Preface to the Fifth Edition
List of Editors

List of Contributors
Acknowledgments
Dedication

Xxvii
XXviii
XXX

l
li

.
Volume One: Principles
edited by Geoffrey C. Gurtner and Andre L. Pusic

1

10

11

12

13

14

15

16

Plastic surgery and innovaticn in riiedicine
Peter C. Neligan

History of reconstructive and aestiictz surgery
Riccardo F. Mazzola and Isabella C. Mazz&la

Applying psychology to routine plastic st gery
practice

Nichola Rumsey and Alex Clarke

The role of ethics in plastic surgery and
medico-legal issues in plastic surgery

Michele A. Manahan and B. Aviva Preminger

Business principles for plastic surgeons
C. Scott Hultman

Value-based healthcare

Justin M. Broyles, Clifford C. Sheckter, and
Anaeze C. Offodile 2nd

Digital photography in plastic surgery
Daniel Z. Liu

Pre- and intra-operative imaging for plastic
surgery

Arash Momeni and Lawrence Cai

Patient safety in plastic surgery
Jessica Erdmann-Sager and Christopher J. Pannucci

Anesthesia and pain management in

plastic surgery
Paul N. Afrooz and Franklyn P Cladis

Evidence-based medicine and health services
research in plastic surgery

Sophocles H. Voineskos, Lucas Gallo,

Andrea L. Pusic, and Achilleas Thoma

Patient-reported outcomes in plastic surgery
Sophocles H. Voineskos, Danny Young-Afat, Madelijn
Gregorowitsch, Jonas A. Nelson, Anne F. Klassen,
and Andrea L. Pusic

Health services research in plastic surgery
Jacqueline N. Byrd and Kevin C. Chung

Principles of cancer management
Stav Brown and Babak J. Mehrara

Wound healing
Kristo Nuutila, David E. Varon, and Indranil Sinha

Scar prevention, treatment, and revision
Michelle F. Griffin, Evan Fahy, Michael S. Hu,
Flizabeth R. Zielins, Michael T. Longaker, and
H. Peter Lorenz

24

83

94

101

115

135

146

153

163

186

17

18

19

20

21

22

23

24

25

26

27

30

31

32

33

34

35

36

37

@ Contents

Skin grafting

Shawn Loder, Benjamin Levi, and Audra Clark
Tissue engineering

Ramin Shayan and Karl-Anton Harms

Repair, grafting, and engineering of cartilage
Wei Liu, Guangdong Zhou, and Yilin Cao

Repair and grafting of bone

Iris A. Seitz, Chad M. Teven, Bryce Hendren-Santiago,
and Russell R. Reid

Repair and grafting of peripheral nerve

Hollie A. Power, Kirsty Usher Boyd, Stahs Pripotnev,
and Susan E. Mackinnon

Repair and grafting fat and adipose tissue

J. Peter Rubin

Vascular territories

Steven F. Morris and G. lan Taylor

Flap physiology, classification, and
applications

Joon Pio Hong and Peter C. Neligan

Principles and techniques of

microvascular surgery

Fu-Chan Wei, Sherilyn Keng Lin Tay, and Nidal F. Al Deek
Tissue expansion and implants

Britta A. Kuehlmann, Eva Brix, and Lukas M. Prantl
Principles of radiation therapy

Stephanie K. Schaub, Joseph Tsai, and

Gabrielle M. Kane

Lvmphedema: pathophysiology and

pesic science

Stav Brown, Michelle Coriddi, and Babak J. Mehrara
Ber:an and malignant nonmelanocytic
wimers of the skin and soft tissue

Rel Qgtwa

Mielanzina

SydneyZnriv and Alexander H.R. Varey
Implaniws'and biomaterials

Dharshan Sivaraj, Dominic Henn, Timothy W. King,
and Kellen Chen

Transplantation in plastic surgery

Yannick F. Diehm, Valentin Haug, Martin
Kauke-Navarro, and Bohdan Pomahac
Technology innovation in plastic surgery:

a practical guide for the surgeon innovator
David Perrault, Leila Jazayeri, and Geoffrey C. Guriner
Robotics in plastic surgery

Karim A. Sarhane and Jesse C. Selber

Digital technology in plastic surgery

Lynn Jeffers, Hatem Abou-Sayed, and Haley M. Jeffers
Aesthetic improvement through noninvasive
technologies

Stelios C. Wilson and Charles H. Thorne

Education and teaching in plastic surgery
Lydia Helliwell and Johanna N. Riesel

206

220

235

265

295

309

321

346

414

442

452

472

490

521

544

555

568

582

594

613

619



vi

Contents

38 Global plastic surgery

Johanna N. Riesel, Peter Nthumba, George Ho,
and Amanda Gosman

39 Gender-affirming surgery

Index

Shane D. Morrison, William M. Kuzon Jr., and Jens U. Berli

625

634

652

edited by J. Peter Rubin and Alan Matarasso

1 Managing the aesthetic surgery patient
Michelle B. Locke and Foad Nahai

2 Principles of practice management and social

media for cosmetic surgery
Ashley N. Amalfi, Josef G. Hadeed, and S'nita R.
Ramanadham

Section I: Aesthetic Anesthesia Techniques

3 Essential elements of patient safety i*i 225thetic

plastic surgery
Jeremy T Joseph, Gabriele C. Miotto, Feligont fz
Faves lll, and Galen Perdikis

4 Pain management in plastic surgery
Anna R. Schoenbrunner and Jeffrey E. Janis

5 Anatomic blocks of the face and neck
Stelios C. Wilson and Barry Zide

6 Local anesthesia
Malcolm D. Paul

Section II: Aesthetic Surgery of the Face

8.

8.

9.
9.
9.

7 Non-surgical skin care and rejuvenation
Zoe Diana Draelos

1 Editors’ perspective: injectables and
non-surgical resurfacing techniques
J. Peter Rubin

2 Injectables and resurfacing techniques:

Soft-tissue fillers
Kavita Mariwalla

.3 Injectables and resurfacing techniques:

Botulinum toxin/neurotoxins
Rawaa Almukhtar and Sabrina G. Fabi

4 Injectables and resurfacing techniques:

Lasers in aesthetic surgery

Jonathan Cook, David M. Turer, Barry E. DiBernardo,

and Jason N. Pozner

.5 Injectables and resurfacing techniques:

Chemical peels
Richard H. Bensimon and Peter P Rullan

.6 Minimally invasive multimodal facial

rejuvenation
Luiz S. Toledo

.1 Editors’ perspective: surgical facial

rejuvenation
Alan Matarasso

2 Facial anatomy and aging
Bryan Mendelson and Chin-Ho Wong

3 Principles and surgical approaches of facelift

Richard J. Warren

4 Facelift: Facial rejuvenation with loop sutures:

the MACS lift and its derivatives
Patrick Tonnard, Alexis Verpaele, and Roterm Tzur

a7

53

54

73

84

96

118

130

131

149

180

9.5

9.6

9.7

9.8

9.9

9.10

9.11

9.12

913

9.14

10

11

14

15

16

17

18

19

20

21

22

23

24

Facelift: Platysma-SMAS plication

Miles G. Berry, James D. Frame lll, and Dai M. Davies

Facelift: Lateral SMASectomy facelift
Daniel C. Baker and Steven M. Levine
Facelift: The extended SMAS technique in

facial rejuvenation
James M. Stuzin

High SMAS facelift: combined single flap

lifting of the jawline, cheek, and midface
Timothy Marten and Dino Elyassnia

The lift-and-fill facelift
Stav Brown, Justin L. Bellamy, and Rod J. Rohrich

Neck rejuvenation
James E. Zins and Jacob Grow

Male facelift
Timothy Marten and Dino Elyassnia

Secondary facelift irregularities and the
secondary facelift

Timothy Marten and Dino Elyassnia

Perioral rejuvenation, including chin and
genioplasty

Ali Totonchi and Bahman Guyuron

Facial feminization

Patrick R. Keller, Matthew Louis, and Devin Coon

Editors’ perspective: brow and eye
Alan Matarasso

Forehead rejuvenation
Richard Warren

Endoscopic brow lift
Renato Saliz and Eric W. Anderson

Rlepharoplasty
Wlius,Few Jr., and Marco Ellis

5econdary blepharoplasty

Saili Z. Aschen and Henry M. Spinelli
Asiaracial cosmetic surgery

Vet Wab Choi, Tae Suk Oh, Hong Lim Choi, and
Clyae ish

Faciaifat-grafing

Francescosvi, Bgro, Sydney R. Coleman, and

J. PetenRthin

Editors’ perspective: nose
Alan Matarasso

Nasal analysis and anatomy
Rod J. Rohrich and Paul N. Afrooz

Open technique rhinoplasty
Rod J. Rohrich and Paul N. Afrooz

Closed technique rhinoplasty
Mark B. Constantian

Airway issues and the deviated nose
Ali Totonchi, Bryan Armijo, and Bahman Guyuron

