 847t
“purulent,” of the hand, 740
of the wrist, 990

Tensile strength, of wounds, 4
Tensile stress, 214
Tensor fascia lata muscle, blood supply to, 702f, 702t
Terathanasia, 117
Teratoma, 114
Teres major muscle, as axillary border, 459
“Terry Thomas” sign, 982, 995–997

pseudo, 777
Tertiary intention, in wound healing, 4
Tessier, Paul, 135, 245
Tessier classification system, of craniofacial clefts, 245–246, 245f, 246f
Testicular tumors, as gynecomastia cause, 471
Testosterone

as gynecomastia treatment, 471–472
role in genital development, 636

Tetraplegia, tendon transfers in, 835
Thenar space, 848–849
Thermal relaxation time, 554–555
Thigh, common coverage methods for, 610
Thigh lifts, 540, 547
Third-space fluid, effect on wound healing, 627
Thomas, Terry, 982, 995–997
Thompson procedure, 633
Thoracic nerve, long, compression of, 889–890
Thoracic outlet, anatomy of, 897
Thoracic outlet syndrome, 887, 897–898, 932
Thoracoacromial artery, pectoral branch of, 371
Thoracodorsal nerve, 459, 893–894
Thoracopagus, 268, 269f
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Thoracopagus parasiticus, 268
Thorax, triangular space of, 692–693, 693f
Thromboangiitis obliterans, 872
Thrombocytopenia, 114–115
Thrombocytopenia-absent radius (TAR) syndrome, 856
Thromboembolism, venous, 542, 548
Thumb

abduction restoration in, 836–837
adduction restoration in, 830–832, 831f, 832f, 837
amputation of, 858, 858f, 864
arthrodesis of, 806, 808f
avulsion injuries to, 865b
bilateral flexion deformities of, 772
congenital versus acquired deficiencies of, 855–856
duplications of, 769, 769f, 770
extensor tendon injuries to, 821
extensor zones of, 820, 820f
fusion of, in rheumatoid arthritis, 902
gamekeeper’s, 804
hypoplastic, 773
innervation of, 743
interphalangeal joint dislocations in, 803
interphalangeal joint extension in, 743
metacarpal fractures of, 800–801
opposition of, tendon transfers for, 827–828, 828f
reconstruction of, 855–859
rheumatoid arthritis-related deformities of, 990
skier’s, 804
in thenar space infections, 848–849
trigger deformity of, 772, 909
ulnar collateral ligament disruptions/ruptures of, 804

Thumb-in-palm deformity, 833, 834
“Thumb printing,” 198, 199f
Thyroglosssal duct, cysts of, 348
Thyroid artery, superior, 352
Thyroid cancer, 361–362

metastatic, 921
Thyroid nodules, 361
Tibia

injury to, 613
mid-region of, soft tissue coverage for, 610
proximal, soft tissue coverage for, 610

Tibial artery, posterior, branches of, 611
“Tic-tac-toe” classification system, for mutilating injuries of the hand, 861, 861f
Tinel’s sign, 434, 881
Tissue engineering/regeneration, 74
Tissue expanders, injection port removal from, 56
Tissue expansion, 21–27

for abdominal wall reconstruction, 603
for breast reconstruction, 464
in burn scar revision, 667–668, 667f
CPT coding for, 58
disadvantages of, 425
for ear reconstruction, 397
expander filling in, 24, 25
failure of, 24
for forehead reconstruction, 377–378
for hand reconstruction, 843
at home, 25
for nasal reconstruction, 385–386
for scalp reconstruction, 425
use in conjoined twin separation, 271

Titanium, as alloplastic implant material, 29, 811f
Titanium fixation, long-term risks of, 336–337, 337f
“Toaster head,” 198
Toes

anomalies of, 242
as composite grafts, in nipple reconstruction, 466
great

role in gait, 858
use in thumb reconstruction, 717

use in thumb reconstruction, 717

Toe-to-thumb transfers, for thumb reconstruction, 855, 856, 858–859
Tongue

anatomy of, 409f, 410f
cancer of, 351, 358–359
lymphatic drainage of, 358
reconstruction of, 411, 413, 414, 415
squamous cell carcinoma of, 411

