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Foreword

Our specialty, plastic surgery, is rapidly expanding and

changing. The changes are nowhere more apparent and

rapidly evolving than in our operating rooms. The long-

established procedures are continually modified to

enhance results and increase safety. New procedures are

continually described and perfected. New devices, drugs,

and instruments are regularly introducedand those already

in use are refined.

The growth of the specialty in general and particularly

the subspecialties has witnessed the publication of an ever-

increasing number of textbooks, some addressing our

entire specialty whilst others concentrate on specific sub-

specialties or even single procedures. So, with all the avail-

able texts, not to mention our many journals, why another

text, why this book?

A quick and simple answer would be to say its new, it is

up todate and contains the latest information. Yes, all of that

is correct, but there is more to the book than being current.

As the title claims, it is a Practical Guide toOperative Care. It

is certainly full of practical information concentrating on

operative care and that sets it apart.

Basic principles and regional anatomy are covered first,

followed by the extensive, all-inclusive clinical operative

care chapters. Each providing a clear description of the

operations followed by review questions, their answers,

and an extensive bibliography.

Dr.Mast, himself an accomplished educator, has selected

other equally well recognized educators, each an expert in

their field, to contribute. The result is a comprehensive text

aimed not only at trainees and early career surgeons but an

up to date refresher for all of us.

Foad Nahai, MD, FACS

Adjunct Professor of Plastic Surgery

The Center for Plastic Surgery at Metroderm

Emory University

Atlanta, Georgia, USA
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Preface

Plastic surgery is a broad field, perhaps the broadest of all

the surgical disciplines. It is not defined byan organ system,

part of the body, or age group. Plastic surgery applies

principles of surgical technique and applied anatomy to

address conditions of appearance, form, and function that

have been caused by disease, trauma, and time. By virtue of

this approach, the surgeonswhopracticeplastic surgeryare

defined by their innovation and creativeness in caring for

their patients. Thefield is broad, almostboundless and takes

time and effort to master.

This book is designed to facilitate the mastery of plastic

surgery. It is specifically focused at those in the early part

of their plastic surgery careers, from fledgling medical

students, to eager and absorbing residents, to those in the

early years of their practice in need of a refresher for a case

they haven’t seen since residency. It is not meant to be an

all-inclusive encyclopedic treatise of all-things plastic sur-

gery. Rather it is a practical guide to caring for patients with

the most common conditions that a plastic surgeon would

see in training or in early practice. The chapters are

designed in the mode of a teaching conference, beginning

with objectives, followed by patient presentations, prepa-

ration for surgery, treatment/operative techniques, postop-

erative care, and outcomes. Each chapter is completedwith

post-reading questions so that each reader can assure

themselves they have absorbed key aspects of the topic.

Myhope is for this book to serve as a steady resource that

will meaningfully contribute to the education and training

of those yearning to be a plastic surgeon, and plastic

surgeons yearning to be the best at what they do.

Bruce A. Mast, MD, FACS
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1 Wound Healing: Science and Clinical Relevance
Aditya Sood, Jonathan Keith, and Mark S. Granick

Abstract

This chapter examines the complicated and intricate process of

wound healing, showing that the several phases of healing and

wound types require a thorough understanding by plastic sur-

geons and practitioners in order to yield the most satisfactory

outcomes. Wounds may move from an acute phase to the

chronic type, requiring the physician to intervene in order to

return these wounds back to a favorable phase of the healing

cascade. With a multitude of surgical and nonsurgical options

for treating wounds, the correct intervention may seem to be

an overwhelming or daunting task. Accordingly, the authors

stress the importance of education on wound healing patho-

physiology and the available surgical and nonsurgical options.

Each wound must be carefully evaluated, categorized, and

finally treated.