Secondary rhinoplasty
David M. Kahn, Danielle H. Rochlin, and
Ronald P Gruber

Otoplasty and ear reduction
Charles H. Thorne

Hair restoration
Alfonso Barrera and Victor Zhu

203

212

219

236

282

301

319

345

390

404

424

425

441

453

484

513

559

567

568

581

607

647

662

681

690



Section lIl: General Aesthetic Surgery

25.1

25.2

25.3

26
27

28

29

30

31

32

33

34

35.1

35.2

35.3

36

37

38

39

40

Index

Editors’ perspective: liposuction

J. Peter Rubin

Liposuction: a comprehensive review of
techniques and safety

Glanfranco Frojo, Jayne Coleman, and Jeffrey Kenkel
Correction of liposuction deformities with the
SAFE liposuction technique

Simeon H. Wall Jr. and Paul N. Afrooz

Editors’ perspective: abdominal contouring
Alan Matarasso

Abdominoplasty
Alan Matarasso

Lipoabdominoplasty with anatomical definition:

a new concept in abdominal aesinetic surgery
Osvaldo Ribeiro Saldanha, Andres F."Cavichica Cano,
Taisa Szolomicki, Osvaldo Saldanha 70, &hd
Cristianna Bonetto Saldanha

Editors’ perspective: truncal coniourny
J. Peter Rubin

Bra-line back lift
Joseph Hunstad and Saad A. Alsubaie

Belt lipectomy

Amitabh Singh and Al S. Aly

Circumferential approaches to truncal
contouring in massive weight loss patients:
the lower lipo-bodylift

Dirk F. Richter and Nina Schwaiger
Circumferential approaches to truncal
contouring: autologous buttocks
augmentation with purse-string gluteoplasty
Joseph R Hunstad and Nicholas A. Flugstad
Circumferential approaches to truncal
contouring: lower bodylift with autologous
gluteal flaps for augmentation and
preservation of gluteal contour

Robert F. Centeno and Jazmina M. Gonzalez

Editors’ perspective: buttock augmentations
J. Peter Rubin

Buttock augmentation with implants
Jose Abel De la Peha Salcedo, Jocelyn Celeste
Ledezma Rodriguez, and David Gonzalez Sosa

Buttock shaping with fat grafting and
liposuction

Constantino G. Mendieta, Thomas L. Roberts I,
and Terrence W. Bruner

Upper limb contouring
Margaret Luthringer, Nikita O. Shulzhenko, and
Joseph F. Capella

Medial thigh
Samantha G. Maliha and Jeffrey Gusenoff

Post-bariatric reconstruction
Jonathan W. Toy and J. Peter Rubin

Energy devices in aesthetic surgery
David Turer, Jonathan Cook, Jason Pozner, and
Barry DiBernardo

Aesthetic genital surgery
Gary J. Alter

700

701

723

731

732

775

785

786

792

834

841

854

855

869

878

891

898

919

926

951

Contents Vii

|
Volume Three: Craniofacial, Head and Neck Surgery
and Pediatric Surgery

Part 1: Craniofacial, Head and Neck Surgery: edited by
Richard A. Hopper

1 Management of craniomaxillofacial fractures 2
Srinivas M. Susarla, Russell E. Ettinger, and
Paul N. Manson

2 Scalp and forehead reconstruction 39
Alexander . Mericli and Jesse C. Selber

3 Aesthetic nasal reconstruction 52
Frederick J. Menick

4 Auricular construction 110

Dale J. Podolsky, Leila Kasrai, and David M. Fisher

5 Secondary treatment of acquired cranio-orbital

deformities 138
Allan B. Billig and Oleh M. Antonyshyn

6.1 Computerized surgical planning: introduction 155
Richard A. Hopper

6.2 Three-dimensional virtual planning in
orthognathic surgery 157
Pradip R. Shetye and Srinivas M. Susarla

6.3 Computerized surgical planning in head and
neck reconstruction 173

Maureen Beederman, Adam S. Jacobson, David L. Hirsch,
and Jamie R Levine

7 Introduction to post-oncologic reconstruction 188
Zoe P Berman and Eduardo D. Rodriguez

8 Overview of head and neck soft-tissue and
bony tumors 190
Sydney Ch'ng, Edwin Morrison, Pratik Rastogi, and
Yu-Ray Chen

0 ~ast-oncologic midface reconstruction: the
*iemorial Sloan-Kettering Cancer Center and

MD Anderson Cancer Center approaches 217
\Githe v M. Hanasono and Peter G. Cordeiro

10 \Localiaps for facial coverage 229
Nictolas 20 and John Brian Boyd

11 Liprecsuisicuction 256

Juliai JSPrsaz and Mitchell Buller

12 Oral cavity, tongue, and mandibular
reconstructions 275
Ming-Huei Cheng

13 Hypopharyngeal, esophageal, and neck

reconstruction 302
Min-Jeong Cho and Peirong Yu

14 Secondary facial reconstruction 336
Afaaf Shakir and Lawrence J. Gottlieb

15 Facial paralysis 359

Simeon C. Daeschler, Ronald M. Zuker, and
Gregory H. Borschel

16 Surgical management of facial pain, including

migraines 390
Anna Schoenbrunner and Jeffrey E. Janis
17 Facial feminization 400

Luis Capitan, Daniel Simon, and Fermin
Capitan-Canadas



viii Contents

Part 2: Pediatric Surgery: edited by Joseph E. Losee

18 Embryology of the craniofacial complex
Jingtao Li and Jill A. Helms

Section I: Clefts
19.1 Unilateral cleft lip: introduction
Joseph E. Losee and Michael R. Bykowski

Rotation advancement cheiloplasty
Philio Kuo-Ting Chen and Lucia Pannuto

Extended Mohler repair
Roberto L. Flores

Anatomic subunit approximation approach to
unilateral cleft lip repair
Raymond W. Tse and David M. Fisher

20 Repair of bilateral cleft lip
John B. Mulliken and Daniel M. Balkin

Cleft palate: introduction
Michael R. Bykowski and Joseph E. Lesee

Straight line repair with intravelar veloziasot
(IVVP)
Brian Sommerlad

Double opposing Z-palatoplasty
Jordan N. Halsey and Richard E. Kirschner

Buccal myomucosal flap palate repair
Robert Joseph Mann

The buccal fat pad flap
James D. Vargo and Steven R. Buchman

Oral fistula closure
Mirko S. Gilardino, Sabrina Cugno, and Abdulaziz
Alabdulkarim

Alveolar clefts

Katelyn Kondra, Eloise Stanton, Christian Jimenez,
Erik M. Wolfswinkel, Stephen Yen, Mark Urata, and
Jeffrey Hammoudeh

Orthodontics in cleft lip and palate
management

Alvaro A. Figueroa, Alexander L. Figueroa, Gerson R.
Chinchilla, and Marta Alvarado

Velopharyngeal dysfunction
Richard E. Kirschner, Hannah J. Bergman, and
Adriane L. Baylis

Secondary deformities of the cleft lip, nose,
and palate

Han Zhuang Beh, Rami P Dibbs, Andrew M. Ferry,
Robert . Dempsey, Edward P Buchanan, and
Larry H. Hollier Jr.