Torriculli, Evangelista, 38
Torticollis, 204
Total parenteral nutrition, versus enteral nutrition, 662
Tourniquets, 743
Trabecular (Merkel cell) carcinoma, 105, 110–112
Tracheostomy, 276, 329
Tracheostomy-dependent patients, mandibular distraction in, 220
Traction test, 898
TRAM.

see Transverse rectus abdominis musculocutaneous (TRAM) flap
Transferrin, 662
Transforming growth factor, in wound healing, 3
Transforming growth factor-beta, 74, 121
Transforming growth factor-beta-1, 47, 48t, 214–215
Transforming growth factor-beta-2, 47, 48t
Transport distraction, 222–224
Transverse cervical artery, 371
Transverse rectus abdominis musculocutaneous (TRAM) flap, 57, 462–463, 

597, 686t
as herniation cause, 603
use in breast reconstruction, 462–463

Transverse retinacular ligament of Landsmeer, 746–747
Trapeziometacarpal joint, 952
Trapezium bone, fractures of, 967
Trapezius muscle

blood supply to, 702f, 702t
functional anatomy of, 606
use as flap, 607f, 607t, 609, 698f

Trapezoid bone, fractures of, 967, 970–971
Trastuzumab, 460
Trauma

to the abdominal wall, 596
as craniofacial defect cause, 340
nasal, examination of, 296
nutritional supplementation after, 662

Treacher-Collins syndrome, 243t, 248, 249, 352, 397
Trenchfoot, 657–660
Treponema pallidum, tattoos as risk factor for, 128
Tretinoin, 579
Triamcinolone (Kenalog), as keloid treatment, 121
Triangular fibrocartilage complex, 984f

anatomy of, 942, 943f
physical examination of, 950
tears and injuries of, 950, 984–986
vascular anatomy of, 985

Triangular space, 606, 692, 693, 693f, 717
Trichiasis, 392
Trichloroacetic acid, use as chemical peel agent, 549–550, 549b, 551, 552
Trigeminal nerve

as dentition innervation, 166
facial fracture-related numbness of, 275–276
in facial/scalp allotransplantation, 725
mandibular branch of, 141
motor function of, 353
as nasal innervation, 295
origin site of, 427

Trigger finger, 772, 905, 908, 909–911, 910f
Trigonocephaly, 136f

posterior, 239
Triquetral impingement ligament tear, 950–951
Triquetrum bone, 984, 984f

biomechanics of, 962
fractures of, 967, 970

Trismus, 15, 309, 320
Trochlea, dislocation of, 330
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Trunk
posterior, reconstruction of, 605–609
tumor recurrence on, 111
tumors of, 112

Tumor-node-metastasis (TNM) classification, of oral cancer,  
411, 411t

Tumors, 912–923
of the abdominal wall, 596–597
alloplastic implant-related, 28–29
definition of, 912–922
as leg ulcer cause, 616b
recurrence rates of, 111
of the skull base, 257–258
vascular, 114

Turbinectomy, after maxillary reconstruction, 255
D-Turbocurarine, 16
Turner syndrome, 117, 167
Turricephaly, 199–201
Twins, conjoined, 268–271
Two-jaw surgery, 192, 193
Two-point discrimination test, 749, 776
Tyndall effect, 583

U
Ulcers

decubitus.
see Ulcers, pressure
lower-extremity, 616–625

in diabetic patients, 5, 612, 621–622, 887
hindfoot, 623
plantar forefoot, 622–623
plantar midfoot, 623
prevention of, 623
sickle cell disease-related, 624
venous, 617–620