Keywords: cutaneous wound, growth factors, inflammation,

proliferation, remodeling, acute, chronic, debridement

1.1 Goals and Objectives
● Understand the wound healing pathophysiology.
● Clearly define the characteristics of acute versus chronic

wounds.
● Appreciate the technical aspects of managing different types

of wounds.
● Know the evidence-based data on wound healing adjuncts.

1.2 Introduction

1.2.1 Overview

Wound healing is a complicated and intricate process, with sev-

eral phases of healing and wound types, requiring a thorough

understanding by plastic surgeons and practitioners alike to

yield the most satisfactory outcomes. Wounds may move from

an acute phase to the chronic type, requiring the physician to

intervene in order to bring these wounds back into a favorable

phase of the healing cascade. With a multitude of surgical and

nonsurgical options for treating wounds, the correct interven-

tion may seem to be an overwhelming or daunting task. The

authors stress the importance of education on wound healing

pathophysiology and the available surgical and nonsurgical

options. Each wound must be carefully evaluated, categorized,

and finally treated.

1.2.2 Clinical Challenge

Injury to the skin provides a unique challenge to clinicians, as

wound healing is a complex and intricate process. With more

than 6.5 million chronic skin ulcers caused by pressure, venous

stasis, or diabetes mellitus, it is no wonder why cutaneous

wound healing has become a topic of ongoing research and

debate worldwide.1 There are a multitude of options when

considering adjuncts or primary treatment of these wounds.

Cost-effectiveness is an important variable in treating these

wounds, as chronic wounds account for an estimated $6 to $15

billion annually in U.S. health care costs.2 There is tremendous

pressure on the medical system and clinicians to develop cost-

effective therapies.

There are a multitude of products available for the treatment

of chronic wounds beyond the standard surgical debridement.

Examples of these products include negative pressure wound

therapy, hyperbaric oxygen, biologic dressings, skin substitutes,

as well as growth factors and regenerative materials. The over-

whelming amount of wound dressings and adjuncts available in

the market implies a lack of full understanding of wound care

and management.3 The use of many of these adjuncts or mate-

rials is to improve upon specific wound characteristics to bring

it as close to “ideal” as possible. It is vital for the clinician to

have a thorough understanding of wound healing pathophysi-

ology, wound characteristics, as well as the importance of surgi-

cal intervention before applying any of the advanced therapies.

1.2.3 Growth Factors, Cytokines, and
Chemokines

Stanley Cohen’s experiment in which he noticed that the purifi-

cation of submaxillary gland extracts led to earlier eyelid sepa-

ration and eruption of the incisor in mice, eventually leading to

the isolation of the first growth factor, epidermal growth factor

(EGF), and the 1986 Nobel prize in Medicine.4 It was after this

discovery that knowledge of growth factors has increased rap-

idly. In only the past few decades, the discovery of growth fac-

tors has led to tremendous hope and speculation in regard to

their use in the treatment of wounds, particularly difficult-to-

heal or chronic wounds. The importance of growth factors,

cytokines, and chemokines in regulating the complex process of

wound healing has been studied extensively.5 In vitro experi-

ments have shown that growth factors are very effective in reg-

ulating cell proliferation, chemotaxis, and extracellular matrix

(ECM) formation. Of particular importance is the EGF family,

transforming growth factor-beta (TGF-β) family, fibroblast

growth factor (FGF) family, vascular endothelial growth factor

(VEGF) family, granulocyte macrophage colony-stimulating fac-

tor (GM-CSF), platelet-derived growth factor (PDGF), human

growth hormone, and the interleukin (IL) family. It was not

until further advances in recombinant technology became

available that large amounts of purified growth factors could be

obtained and tested in human clinical trials. Since this time, a

large number of trials have been performed to evaluate the

safety and effectiveness of growth factors in the healing of

chronic wounds, including pressure, diabetic, and venous insuf-

ficiency–related wounds.