21.11 Cleft and craniofacial orthognathic surgery
Stephen B. Baker, Brian L. Chang, and Anusha Singh

Section IlI: Craniofacial
22 Pediatric facial fractures
John T. Smetona, Jesse A. Goldstein, Michael R.
Bykowski, and Joseph E. Losee

23 Orbital hypertelorism
Eric Amaud, Giovanna Paternoster, Roman Khonsari,
Samer E. Haber, and Syril James

24 Craniofacial clefts
James R Bradley and Henry K. Kawamoto Jr.

25.1 Craniosynostosis: introduction
Christopher R. Forrest and Johanna N. Riesel

19.2

19.3

19.4

211

21.2

213

214

215

21.6

1.7

21.8

219

21.10

442

451

456

488

499

519

538

583

592

618

636

661

708

726

747

775

25.2

25.3

25.4

26

27

28

29

Nonsyndromic craniosynostosis 808

Sameer Shakir and Jesse A. Taylor

Multisutural syndromic synostosis
Richard A. Hopper and Benjamin B. Massenburg

Neurosurgical and developmental issues in

craniosynostosis
Alexandra Junn, John T. Smetona, Michael Alperovich,
and John A. Persing

Craniofacial microsomia
Craig B. Birgfeld and Scott P Bartlett

Idiopathic progressive hemifacial atrophy
Peter J. Taub, Kathryn S. Torok, Daniel H. Glaser, and
Lindsay A. Schuster

Robin sequence
Sofia Aronson, Chad A. Purnell, and Arun K. Gosain

Treacher Collins syndrome
Irene Mathijssen

827

849

859

887

902

923

Section IlI: Pediatrics

30

31

32

33

34

INCex

Congenital melanocytic nevi 935

Sara R. Dickie, Neta Adler, and Bruce S. Bauer

Vascular anomalies
Arin K. Greene and John B. Mulliken

Pediatric chest and trunk deformities
Han Zhuang Beh, Andrew M. Ferry, Rami P
Dibbs, Edward F Buchanan, and Laura A. Monson

Pediatric tumors
Matthew R. Greives, George Washington, Sahil Kapur,
and Michael Bentz

Conjoined twins
Anna R. Carlson, Gregory G. Heuer, and
Jesse A. Taylor

952

974

988

1001

1011

-\t |

Volvme Four: Lower Extremity, Trunk and Burns
editea \b:/oavi | H. Song and Joon Pio Hong

1

2

Camprehensive lower extremity anatomy 1
Rajiv FRasin amd Grant M. Kleiber
Manageinent of lower extremity trauma 52

Hyunsuk F&Er Suh

Section I: Lower Extremity Surgery

3.1

3.2

3.3

3.4

3.5

3.6

Lymphedema: introduction and editors’
perspective 76
Joon Pio Hong and David H. Song

Imaging modalities for diagnosis and treatment

of lymphedema 78
Balazs Mohos and Chieh-Han John Tzou
Lymphaticovenular bypass 92
Wei F. Chen, Lynn M. Orfahli, and Vahe Fahradyan
Vascularized lymph node transplant 102
Rebecca M. Garza and David W. Chang

Debulking strategies and procedures:

liposuction of leg lymphedema 111

Hakan Brorson

Debulking strategies and procedures: excision 120
Hung-Chi Chen and Yueh-Bih Tang



4 Lower extremity sarcoma reconstruction
Andrés A. Maldonado, Giinter K. Germann, and
Michael Sauerbier

9 Reconstructive surgery: lower extremity
coverage
Joon Pio Hong

6.1 Diagnosis, treatment, and prevention of lower
extremity pain

Brian L. Chang and Grant M. Kleiber

Targeted muscle reinnervation in the

lower extremity

Brian L. Chang and Grant M. Kleiber

Lower extremity pain: regenerative

peripheral nerve interfaces

Nishant Ganesh Kumar, Theodore A. K&ng, and

Paul S. Cedemna

7 Skeletal reconstruction
Mearco Innocenti, Stephen Kovach lli\Eledizs=zeattell,
and L. Scott Levin

8 Foot reconstruction
Romina Deldar, Zoe K. Haffner, Adaah A. Sayyed,
John S. Steinberg, Karen K. Evans, and
Christopher E. Attinger

9.1 Diabetic foot: introduction
Kevin G. Kim, Paige K. Dekker, John D. Miller,
Jayson N. Atves, John S. Steinberg, and
Karen K. Fvans

Diabetic foot: management of wounds and
considerations in biomechanics and

amputations
Jayson N. Atves, John D. Miller, and John S. Steinberg

Diabetic foot: management of vascularity and
considerations in soft-tissue reconstruction
Paige K. Dekker, Kevin G. Kim, and Karen K. Evans
Section II: Trunk, Perineum, and Transgender

10 Trunk anatomy

J. Andres Hernandez, Andrew Nagy Atia,
and Scott Thomas Hollenbeck

11 Reconstruction of the chest
Brian L. Chang, Banafsheh Sharif-Askary, and
David H. Song

12 Reconstruction of the posterior trunk
Reuben A. Falola, Nicholas F. Lombana,
Andrew M. Altman, and Michel H. Saint-Cyr

13 Abdominal wall reconstruction
Gregory A. Dumanian

Gender confirmation surgery: diagnosis and
management
Loren Schechter and Rayisa Hontscharuk

Gender confirmation surgery, male to female:
vaginoplasty

Loren Schechter and Rayisa Hontscharuk

Gender affirmation surgery, female to male:
phalloplasty; and correction of male genital

defects
Alexander Y. Li, Walter C. Lin, and Bauback Safa

Breast, chest wall, and facial considerations in

gender affirmation
Kaylee B. Scott, Dana N. Johns, and Cori A. Agarwal

6.2

6.3

9.2

9.3

141

14.2

143

14.4

128

154

180

190

203

210

228

OS]

296

311

327

354

388

407

414

421

439

Contents

15 Reconstruction of acquired vaginal defects
Leilla Jazayeri, Andrea L. Pusic, and
Peter G. Cordeiro

16 Pressure sores
Ibrahim Khansa and Jeffrey E. Janis

17 Perineal reconstruction
Ping Song, Hakim Said, and Otway Loule

Section lll: Burn Surgery

18 Burn, chemical, and electrical injuries
Raphael C. Lee and Chad M. Teven

19 Extremity burn reconstruction
S. Raja Sabapathy, R. Raja Shanmugakrishnan, and
Vamseedharan Muthukumar

20 Management of the burned face and neck
Vinita Puri and Venkateshwaran Narasiman

21 Pediatric burns
Sebastian Q. Vrouwe and Lawrence J. Gottlieb
Index

Section I: Aesthetic Breast Surgery

1 Preoperative assessment and planning of the

aesthetic breast patient
Kiya Movassaghi and Christopher N. Stewart

2 Current status of breast implants
Patrick Mallucci and Giovanni Bistoni

3 Primary breast augmentation with implants
Charles Randquist

4 Autologous fat transfer: fundamental principles
Znd application for breast augmentation
Reger Khalil Khouri, Raul A. Cortes, and
Daniel Calva-Cerquiera

)]

~ag 2ntation mastopexy

Joat LaPerez, Daniel J. Gould, Michelle Spring,
andgv. Grant Stevens

6 Mastupe(; after massive weight loss
Fraricesco M Egro and J. Peter Rubin

7 Prevention and management of
complications following breast

augmentation and mastopexy
M. Bradley Calobrace and Chester J. Mays

8 Short scar breast reduction
Elizabeth Hall-Findlay, Elisa Bolletta, and
Gustavo Jiménez Murioz Ledo

9 Reduction mammaplasty with inverted-T

techniques
Maurice Y. Nahabedian

10 Breast implant illness: diagnosis and

management
Caroline A. Glicksman and Patricia McGuire

11 Breast implant-associated anaplastic large cell
lymphoma (BIA-ALCL): diagnosis and
management
Mark W. Clerens, Eliora A. Tesfaye, and Anand Deva

452

462

489

501

538

561

589

670

edited by Maurice Y. Nahabedian

13

52

69

83

92

102

131

154

160



X Contents

12 A critical analysis of irrigation solutions
in breast surgery
Grace Keane, Marissa M. Tenenbaum, and
Terence M. Myckatyn