Marjolin’s, 672–673
pressure, 6, 33–34, 626–629

débridement of, 59
trochanteric, 17

sickle cell, 33
varicose, 618

Ulna bone
anatomy of, 1003f
dorsal prominence of, 991

Ulnar artery
anastomotic connection of, 743
isolated injuries to, 854
patency evaluation of (Allen’s test), 691, 743, 751

Ulnar collateral ligament, disruptions and ruptures of,  
804, 804f

Ulnar deviation deformity, 756
Ulnar head, reconstruction of, 992
Ulnar mutilation injuries, to the hand, 863–864, 864b
Ulnar nerve, 887, 893–894

compression of, 890
in crossover innervation, 743
decompression of, 891
as dorsal interosseous muscle innervation, 742–743
function testing of, 885t
injuries to, 830

splinting of, 931–932
location of, 743
palsy of, 749–750, 830, 831f, 832

combined with median nerve palsy, 832–833, 833f
tendon transfers in, 829f

as thumb innervation, 743
in thumb interphalangeal joint extension, 743

Ulnar nerve block, 764–765
Ulnar nerve grafts, 852
Ulnar snuffbox.

see Anatomic snuffbox
Ulnar styloid process, fractures of, 956

Ulnar variance
definition of, 972, 985
effect of forearm rotation on, 940–941
in Kienböck’s disease, 972, 974f, 976, 978
measurements of, 954
in triangular fibrocartilage complex injuries, 985–986

Ulnar wrist pain, 949–951
Ulnocarpal joint, force or load transmission through, 939
Ultrasonography

for cervicocephalic cystic anomaly evaluation, 117
prenatal, 253
for tendon evaluation, 758
use in liposuction, 538, 540

as breast reduction technique, 448
as gynecomastia treatment, 472–473, 540

for vascular malformation evaluation, 114
Ultraviolet radiation, as oral cancer risk factor, 410
Umbilicus, placement of, 535–537, 537f
Unconscious patients, flexor tendon examination in, 776–782
Uncooperative patients, flexor tendon examination in, 776–782
Undermining, 59

in nasolabial fold surgery, 501
Unna boots, 33, 619
Upper extremity.

compartment syndromes of, 887–891
embolism of, 872
nerve compression syndromes of, 887–891
regional anesthesia for, 19
rheumatoid arthritis of, 900
vascular disorders of, 871–875
venous anatomy of, 838
See also Fingers; Hand

Upper limb tension tests, 933
Upper motor neuron lesions, 431
Urea, use in tattoo removal, 129b
Urethra

anatomic divisions of, 638
reconstruction of, 638
stricture of, 637, 638

Urine culture tests, 33
Urticaria, cold, 657
Uvula, bifid, 143, 151

V
Vacuum-assisted closure (VAC), of wounds, 38–44

of chronic leg ulcers, 624–625
complications of, 40
contraindications to, 39–40
indications for, 39
of pressure ulcers, 627
of skin grafts, 679, 680
use in the lower extremity, 612

Vagina, construction of, 639
Van der Woude syndrome, 151–152, 243t
Varicose ulcers, 618
Varicose veins, 618
Varicose vein stripping, 619
Vascular anomalies, leptomeningeal, 116–117
Vascular disease, as leg ulcer cause, 616b
Vascular disorders, of the upper extremity, 871–875
Vascular endothelial growth factor, 73, 872

in distraction osteogenesis, 214–215
Vascular malformations, 114–119, 921, 921f

biologic classification of, 114, 115t
differentiated from hemangiomas, 773, 872
of the hand, 781