Currently, growth factors have a limited role in clinical prac-

tice. In the United States, recombinant human (rh) PDGF-BB

(Regranex; Ortho-McNeil-Janssen Pharmaceuticals, Inc., Raritan,

NJ) is the only growth factor approved by the U.S. Food and Drug

Administration for use in chronic wounds. It has successfully

2



completed randomized clinical trials in the United States and is

available as a commercial product. In this brief discussion, we

will review wound-healing mechanics and considerations in

treatment, and mention different modalities for treatment. The

discussion will be ended with a perspective on the future of

growth factors in chronic wounds.

1.3 Wound Healing
Pathophysiology
Wound healing involves a complex set of simultaneous proc-

esses including activation of the inflammatory cascade, vascular

neogenesis, and cell proliferation. It is a set of interactions that

is still poorly understood.

With regard to cutaneous wound healing, scarring is the

body’s attempt at reestablishing homeostasis and preventing

infection. The tissue laid down in scarring is inherently differ-

ent than the skin that it replaces. Therefore, scarring is different

from wound healing of other organs, such as the liver or bone,

or that which occurs in fetal wound healing, which heals by

regeneration and re-creation of the same previously existing

tissue. It is critical to understand the differences in these heal-

ing processes, as well as the progression of each, so that we can

determine where we may intervene clinically to alter the body’s

response.

There are three phases of wound healing that are generally

cited: inflammation, proliferation, and remodeling phases

(▶ Fig. 1.1). While devitalized tissue is removed during the

inflammatory phase, new tissue is laid down in the proliferative

phase, and finally the structure of the scar is optimized during

the remodeling phase. The primary goals of the inflammatory

phase are ridding the newly created wound of bacteria and

dead tissue. At the same time, hemostasis is achieved. When

the wound is initially created, there are several processes occur-

ring at the same time including creation of a provisional matrix,

release of cells and growth factors from ongoing hemorrhage,

and initiation of the clotting cascade. These processes are inter-

active: as platelets clump to achieve hemostasis, they also

release PDGF and TGF-β). Exposed collagen and tissue factor

from the initial injury begin the clotting cascade, which ends in

the formation of a fibrin-based matrix. Inflammatory cells and

growth factors attach to this scaffold to create the proper milieu

for subsequent wound healing.

Inflammatory cells are attracted to the wound by TGF-β from

platelets, lipopolysaccharide from bacteria, and elements of the

clotting cascade.6 Neutrophils permeate the wound in the first

48 hours to remove dead tissue and destroy bacteria. Mono-

cytes enter the wound at 48 to 72 hours and become phagocy-

tosing macrophages. Interestingly, wound healing cannot

progress without the presence of macrophages, but it is able to

progress without neutrophils.7,8 Lymphocytes enter the wound

at days 5 to 7. Their role is not well defined, but they may ini-

tially play a role in the proliferative phase of wound healing.9

During the proliferative phase of wound healing, re-epi-

thelialization and granulation tissue formation occur. This

generally occurs from days 4 to 21 after injury. The provi-

sional matrix that was formed in the inflammatory phase is

replaced by ECM with type III collagen and blood vessels of

new granulation tissue. Macrophages release cytokines that

stimulate fibroblasts to lay down this new ECM and endo-

thelial cells form these new blood vessels. Eventually, as the

proliferative phase comes to an end, the fibroblasts and

blood vessels regress, although we require further research

into the regulation of this process.

The remodeling phase is characterized by the replacement of

type III collagen with type I collagen, as well as wound contrac-

tion by myofibroblasts. The wound strength changes over the

course of the remodeling phase. Wounds have only 20%

strength of normal skin at 3 weeks after injury, and will reach

70 to 80% strength of normal skin at 1 year.

1.4 Acute versus Chronic Wounds
Wounds that fail to progress through the normal stages of heal-

ing become chronic wounds. An acute wound is one that is

present up to 3 weeks, while a chronic wound is one that has

been present for greater than 2 to 3 weeks. These chronic

wounds remain a significant challenge and burden on U.S.

healthcare. Chronic wounds including venous stasis ulcers,

Fig. 1.1 Phases of wound healing. Note the

overlapping timeframe of these phases, as well as

important cell types.