13 Imaging and surveillance in patients with
breast implants
Bradley Bengtson, Patricia McGuire,
Caroline Glicksman, and Pat Pazmirio

14 Breast implant explantation: indications and
strategies to optimize aesthetic outcomes
Connor Crowley, M. Bradley Calobrace,
Mark W. Clemens, and Neil Tanna

15 Management strategies for gynecomastia
Michele Ann Manahan

16 Management options for gender affi‘mation
surgery of the breast
Ara A. Salibian, Gaines Blasdel, and\Ractel
Bluebond-Langner

Section II: Reconstructive Breast Surgery

17 Preoperative evaluation and plannirig
for breast reconstruction following
mastectomy
Said C. Azoury and Liza C. Wu

18 Perfusion assessment techniques following
mastectomy and reconstruction
Alex Mesbahi, Matthew Cissell, Mark Venturi, and
Louisa Yemc

19 Introduction to prosthetic breast

reconstruction
Maurice Y. Nahabedlian

20 One- and two-stage prepectoral
reconstruction with prosthetic devices
Alberto Rancati, Claudio Angrigiani, Maurizio Nava,
Dinesh Thekkinkattil, Raghavan Vidya, Marcelo Irigo,
Agustin Rancati, Allen Gabriel, and Patrick Maxwell

21 One-stage dual-plane reconstruction with
prosthetic devices
Brittany L. Vieira and Amy S. Colwell

22 Two-stage dual-plane reconstruction with
prosthetic devices
Ara A. Salibian and Nolan S. Karp

23 Two-stage prosthetic reconstruction with total

muscle coverage
Colleen M. McCarthy and Peter G. Cordeiro

24 Skin reduction using “smile mastopexy”
technique in breast reconstruction
Kiya Movassaghi and Christopher N. Stewart

25 Management of complications of prosthetic

breast reconstruction
Nima Khavanin and John Y.S. Kim

26 Secondary refinement procedures following
prosthetic breast reconstruction
Roy de Vita and Veronica Vietti Michelina

27 Introduction to autologous breast
reconstruction with abdominal free flaps
Maurice Y. Nahabedian

28 Breast reconstruction with the pedicle

TRAM flap
Jake C. Laun and Julian J. Pribaz

174

182

191

200

207

222

234

29

247

265

280

293

298

304

317

336

340

29

30

3

32

33

34

35

36

37

42

43

44

45

46

41

Breast reconstruction with the latissimus

dorsi flap 355
Dennis C. Hammond

Autologous breast reconstruction with

the DIEP flap 371
Adrian McArdle and Joan E. Lipa

Autologous breast reconstruction with the free
TRAM flap 396
Jin Sup Eom and Hyunho Han

Autologous breast reconstruction with the
superficial inferior epigastric artery

(SIEA) flap 413
Pierre Chevray

Introduction to autologous reconstruction

with alternative free flaps 420
Meaurice Y. Nahabedian
Giluteal free flaps for breast reconstruction 424

Salih Colakoglu and Gedge D. Rosson

Autologous breast reconstruction with medial

thigh flaps 433
Venkat V. Ramakrishnan and Nakul Gamanlal Patel
Autologous breast reconstruction with the
profunda artery perforator (PAP) flap 450
Adam T Hauch, Hugo St. Hilaire, and Robert J. Allen, Sr.
Autologous reconstruction with the lumbar

artery perforator (LAP) free flap 461
Phillio Blondeel and Dries Opsomer

Hybrid breast reconstruction: combining

flaps and implants 468
Arash Momeni, Hani Sbitany, and Suhail K. Kanchwala
Innervation of autologous flaps 475
Aidona J. Spiegel and Janak A. Parikh

Stecked and conjoined flaps 481

Nicholas T Haddock and Sumeet S. Teotia

Management of complications following
autziognus breast reconstruction 488
AnneLrQNelll, Vincent J. Choi, and Stefan O.R Hofer

Enhaliced.recovery after surgery (ERAS)
protacuis iz oreast surgery: techniques and
outcomes 498

Nicholas\F. Lombana, Reuben A. Falola,
John C. Cargile, and Michel H. Saint-Cyr

Secondary procedures following autologous

reconstruction 516
Jian Farhadi and Vendela Grufman
Introduction to oncoplastic breast surgery 526

Maurice Y. Nahabedian

Partial breast reconstruction using reduction

and mastopexy techniques 533
Albert Losken, Nusaiba F. Baker, and Alexandre Munhoz
Oncoplastic breast reconstruction: local flap
techniques 547
Moustapha Hamdi and Claudio Angrigiani

Surgical and non-surgical management of

breast cancer-related lymphedema 556
Ketan M. Patel, Emma C. Koesters, Rachel Lentz,
and Orr Shauly



48

49

50

51

Index

Breast reconstruction and radiotherapy:
indications, techniques, and outcomes
Jaume Masia, Cristhian D. Pomata, and Javier Sanz
Robotic-assisted autologous breast
reconstruction

Karim A. Sarhane and Jesse C. Selber

Total breast reconstruction by external
vacuum expansion (EVE) and autologous
fat transfer (AFT)

Andrzej Piatkowski and Roger K. Khouri

Current options for nipple reconstruction
David Chi and Justin M. Sacks

Volume Six: Hand and Upper Extr-~-"y

Introduction: Plastic surgery contributions to

hand surgery
James Chang

Section I: Principles of Hand Surgery

1

Anatomy and biomechanics of the hanu
James Chang, Anais Legrand, Francisco J.

Valero-Cuevas, Vincent R. Hentz, and Robert A, Coasa

Examination of the upper extremity
Ryosuke Kakinoki

Diagnostic imaging of the hand and wrist
Alphonsus K.S. Chong, Janice Liao, and
David M.K. Tan

Anesthesia for upper extremity surgery
Eugene Park, Jonay Hill, Vanila M. Singh, and
Subhro K. Sen

Principles of internal fixation
Margaret Fok, Jason R. Kang, Christopher Cox, and
Jeffrey Yao

Section II: Trauma Reconstruction

6

10
11
12

13

14

Nail and fingertip reconstruction
Amanda Brown, Brian A. Mailey, and
Michael W. Neumeister

Hand fractures and joint injuries
Warren C. Hammert and Randy R. Bindra
Fractures and dislocations of the wrist
and distal radius

Steven C. Haase and Kevin C. Chung

Flexor tendon injuries and reconstruction
Jin Bo Tang

Extensor tendon injuries
Kal Megerle and Karl-Josef Prommersberger

Replantation
Dong Chul Lee and Eugene Park

Reconstructive surgery of the mutilated hand
S. Raja Sabapathy and Hari Venkatraman

Thumb reconstruction: Non-microsurgical
techniques

Jeffrey B. Friedrich, Nicholas B. Vedder, and Elisabeth
Haas-Lutzenberger

Thumb reconstruction: Microsurgical

techniques
Nidal F. Al Deek and Fu-Chan Wei

567

581

590

603

670

19

20

95

109

123

147

173

193

230

250

272

305

320

Contents Xi

Section llI: Specific Disorders

15 Infections of the hand 337
Andrew O'Brien, Ryan P Calfee, Jana Dengler, and
Amy M. Moore

16 Tumors of the hand 356
Kashyap K. Tadisina, Justin M. Sacks, and
Mitchell A. Pet

17 Dupuytren’s disease 384
James K-K. Chan, Paul M.N. Werker, and
Jagdeep Nanchahal

18 Osteoarthritis in the hand and wrist 411
Paige M. Fox, J. Henk Coert, and Steven L. Moran

19 Rheumatologic conditions of the hand

and wrist 449
Douglas M. Sammer and Kevin C. Chung
20 Occupational disorders of the hand 491