Vascular syndromes, eponymous, 118t
Vasculitis, as leg ulcer cause, 616b
Vasculogenesis, 74–75
Vastus lateralis muscle

blood supply to, 628
use as flap, 698f, 707–708
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VATER association, 768, 856
Vaughan-Jackson syndrome, 901, 991
Vein grafts, 713
Veins, perforator, 706
Velocardiofacial insufficiency, 242
Velocardiofacial syndrome, 151–152, 163, 242
Velopharyngeal closure, 152–153, 153f, 195
Velopharyngeal incompetence, 155–156
Velopharyngeal insufficiency, 159–163, 161f, 162f
Veloplasty, intravelar, 153
Venae comitantes, 618
Venipuncture, in lymphedematous extremities, 635
Venous congestion, in perforator flaps, 707
Venous disorders, primary differentiated from secondary, 618
Venous insufficiency, as replant failure cause, 852–853
Venous malformations, 874

inheritable, 118
Vermilion border

alignment of, 402–403
deficiency of, 158
lesion management adjacent to, 402
reconstruction of, 369f, 403–404, 405f
significance of, 401

Vermilionectomy, total, 404
Vermilion-white roll junction deformities, 157
Vertebral anomalies, 249
Vertebral artery, inadvertent injection of anesthetic into, 763
Vibrio vulnificus, 849
Vicryl sutures, 9
Virchow, Rudolf, 239
Virchow’s law, 197
Virtues, 62
Viscerocranium, 144, 197
Vision loss

blunt facial trauma-related, 319
panfacial fracture-related, 328–329

VISI (volar flexion intercalated segmental instability deformity), 963, 981
Vitallium, as alloplastic implant materials, 29
Vitamin A, effect on wound healing, 5
Vitamin C, effect on wound healing, 5
Vitamin C deficiency (scurvy), effect on wound healing, 33
Vitamin deficiencies, effect on wound healing, 6
Vitiligo, skin graft treatment for, 682
Volar flexion intercalated segmental instability deformity (VISI), 963, 981
Vomiting, during anesthesia induction, 17
Von Langenbeck method, for cleft lip/palate repair, 148
Von Recklinghausen disease, 922
V wedge resections, of the lip, 403
V-Y advancement technique, 12–13, 13f
V-Y method, of cleft lip repair, 148

W
Wake Forest classification system, of occlusive/spastic  

disease, 871, 871t
Wallerian degeneration, 881, 896–897
Wall outlets, voltage of, 648, 649
Wardill-Kilner-Veau operation, 155, 155f
Wardill-Kilner V-Y method, of cleft lip repair, 148
Wartenberg’s sign, 749–750, 832
Water irrigation

as chemical burn treatment, 656t
contraindication as chemical burn treatment, 655

Watson test, 981–982
Web spaces, 767–768

lipoma of, 758f
release of, 774

Wedge resections, 494
Weight loss, body contouring after, 542–548
Werner’s syndrome, 482
“Wet leather” sign, 952
Wetting solutions, in liposuction, 538–539, 539t

Whirlpool treatment, 934
Whistle deformity, of the lip, 404f
White phosphorus, as burn cause, 655
Whitlow, herpetic, 846
Whitnal’s ligament, 496
“Witch’s chin” deformity, 507, 577–578, 1002
Wounds

in children, 35
chronic, 6
clean, 35–36, 36f
closure and repair of, 4, 5, 8–14

first intention/primary closure, 33
of ischemic wounds, 33
second intention/secondary closure, 33
third intention/tertiary closure, 33
vacuum-assisted, 5–6, 25, 35

contaminated, 33, 34f, 35–36, 36f
with river or seawater, 849

contraction of, 4
in the fetus, 47

fetal, 7, 47
healing of, 3–7, 75, 121

effect of aging on, 647
effect of host factors on, 662
effect of malnutrition on, 662
effect of oxygen tension on, 663
effect of sutures on, 8
effect of third-space fluid on, 627
fetal/adult comparison of, 47, 48t
in the fetus, 45–49
goal of, 33
immobilization in, 9
vacuum-assisted (VAC) closure for, 38–44

ischemia of, 6
open, nerve injuries associated with, 882
partial-thickness, 4–5
problematic, 33–37
strength of, 8
surgical, 5
traumatic, 34–35
venous, 33