Acute versus Chronic Wounds
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decubitus ulcers, and diabetic foot ulcers affect over 6 million

people in the United States. Despite treatment, the recurrence

of these wounds is high and costs the healthcare system billions

of dollars each year.10

Before determining treatment for a chronic wound, it is

important to elucidate the history of the wound and contribu-

ting risk factors. Factors that delay wound healing include infec-

tion, ischemia, smoking, necrotic tissues, venous stasis, edema,

diabetes, and steroids.

1.5 Factors Affecting Wound
Healing
Wounds are more susceptible to healing in a moist, clean, and

warm environment. A moist wound bed will allow growth fac-

tors and various cell types to migrate, facilitating wound edge

contraction. In order to create and maintain this environment,

appropriate dressings come into play as outlined in the follow-

ing section.

Bacterial contamination of wounds can prevent the normal

phases of wound healing from taking place by virtue of effects

on inflammation or by secretion of active proteases. For exam-

ple, platelet aggregation and hemostasis can be affected by bac-

teria.11 Leukocyte function is impaired by bacterial virulence

factors and length of inflammation is prolonged.12 The forma-

tion of granulation tissue may be impaired by the presence of

bacteria.13 Not all bacterial species are equal in their ability to

retard wound healing: beta-hemolytic streptococcus can pro-

duce wound healing complications at lower levels than other

organisms.11

With regard to ischemia, in vitro studies have demon-

strated that neutrophils and fibroblasts do not function

appropriately at low oxygen levels.14,15 Clinically, low subcu-

taneous oxygen tension of a wound has been shown to be a

predictor of surgical wound infections.16 Therefore, it is crit-

ical to optimize bloody supply, especially if the upper or

lower extremity is affected. Revascularization should be con-

sidered prior to any advanced surgical procedures, although

a debridement may be necessary earlier. Similarly, venous

stasis ulcers should be accompanied by compression therapy

along with debridement to optimize the outcome. Interest-

ingly, although tissue perfusion appears to be critical to

wound healing, low hemoglobin levels are not the normal

physiologic responses to anemia tend to restore normal oxy-

gen delivery despite low hemoglobin levels.17,18

Among the components of cigarettes that can impair wound

healing are nicotine, carbon monoxide, and hydrogen cyanide.19

In addition to being a vasoconstrictor, nicotine increases plate-

let aggregation, and impairs the proliferation of red blood cells,

fibroblasts, and macrophages. Carbon monoxide impairs oxy-

gen transport and metabolism, while cyanide inhibits oxidative

metabolism. The complications of wound healing in plastic sur-

gery caused by smoking are well documented in patients hav-

ing facelifts, breast reduction, breast reconstruction, and

abdominoplasty.20,21,22 Despite the clear benefits of smoking

cessation in surgical patients, the time period for cessation is

unclear. Some have recommended smoking cessation 4 weeks

prior to surgery, and 4 weeks after surgery.23

Diabetes can affect wound healing at both the macro and

micro levels. Diabetes is known to cause vascular disease

impairing blood flow and oxygen delivery to tissues.24 Hyper-

glycemia results in protein and enzymatic dysfunction leading

to inflammation.25 In addition, hyperglycemia results in altera-

tion of basement membrane permeability. Again, recommenda-

tions for perioperative glycemic control are unclear, but those

patients with levels greater than 200mg/dL generally have

worse outcomes.26

Steroids have been shown to impair epithelialization, colla-

gen formation, and the inflammatory process. The effect on

wound healing is likely clinically apparent only when taken

chronically within 30 days of surgery; steroids taken in the

acute phase likely have little effect on wound healing.27 In con-

trast, although chemotherapeutic drugs would logically impair

wound healing based on their ability to impair nucleic acid and

protein synthesis, as well as cell division, clinical studies have

not borne this out.28 Radiation causes DNA and protein damage,

vascular stasis and thrombosis, impaired fibroblast activity, and

in addition may cause clinically significant changes including

slower epithelialization, decreased tensile strength, and higher

dehiscence rates.29,30,31

Examination of chronic wounds should include depth of the

ulcer, size, presence of cellulitis, and other signs of infection.