Celine Yeung and Steven J. McCabe
Section IV: Nerve Disorders

21 Nerve entrapment syndromes 499
Elisabet Hagert and Donald Lalonde
22 Peripheral nerve repair and reconstruction 526

Simon Farnebo, Johan Thorfinn, and Lars B. Dahlin

23 Brachial plexus injuries: adult and pediatric 552
Johnny Chuieng-Yi Lu and David Chwei-Chin

Chuang

24 Tetraplegia 585
Carina Reinholdt and Catherine Curtin

25 Tendon transfers 605
Neil F. Jones

26 Nerve transfers 638

Kirsty Usher Boyd, lda K. Fox, and
Susan E. Mackinnon

27/ Froe-functioning muscle transfer 665
omneon C. Daeschler, Kristen M. Davidge,
Illa Harhaus, and Gregory H. Borschel

Sectica V-Challenging Disorders

28 Taeschemic hand 680
HeedZnang Ahn, Jung Soo Yoon, and Neil F. Jones

29 The spastc hand 704
Caralin€ Lecl»req, Nathalie Bini, and Charlotte Jaloux

30 The stift nand 716

David T. Netscher, Rita E. Baumgartner, Kimberly Goldie
Staines, and Logan W. Carr

31 The painful hand 735
Hazel Brown, Anna Berridge, Dennis Hazell, Parashar
Ramanuj, and Tom J. Quick

Section VI: Congenital Disorders

32 Congenital hand I: Embryology, classification,
and principles 746
Michael Tonkin and Kerby C. Oberg

33 Congenital hand Il: Malformations —
whole limb 770
Aaron Berger, Sounen Das De,
Bhaskaranand Kumar, and Pundrique Sharma

34 Congenital hand lll: Malformations —
abnormal axis differentiation — hand plate:

proximodistal and radioulnar 790
Brinkley K. Sanadvall and Charles A. Goldfarb



Xii

35

36

37

38

39

Contents

Congenital hand IV: Malformations —
abnormal axis differentiation — hand plate:
unspecified axis

Christianne A. van Nieuwenhoven

Congenital hand V: Deformations and
dysplasias — variant growth

Wee Leon Lam, Xiaofei Tian, Gillian D. Smith, and
Shanlin Chen

Congenital hand VI: Dysplasias — tumorous
conditions

Amir H. Taghinia and Joseph Upton

Congenital hand VII: Dysplasias — congenital

contractures
Ellen Satteson, Paul C. Dell, Xiao Fang Shen,
and Harvey Chim

Growth considerations in the pec:ati’c upper

extremity
Marco Innocenti and Sara Calabrese

824

842

868

898

909

Section VII: New Directions

40 Treatment of the upper extremity amputee
Gregory Ara Dumanian, Sumanas W. Jordan, and
Jason Hyunsuk Ko

41 Upper extremity composite
allotransplantation
Christopher D. Lopez, Joseph Lopez,

Jaimie T. Shores, WP Andrew Lee, and
Gerald Brandacher

42 Aesthetic hand surgery
David Alan Kulber and Meghan C. McCullough

43 Hand therapy
Wendy Moore, Minnie Mau, and Brittany N. Garcia

Index

930

949

963

983

999



Tissue engineering

Ramin Shayan and Karl-Anton Harms

Introduction

The field of tissue engineering embodies, like few other aress
of scientific endeavor, the principles, aspirations, and the tech-
niques of plastic surgery. However, the “boom time” promise
of the early “frontier” tissue engineers and their pioneering
endeavors have not been matched, to date, by real-world solui-
tions that translated into useful outcomes for plastic surgery
patients.

Unfortunately, the fortunes of the tissue engineering sector
closely matched those of the turn of the century “tech bubble”;
and in the wake of a historic stock market correction, suffered a
similar collapse. What has been less well-described, however,
have been some of the factors that created the “perfect storm”
that made this course inevitable. Similarly neglected has been
a discussion of the fact that this collapse led to a re-evaluation
and a quiet re-birth of tissue engineering, which has now
begun to take shape from the ashes of the collapse. Studying
the factors that contributed to this collapse will reveal key les-
sons that may be used to ensure the success of tissue engineer-
ing Mark-II, and the longevity of plastic surgery in general.

From the early 2000s implosion of the tissue engineering
sector have emerged a series of modified aims and realities
that may loosely be termed as a “re-invention”. The dreams
and hype of the 1980s and 90s were unable to be matched
by the fundamental science capabilities of the time and the
desired translation into solutions to supersede then-available
conventional plastic surgical solutions did not eventuate. As a
result, the role of today’s plastic surgeons at the cutting edge
of the field was diminished and the leadership mantle was
instead taken on by cellular and molecular biologists and
translational science entrepreneurs.

As plastic surgeons, therefore, we must ask ourselves
whether we are willing to now invest in our trainees and craft
group, in order to in-build the fundamental science capability
to remain conversant in the burgeoning scientific fields now
required to engage in a “new wave” of tissue engineering. Are

we willing to go back and learn from the problems that led to
the crash of nearly 20 years ago and are we willing to apply
the attitudinal changes required to make a real contribution
and to drive the program? Or are we instead willing only to be
passive consumers of products designed by biological engi-
1 ears and biologists without our clinical input?

One truth that is certain is that given the cost, time, and
cxpertise required to undertake meaningful science in the
20:05,.a field that calls itself “tissue engineering” cannot exist
indspeadently of commercially viable products and impera-
tiveg; 0 of the timelines and stringencies required to deliver
thero. 11210 a century on, we explore tissue engineering as
a parcole ‘or plastic surgeons over-promising and under-
deliveriiig, and examine the lessons that must be incorporated
into plasidc strgery if we are to remain a viable and indepen-
dent spelinltvinto the next century. We examine some highs
and lows of tissue engineering in plastic surgery and ask what
might become ofine field in future years. If we are to remain
in the tissue.engiticering game for the next 50 years, there are
two elements'wu.mGst adopt overall:

1. Focus: Plastic surgeons must play to their clinical and
personal strengths; and

2. Commitment: Plastic surgeons must invest in the skill sets
and people to continue to evolve.

Plastic surgery principles in tissue
engineering and the first 40 years

Plastic surgery seeks to restore or enhance the function and/or
form of body tissues and organs of patients afflicted by congen-
ital or developmental anomalies, or by a physical insult. The
congenital or developmental anomaly may be either a sporadic
or inherited genetic program mishap, or an acquired pertur-
bation in utero. It may more recently be considered to include
an ostensibly undisturbed genetic program that is inconsistent
with the identity or perceptions of the patient’s self.
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A physical insult that disrupts the patient’s tissues or
organs may result either from the physical environment due
to an external injurious force or agent; or due to a planned
intervention by doctors seeking to combat a pathological con-
dition such as malignancy, benign unwanted tissue growth or
pathologic infective processes. From the dawn of surgery, the
legendary figure of Sushruta who worked in India between
the years 600-1000 BCE," anatomical examination and research
have been a cornerstone of the surgical techniques applied to
patients treated for punitive nasal amputations administered
as punishment for adultery.

Sushruta identified the fact that a more thorough under-
standing of underlying science was required to inform appli-
cation to patients:

[Alnyone wishing to acquire a thorough knowledge of anatomy
must prepare a dead body and carefully obs<rve and examine all
its parts.

Suskiuta. 600-1000 BCE?

Later, Italian surgeon Gaspare Tagliacozzi examined the
anatomy of executed prisoners in order to lea’iitr.e anatomy
that would form the basis of his famous adaptati®zis of the ear-
lier version of reconstructive rhinoplasty that he performed to
treat nasal injuries acquired in duels.!

Tagliacozzi neatly summarized the aspirations or n'astic
surgery, which can also encompass the fundamental aim< of
tissue engineering:

We restore, rebuild and make whole those parts which nature [uth
given, but which fortune has taken away. Not so much that it n'ay
delight the eye but that it might buoy up the spirit, and help tie
mind of the afflicted.