W-plasty, 12, 365, 403, 404f
Wright’s test, 898
Wrinkle lines, 10
Wrist.

anatomy of, 937–943
arc injuries to, 978
arthritis of, 969
arthrodesis of, 930, 1000–1007
biomechanics of, 959–961
blood supply of, 940f
center of rotation of, 940–941
dorsal capsular ligaments of, 941–942
dorsal extensor compartments of, 744, 744f, 820–821, 821f, 907, 907f, 

908f, 909f
dorsal ganglia of, 980
flexion/ulnar deviation of, 833, 834
gymnast’s, 963
instability of, 930, 955, 957, 966, 967f
pain in

extraarticular causes of, 950–951
ulnar-sided, 947–949, 982–985

pediatric, 962–964
physical examination of, 944–951
radiographic examination of, 952–958
range of motion of, 944, 1000
rheumatoid arthritis of, 900, 986–991
SLAC (scapholunate advanced collapse), 944, 980, 988, 1003–1005, 

1003f, 1004f
spaghetti, 743
See also Carpal bones
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Wrist nerve blocks, 764–765
Wuchereria bancrofti, as lymphedema cause, 631

X
Xanthelasma, 480
Xenografts, 677

versus allografts, 681, 681t
Xeroderma pigmentosa, 104
X-rays

Brewerton’s view in, 755
for facial trauma evaluation, 282
for frontal sinus fracture evaluation, 291–292, 292f
for nasal fracture evaluation, 282–285
for panfacial fracture evaluation, 326
Panorex views

of mandibular fractures, 320
of panfacial fractures, 326

prior to genioplasty, 285
Xylocaine, 16

in combination with bupivacaine (Marcaine), 19

Y
Young’s modulus of elasticity, 214
Y-V advancement technique, 12f
Y-V flaps, 58–59

Z
Zancolli lasso procedure, 830f
Zinc, effect on wound healing, 5
Zinn, annulus of, 300–301
Zona pellucida, 151
“Zone of compression,” 322–323
“Zone of tension,” 322–323
Z-plasty, 11–12, 11f, 365

for burn scar release, 667f
design of, 365t

double-opposing, 12
four-flap, 12
indications for, 365
for lip reconstruction, 403–404, 404f
multiple, 12
for thumb hypoplasia, 856

Zyderm, 582t
Zygoma, 299

anatomy of, 308–315, 308f
fractures of, 57, 275–276, 280, 301, 301f, 308–315

complex, 308–309
displaced, 311f, 312
malunion of, 314

hypoplasia of, 253
incisonal approaches to, 312, 312f, 313f, 314
as muscle attachment site, 309

Zygomatic arch
absence of, 249
fractures of, 310f, 343
plating of, 314
surgical approach to, 312–314, 312f
temporal (Gillies) approach to, 312

Zygomatic ligament, 513
as facial tissue support, 478, 478f, 498–499, 505

Zygomaticomaxillary buttress
anatomy of, 308
surgical access to, 312

Zygomaticomaxillary complex/compound fractures, 308, 309f, 314–315
Zygomaticoorbital fractures, 301
Zygomaticotemporal nerve, as scalp innervation, 422
Zygomaticus major muscle, in malar fat pad reconstruction,  

500–501
Zygomaticus muscle, 402

attachment to the zygoma, 309
rhytidectomy-related denervation of, 512

Zyplast, 582t
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	12. How many rhomboid flaps are most commonly used for closure of a hexagonaldefect?
	13. What are the angles used for a Dufourmental flap?
	14. What are the major indications for performing a Z-plasty?
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	18. Describe the fallacy of the length-to-width ratio in designing skin flaps in the headand neck.

	Forehead
	19. Much of the forehead can be anesthetized by infiltration of local agents aroundwhich nerves?
	20. The key concept in forehead reconstruction is a firm knowledge of which structures?
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