Measurements should be performed weekly to determine heal-

ing progress. Decrease in wound size of 10 to 15% per week

indicates potential for normal healing. Gentle probing may be

utilized to determine if bone is present at the base of the

wound. If bone is present, there is a high likelihood of osteo-

myelitis. A thorough neurovascular exam should be docu-

mented including pulses, Doppler examination, and sensation

using Semmes-Weinstein filaments.10

1.6 Surgical Intervention and
Debridement
After appropriate assessment of a wound, it may be deemed

appropriate for a variety of debridement options: autolytic,

enzymatic, mechanical, or even larval therapy. Nonetheless,

surgical, or mechanical, debridement remains a mainstay in the

treatment of chronic or hard to treat wounds (▶ Fig. 1.2).

Through wound bed preparation, even complicated wounds

may effectively turn into acute wounds and proper cellular

responses induced to allow healing. If surgical intervention is to

be performed in an attempt to convert a chronic wound to an

acute one, nonviable tissue should be debrided thoroughly until

healthy, bleeding tissue is encountered. Multiple debridements

may be necessary if the extent of nonviable tissue is not clear

initially. The use of hydrosurgery devices has advanced the sur-

gical management of wounds, as it has become an option that

can control the depth of tissue removal more precisely, and

therefore spare more healthy tissue while still achieving

adequate debridement.32 Debridement of skin should be con-

tinued until pinpoint-bleeding tissue that blanches is encoun-

tered. Healthy fat will appear soft and shiny, while fascia and

tendon that is healthy will appear shiny and taut. Healthy bone

will be firm with cortical bleeding.10 Tissue cultures should be

sent for any debrided tissue.

Science and Principles
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1.7 Wound Dressings and Healing
Adjuncts
As discussed previously, wounds are more prone to healing in a

moist, clean, and warm environment. There are four basic prin-

ciples involved when choosing an optimal dressing type. If a

wound is dry or desiccated, it will need hydration. If a wound

produces excessive exudates, the fluid needs to be absorbed or

removed (▶ Fig. 1.3). If a wound has necrotic tissue or evident

debris, it will need a debridement. Lastly, if a wound is infected,

it will need to be treated with the appropriate antibacterial

agent. Other factors also important in choosing a dressing

include providing protection to the peri-wound skin, forming

an effective bacterial barrier, conforming to wound shape,

producing minimal pain during application and removal, being

free of toxic or irritant extractables, not releasing particles or

non-biodegradable fibers into the wound, and maintaining

the wound at an optimal temperature and pH. Each wound

needs a proper assessment of its characteristics and these needs

can be met with a corresponding dressing that fits the situation

(Box 1.1). It is important to remember that wound environments

change and dressings should be changed accordingly.

Fig. 1.2 Surgical, or mechanical, debridement of

a chronic knee wound in order to remove

nonviable tissues (eschar).

Fig. 1.3 (a) A chronic open wound on the thigh

with excessive exudates. (b) The wound is

covered with a hydrofiber dressing to absorb

exudates and optimize the healing environment.

Wound Dressings and Healing Adjuncts
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Box 1.1 Characteristics of an Ideal Dressing

● Creates a moist, clean, warm environment.

● Provides hydration if dry or desiccated.

● Removes excess exudates.

● Prevents desiccation and is nontraumatic.

● Provides protection to the peri-wound area.

● Allows for gaseous exchange.

● Impermeable to microorganisms.

● Free of toxic or irritant particles.

● Can conform to wound shape.

● Minimal pain during application and removal.

● Easy to use.

● Cost-effective.