Gaspare Tagliacozzi

The first evolution of plastic surgery — random
pattern and pedicle flaps and the culture of
better solutions

Since its inception, plastic surgery has necessarily required an
inquisitive and pioneering mindset. Throughout the clinical
practice of plastic surgery and more recently in the modern
post-war era of plastic surgery, the practice has involved the
surgeon experimenting through observation and trial and
error with the limits of blood supply and tissue endurance.’*
From the first early-20th century theaters of war, through the
1940s, the founders of modern plastic surgery recognized the
experimental nature of their revolutionary work. The “exper-
imental” nature of the work of New Zealander Sir Harold
Gillies (Fig. 18.1) and his cousin Sir Archibald McIndoe, aided
by Thomas Kilner, Rainsford Mowlem, and a host of other
pioneers, earned their patients the moniker “The Guinea Pig
Club”.? The implication was that the prevailing treatments of
debridement, amputation, and dressing wounds to heal by sec-
ondary intention could be extended to enhance the functional
and aesthetic outcomes for wounded servicemen through
observational experimentation and brinksmanship that would
push the boundaries of what was then possible. The results
were wound closure of defects that would once have neces-
sitated amputation or crippling disfigurement of the face or
limbs that would render a normal existence impossible. This

Figure 18.1 Sir Harold Gillies (1882—1960). A pioneer of facial reconstruction and
pushing the boundaries of what was possible at the time. Sir Harold and colleagues
took on the difficult reconstructive challenges of the airmen survivors of the RAF and
disfiguring and functionally impairing scarring.

represented a great evolution in surgical management that
wuld spurn several generations of innovation and would
eventually lead to the concept of tissue engineering.

Within three decades the limitations of random pattern and
tuled pedicle flaps would become apparent and would stim-
ul=t> the next great evolution in wound management.® The
pediciefiaps would necessitate 6 or more months of hospi-
talizitior and an extensive series of surgical procedures that
were both resource-intensive and personally and physically
taxing'on.*li¢ patient.® Again, a generation of pioneering icon-
oclasty vzere/called upon to move the specialty of plastic sur-
gery into a »Cw age.

The seconw evolution of plastic surgery —
microsurgery and the precedent for better
solutions

In Boston, USA, Dr Joe Murray successfully transplanted a
kidney between humans in 1954 and received the Nobel Prize
in Physiology or Medicine in 1990.” Also in the US, Dr Harry
Bunke reported the first experimental replantation surgery
of a rabbit ear in 1964, followed by the first primate digital
replantation (toe to hand transfer) in 1966 and human tissue
transfer of omentum to scalp in 1969.° In Melbourne, Australia,
Professor G. Ian Taylor mapped the blood vascular supply of
the human body in the morgue of his local hospital, and in
1971 performed the first composite fasciocutaneous free tis-
sue transfer when he transferred a groin free flap to an open
ankle fracture (Fig. 18.2)” The “angiosome concept” described
the entire body in vascular territories that could be utilized to
transfer tissue from almost any donor site.** In 1976, also in
Melbourne, Taylor’s cross-town rival Dr Bernard O’Brien (see
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Figure 18.2 The quest to transfer tissues around the body led to the characterization
of all of the “angiosomes” of the human body.

Fig. 18.2) described the use of microsurgery for the restoration
of the physiology of the lymphatic system in the form of lym-
phatico-venous anastomosis surgery,'® and later, in the form of
free vascularized lymph node transfer."

What had once been the stuff of science-fiction had now
become clinical reality, and the coming decades would see the
institution of the research performed by these and other vision-
ary surgeons to create hundreds of variations of autologous free
tissue transfer of 3D blocks of vascularized tissue for all manner
of clinical applications. Microsurgery transformed the capa-
bility of plastic surgeons to treat congenital or developmental
anomalies, and the physical insults acquired during the course
of cancer treatment or in trauma in all areas of the human body:.
Finally, French surgeons performed the first composite tissue
allotransplantation (CTA) of a hand in 1998,"* and in 2005," the
first partial face transplantation to a living recipient. The first
full face transplant was performed in 2010 in Spain, and since
that time the technical exercise has been replaced by the more
subjective art of clinical judgment of appropriate recipients.
This has become the focus of CTA surgeons world-wide."

Open fractures and ungraftable soft-tissue defects in the
limbs could be salvaged; and tissues could be transferred to
cover critical exposures of underlying organs in abdominal,
pelvic, cranial and chest wall defects, in which locoregional
options were not available. Congenital hand deformities
could be treated using free toe transfers, and genitalia, breasts,
and the previously untreatable areas of the head and neck -
such as jaws, laryngopharynx, and base of skull - could be
reconstructed in ways that could previously only have been
1n~gined. What had once been possible in many months, if at
all.vras now possible overnight (Fig. 18.3). Plastic surgery had
.earmed to transfer entire faces and hands from donor to recip-

er t-- two areas emblematic of human identity and function.

Miciosurgery made it possible to achieve a superior out-
comzin a matter of hours. Here a free fibular flap is made
inito= 1iea”mandible and a second free flap is used to cover
the exierna. skin of the chin in a significant soft-tissue defect
resuititig rrom a plé6-negative squamous cell carcinoma of the
cutaneots ckin

Virtugil 7 overnight, an area of human endeavor had been
created that would revolutionize the practice of reconstructive
surgery, but vzhisli could be readily taught and learned to the
extent that, today; miicrosurgery is a fundamental tool in the
algorithm know'a 2<"the “reconstructive ladder” of plastic sur-
gery. Essentially, the success of microsurgery had been driven
by a vast and worldwide unmet clinical need for the solution.
It boasted the great attributes that modern companies seek;
scalability and transferability of techniques. The requirements
were core knowledge about the vascular anatomy of the body,
training by experienced technicians, a relatively modest initial
outlay to furnish a microsurgery unit with microscopes, a set
of reusable instruments and micro-sutures. These giant steps
had been accomplished by all of the pioneers and thanks to
excellent international clinical fellowships and courses, micro-
surgery had been disseminated successfully to the four cor-
ners of the globe.

The third evolution of plastic surgery: tissue
engineering, the answer beyond surgery

It was due in no small part to the amazing success of micro-
surgery that plastic surgery was able to take on the mantle
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ats

Figure 18.3 Jaw reconstruction that had once been achieved through painstaking
pedicled flap surgery was now possible in a matter of hours.

as a significant contributor to human health. Microsurgery
demonstrated the fact that plastic surgery could be a nimble
and innovative specialty that could readily evolve and adapt
to clinical needs. But where to from here?

Plastic surgery had managed to capture the public and,
therefore, the funding bodies” imagination for some years and
to open a new frontier of human endeavor. Funding bodies
such as the national hospital systems in some jurisdictions,
and public research funding organizations and philanthropic

donors in others, had funded research into microsurgery with
good returns in human health metrics to the community.

If free flaps inherently involved “robbing Peter to pay
Paul”,” surely then, the final frontier for plastic surgeons was
to achieve their goal of restoring form and function to tissues
and organs that make up the organism and person as a whole
—without paying the price of “robbing” the body of a donor
tissue (Fig. 18.4). For plastic surgery researchers taking this
next step — particularly for patients in whom there was a pau-
city of donor sites or in whom the donor site trade-off was
not acceptable — the next evolution, or at very least the next
iteration, was needed.

In the 1990s, Langer and Vacanti'® encapsulated the disci-
pline that had arisen from such noble and lofty aims as:

A new interdisciplinary field, tissue engineering, applies
principles of biology and engineering to develop functional
biological substitutes to restore, maintain or improve function in
damaged tissue and diseased organs.

The dream of plastic surgeons was to create “off-the-shelf”
body parts that could be utilized for patients in whom the
donor sites were either non-existent or costly (Fig. 18.5). In
addition to “bulk filler” soft-tissue reconstruction, niche areas
of unmet need also existed in more nuanced areas such as
nerve and limb regeneration and inspired inquisitive minds
to explore an exciting field of scientific endeavor.

The 1960s saw an emerging focus on biomaterials and
engineering driven by the post-war challenges that drove
asrace toward global technological supremacy. A new sub-
stance that integrated the structural integrity of cross-linked
palymer chains with an ability to absorb fluid, called hydro-
s els. had been developed at that time and was first applied to
cotitact lenses and by the pharmaceutical industry for drug
tesing.”

Duriry the following decade the specialties of engineering
andsurg: ry combined when a like-minded engineer and sur-
geon Gescribed a coral-like structure that provided the struc-
tural ifiteg=icy under greater force requirements that hydrogels
lacked ™ In *he late 1970s to early 1980s, burgeoning ink-jet
technology +~as soon adapted for delivery of cultured cells in
a 2D printed colilarer.”” In 1985 the term “tissue engineering”
was introduce< oy Y.C. Fung,” giving rise, between the years
of 1987 ana 1¢92;co0 a rapid expansion in biotech companies
that could loosely be termed the “first biotech boom”."” The
epicentre of this boom was at the Massachusetts Institute of
Technology (MIT) and Harvard University precincts in the
US, and, to a lesser extent, other multidisciplinary institutions
that sought to become the leading commercial translational
institutions. At that time, the make-up of the fledgling tissue
engineering sector was predominantly (90%) academic, with
makeshift spin-outs and start-ups combining due to a strong
investment appetite (90% private),””?! without the gover-
nance and regulatory structures that are evident internation-
ally today.

Europe and the UK were off to a slower start than was seen
in the US, due to a more conservative investment risk appe-
tite, a greater proportion of public funding that boasted higher
funding hurdles, and a larger oversight role of more dominant
government bodies on companies (e.g., the National Health
Service in the UK) and on their products.” In Japan much of
the early cell work was only in the setting of state hospitals
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Figure 18.4 A young man enjoys a coffee and reads a text message using a finger
constructed from a toe, following a four-finger amputation. He pays the price of a
missing toe, a significant deterrent for many patients — “robbing Peter to pay Paul”.

= =\\ =

Figure 18.5 The dream of tissue engineers in plastic surgery: “off the shelf” body
parts.
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and‘acadzinic centers, with no state scientists permitted to
transiton ) also work in industry until 1998.%' This environ-
ment resulted in relatively slower approvals and a smaller
number Of la{ge firms dominating the landscape and no start-
ups to speak ai; with a chief focus on exploiting already-ap-
proved prodircis.”! Key regulatory changes in 2014 allowed
cell cultivation criiside hospitals and increased research speed
and encouraged-{irtis to develop their own products.”? This
more supportive. ervironment lead to a boom in nano-tech-
nology and the description of induced pluripotent stem cells
(iPS)-related and stem cell products that would penetrate
more deeply into the tissue engineering field, eventually giv-
ing rise to the cell-based therapeutics fields.”

In Australia, the 1980s saw the O’Brien Institute transition
from pursuits that had helped to play a key role in the devel-
opment of microsurgery* (particularly with regard to the
lymphatic system'""), toward a “vascular-loop” cell cham-
ber-based tissue engineering focus.” This transition would
result in a key highlighting of the microenvironment and
importance of tissue nutrition to the overall success of tissue
engineering.” Nevertheless, despite increasing interest glob-
ally, the majority of the intellectual property relating to tissue
engineering continued to emanate from the US (Fig. 18.6).”
A strong private investment appetite in the early 1990s con-
tinued to drive interest in the new field of tissue engineering,
in which new opportunities to marry technology and recon-
structive surgery fuelled the hope that the next generation of
rebuilding human bodies was nigh.'>*%
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The fall of tissue engineering Mark-I

During the latter part of the 1990s, the frenetic tissue engi-
neering sector began to show signs of a “bubble market”.'>*"*
Issues started to appear in the translation of expanding
media hype into rigorous experimental ideas, high-quality
science, and eventually working solutions.'>*'?** A major
sticking point in the tissue engineering model related to
the inherent commercially unviable practice of using and
handling living cells that were, by definition, hard to come
by and to maintain; and which were marred in regulatory
and ethical complexity.**” These factors led to poor com-
mercial viability and inability of companies to achieve suf-
ficient scale, and to a low rate of FDA and other regulatory
approvals.”

The consequence was low doctor and/payer adoption of
the proposed new technologies over cirwintional methods,
reduced demand, higher costs, and diminisliad product rec-
ognition. US insurance providers were reliuctant to pay for
these unproven technologies, further erodirg care-provider
acceptance and inhibiting the efficacy of\prodv{t marketing
and broader integration into the health systen<”

Tissue engineered products fabricated by la™ench-scale
processes remained prohibitively expensive and-impractical
with cost per product based on cost of cultivatic’), st- rage,
transport in precise conditions of living cells far outirip-
ping the budget available and the solutions thai trey Y.ad
been intended to supersede.”” The lack of cost-etrestivy
production and distribution made tissue engineered col:-
tions resource-intensive and of variable reproducibility ar
quality compared with more established treatments.” %
Unfortunately, the result of poor competitiveness of ‘is-
sue engineered solutions further contributed to the costs of
production and many early firms became bankrupted, thus
breaking continuity of any breakthroughs and develop-
ments that they might have made.?*** Finally, investors lost
patience with tissue engineering companies as they struggled
to translate good ideas into real profits, eventually ceasing
to fund the relatively speculative ventures behind the tech
and biotech bubbles; and with them the relatively smaller tis-
sue engineering industry.” Whilst 1992 and 1998 saw minor
corrections of the biotech sector, the major correction seen in
2000 would spell the end of many of the listed tissue engi-
neering companies.”* The total capital value of tissue engi-
neering companies dropped by a staggering 90%, from a total
value of US$2.5 billion in 2000, to US$300 million two years
later” (Fig. 18.7).
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Figure 18.7 Market value of tissue engineering firms 1980-2002, showing the
crash around the turn of the century.

At the time of the collapse of the tissue engineering sector,
89 firms in 15 countries, employing 2600 full-time equivalent
roles in research and development, were destroyed.” Work
in skin and cartilage structural biology had represented over
50% of tissue engineering and comprised over 800 FTE roles;
however, at the time, the entire industry was yet to produce a
single profitable product despite over US$4.5 billion research
and development funds having been invested.”” " Twenty
products were in FDA trials; six of these were abandoned or
failed. A total of four of these original 20 products were even-
tually approved, however, none of these managed to achieve
commercial success, and no successful product portfolio was
generated. As a result, by mid 2002, few of the early tissue
engineering firms remained commercially viable and the
industry had officially collapsed.®

Issues that led to the collapse of the early
tissue engineering sector

After having promised so much, the collapse of the tissue engi-
neering market had left the sector in tatters. In order to under-
stand the reasons behind the rise and fall, one must examine
the global environment more broadly. Bouyed by unbridled
optimism and unrealized expectation on behalf of both soci-
ety and investors, the failure to create workable products led
to disappointment and disaffection after a handful of years.”

Unfortunately, the science capability at the time did not
match the aspirations of the public and the increasingly
expansive media outlets of the day. Insufficient thought had
hetn given to a path to market and practical clinical applica-
tian of the tissue engineering experimental models.***' There
\7as insufficient business and industry expertise built into the
1>7gely academic ventures that in turn led to less emphasis on
plaining and governance; and slower and less direct passage
throughiegulatory pathways.*

Iiisuffisient forethought in the areas of target product
profiid and product differentiation from then gold-standard
treaitments;as well as poor process management and manu-
facturing auality assurance, meant that any progress made
within\the <urly funding rounds were not channelled into
meaningfu..retirneon investment.’*> The public’s imagina-
tion was capiied not only by block-buster science fiction
movies and\icani< television series, but it was also fanned by
the headlines such as Dolly the sheep, cloned from adult stem
cells in the UK, and the famous images of the Vacanti mouse,
which boasted a bovine cartilage ear scaffold implanted
beneath the back skin of an immunocompromised mouse
(Fig. 18.8).1727%032 Unfortunately, much like the fate of the tis-
sue engineering sector in the 1990s, the once bold ear scaffold
of the Vacanti ear construct quietly involuted into an amor-
phous ball of scar tissue on the back of a nude mouse."”*

Tissue engineering Mark-Il — focusing on the
old domains and new paradigms

It was recognized after the fact that the clinical solutions pro-
vided by tissue engineering had not lived up to the hope prom-
ised by early breakthroughs in the field.*® Having enjoyed the
spoils of success, made possible by the successful pioneers of
microsurgery, the field of plastic surgery became, to an extent,
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Figure 18.8 A cartilaginous ear scaffold implanted beneath the dorsal skin of a
nude mouse. An image of what is generally known as the “Vazanti mouse”, after
creators Charles A. Vacanti and Joseph P Vacanti, became<dmaus globally after it
was published on magazine covers and featured in news iepors in. 1997. (Courtesy
of Dr. Joseph P Vacanti and the Laboratory for Tissue Engintcring<nd Organ
Fabrication, Massachusetts General Hospital, Boston, MA.)

a victim of its own success. As microsurgery kccazie main-
stream, and expertise in microvascular free ‘tis¢z:c transfer
continued to become more widely available, the case far an
unmet clinical need driving the field was, in fact, din‘inisted.

There was, however, a strong case for being able to gencr-
ate products that could either augment the natural processes
required to heal or regenerate, provide the same nature t
reconstruction or tissue regeneration without a costly donor
site, and to do so without the requirement for the high leve!
of training and resources inherent in the practice of plastic
surgery.” In order to construct soft tissue from simple cells,
supporting substrates of tissues would be required and con-
stituent cells would need to be supported or adapted for util-
ity in forming a replacement organ or tissue (Table 18.1).

Following the correction in the biotech bubble, there was a
pruning of the original ambitions held by plastic surgeons and
a realization that the field had to get “back to basics”. Tissue
engineering as a field began to fragment and diverged into
components that would:

1. Support or enhance the formation of new tissue by
harnessing the natural developmental or healing
processes; or

2. Provide delivery of therapeutics on the micro-scale:
regenerative medicine.

The basics of plastic surgery are today that surgeons recon-
struct the following tissue types relating to form and function:

1. Skin and integument first and foremost as a barrier
against the external environment

2. Structural support of bone in the craniofacial regions and
limbs

3. Functional transfers of nerve and muscle to restore motor
deficits

4. Physiology of vascular and lymphatic systems, including
immune response

5. The great tracts: alimentary, respiratory, and urogenital

Within the sub-component of plastic surgery tissue engi-
neering, then, we should focus on these same clinical tasks
and diseases. Just as the transition was made from macro-
to micro-surgery, we need to consider how we may utilize

Table 18.1 Characteristics required for a tissue engineering
scaffold

Biocompatible Generate appropriate host immune
response

Biodegradable Absorption rate compatible with tissue

regeneration rate

Surface area/ Suitable surface topography and

characteristics biochemical characteristics to promote
cell adherence and biology
Porosity Porous structure, of adequate dimensions

to facilitate cellular and vascular ingress

Structural integrity Adequate strength to tolerate physical

forces and preserve cellular integrity

Mechanical resilience Sufficient elasticity to endure deformity

without structural compromise long term

micro-material and therapeutic interventions to manipulate
and tailor cells and tissue processes, rather than focussing
exclusively on the fabrication of cellular masses of tissue that
externally resembled an idealized model of an organ.*® The
same intellectual transition made by our predecessors may be
made to cross the boundaries of our physical limitations as
surgeons to go “beyond surgery into the sub-cellular realm,
whilst not losing our clinical objectives and perspective, nor
Curcreativity and patient-centric focus”.*

Tlie lessons derived from the adversity of the challenges
waced during the early endeavors of plastic surgery tissue
°n sitieers has paved the way for future triumphs in the field.
In_sfucr to share in these objectives we must first embrace
the fuect of becoming conversant in science and investing
ins our pecple, as well as funding the research programs that
are require d. Iain Whitaker, of the Reconstructive Surgery
and Regenerative Medicine Research Group (Recon Regen),
in SwanseaCX, wrote in 2017: “Although tissue-engineered
solutions hold" great promise, we must be realistic in that
contempuorary ussue-engineered constructs implanted into
immune-comipetiit animal models ... undergo inflamma-
tion, fibrosis, feieign body reaction, and degradation.”*
Tissue engineer: had dreamed big, but a reality check had
come in form of a bursting of the aspirations to create a com-
plete “organ on a shelf”.*** Many tissue engineering solu-
tions turned out to be inferior to the analogue plastic surgery
solutions that they were intended to improve upon.”* The
constraints of the complexity of a multidimensional relation-
ship between the tissue microenvironment and each cellular
and subcellular element that makes up a tissue had not been
realized.”

From 2003, however, a re-think prompted by the crash led
to a pivot toward molecular sciences, scaffold and spheroid
technology, cellular bioprinting and drug and device testing.”!
This adaptation has seen many who had gained valuable expe-
rience from the first iteration of tissue engineering re-emerge
with greater experience and a new vision.” Some pioneering
founders reinvent themselves, taking valuable lessons to start
new companies. Many abandoned long-term organ goals,
instead seeking to design more short-term profitable products
such as for the cosmetic and drug testing industries.



Plastic surgery principles in tissue engineering and the first 40 years

The 2010s saw a shift toward more simplified products and
devices that were designed to be more scalable and to have
a clearer regulatory and commercial pathway that improved
the likelihood of enhanced time to market.”*! That decade saw
the first profitable tissue engineering products emerge and the
generation of value for investors and solutions for patients.

Subcomponents of tissues that would allow neovascu-
larization over previously ungraftable wound beds — such
as Integra® and Biodegradable Temporizing Matrix (BTM)* —
have transformed the key areas of complex 3D defect
reconstruction.”

Modern tissue engineering — the TERM for
progress

Regenerative medicine has been said to bea field that “centres
on the restoration and regeneration of cesiponents of dam-
aged tissue”; while tissue engineering is 2w “application of
regenerative medicine that seeks to create/runctional tissue
components and whole organs” in order\to “r<store biological
function”.?** The previous demarcation of regercrative med-
icine being the preserve of the physician ¢r ¢cii z1ology sci-
entist; while tissue engineering is the domain ¢=iie surgeon
and the material engineer'” has now been somewshat hlurred
by the overall advancement of our understandiing Ot vo'h the
molecular science and technologies inherent to bot!. cestpo-
nents of the combined regenerative sciences.”

While tissue engineering may focus on the arrangemen:
and delivery/implantation of the structural componentc.ota
tissue with or without constituent cells, potentially enhanc<a
in their functional or replicative functions by bioactive acco1z
paniments,® regenerative medicine may be mediated via
often systemic modulation and harnesses pre-existing regen-
erative processes.”*

Much attention has been paid in tissue engineering to the
method of physical assembly of the structural elements of the
construct,” in particular, focussing on the 3D adaptations of
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the original 2D bioprinting pioneered in the 1980s, and the
printing itself may include printing of the scaffold, the cellular
components or a combination of each.”>” In contrast, regener-
ative medicine is primarily aimed at the enhancement of nat-
ural healing using promoting agents or processes such as cell,
gene or immune therapy, as well as nutritional approaches. The
integration of these disciplines, which may in their application
be highly complementary, has been captured by the acronym
TERM - Tissue Engineering and Regenerative Medicine.*®

Modern tissue regeneration science now involves a complex
interplay of the disciplines of biomaterial engineering (involv-
ing nanomaterial and structural science)** with adequate
nutrient supply (vascularization*') and waste eradication sys-
tems (venous and lymphatic systems*), micro-environmen-
tal optimization (largely driven and maintained by the stem
cell niche) and cellular molecular biology.”*** The molecular
biology itself involves expertise in developmental biology
and genetics and gene editing, chemistry, biophysics and an
“omics” capacity, in order to optimize the cellular components
of the engineered/regenerated tissues.* Finally, in order to
complete the process of translation from “bench to bedside”,
adequate attention is needed in the process management and
manufacturing; as well as to the business, fundraising, regula-
tory, and clinical strategy and pathways (Fig. 18.9).*

Cell biology and cell signaling —a complex interplay
of individual fields of expertise

Cellular biology and the signaling pathways are integral to
koth arms of TERM.* In regenerative medicine, the cells may
he'the modulators of the tissue repair and may be stimulated
te.this role either in vitro and then introduced or re-introduced
1) ‘the patient in order to enhance their tissue growth or
repair.” In tissue engineering, the cells may be introduced
aleiie ¢r in concert with a structural matrix that seeks to repli-
cate tne<nacro-structure, if not the function, of the extracellu-
lar wiatrir.’?*** Gene editing technology (CRISPR - clustered
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Figure 18.9 Pictorial schematic of the integrated subdisciplines of modern tissue engineering and regenerative medicine. ECM, Extracellular matrix; KOL, Key Opinion Leader.
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