There are various adjuncts in the form of wound dressings or

advanced wound dressings that are available in the market to

aid in human healing. Negative pressure wound therapy, for

example, has undoubtedly revolutionized wound management

and proven beneficial for a variety of wounds (▶ Fig. 1.4). Other

modalities, such as hyperbaric oxygen, biologic dressings, skin

substitutes, and regenerative materials, have also proven effica-

cious in advancing the wound healing process through a variety

of mechanisms. Due to the sheer number of wound dressings

available on the market, it can be implied that there is no easy

way to get chronic wounds to heal. Few high-quality, random-

ized controlled trials evaluating wound dressings exist and do

not clearly demonstrate superiority of many materials or cate-

gories over one another.3 Nonetheless, medical and physiologic

optimization of patients and surgical means of treating wounds

in the form of debridement, revascularization, or a multitude of

grafting techniques continues to be the mainstay of chronic

wound treatment in the current day and age.

1.8 General Concepts of Growth
Factor Therapy
Wound healing has been well described in the literature with

regard to its division into three distinct phases: inflammation,

proliferation, and maturation. Within these three general

phases occurs a series of complex cellular and molecular events

with a great degree of overlap and interdependence.33 Growth

factors are fundamental in this process and have been well

studied over the past several decades.5 These factors affect

selected target cells or tissues in various ways, including stimu-

lating chemotaxis and cellular proliferation, cellular activation

and cytokine production, affecting cellular migration, control-

ling ECM formation, angiogenesis, regulating wound contrac-

tion, and also in reestablishing tissue integrity. Specific details

of growth factors, including origin, selected targets, and actions

may be found in a multitude of published materials and will not

be discussed in this chapter.

Growth factors are involved early in the wound healing proc-

ess and are released as soon as blood vessels are injured or dis-

rupted. As platelets enter a wound, several growth factors are

released including PDGF as well as TGF-β1. These growth fac-

tors, among others, are important in chemotaxis for numerous

cell types critical for the wound reparative process, including

neutrophils, macrophages, fibroblasts, and endothelial cells. In

the next phase of wound healing, proliferation, multiple growth

factors including VEGF, FGF, PDGF, and certain TGF-β isoforms

promote robust angiogenesis and the synthesis of key extracel-

lular components via fibroblasts. These extracellular compo-

nents include fibronectin, elastin, proteoglycans, and collagen.

Growth factors are also involved in the late stages of wound

healing, or remodeling, along with various matrix-degrading

metalloproteinases (MMPs). It is unlikely that growth factor

influence on tissue homeostasis ends after tissue remodeling;

they have also been postulated to be important in the mainte-

nance of tissue integrity as well as cell-to-cell communications

in the postoperative period.

Growth factors for wounds may be applied locally (or topi-

cally). Some come in the form of gels that are applied directly to

the wound, such as rhPGDG. Growth factors can also be incor-

porated into wound dressings or commercially available skin

grafts. In certain cases, growth factors may also be injected, an

example being palifermin, a type of endothelial/keratinocyte

growth factor, indicated for the prevention of oral mucositis in

patients receiving radiation therapy.

It is important to note that the current nomenclature of

growth factors is not altogether intuitive. The names of various

factors do not necessarily have to do with their specific effects

but rather the circumstances in which they were identified. For

example, FGFs are very potent angiogenic factors, and PDGFs

are actually derived from various cell types including platelets,

macrophages, neutrophils, as well as smooth muscle cells. The

term “growth factor” is also used as an umbrella term to

indicate various substances that increase cell proliferation,

Fig. 1.4 (a) A chronic ischial wound after surgical

debridement; note exposed periosteum. (b) After

placement of negative-pressure wound therapy

to induce granulation prior to further surgical

attempts for coverage.

Science and Principles
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mitogenic activity, and ECM formation. The actual category,

whether growth factor, IL, or colony-stimulating factor, gener-

ally depends on whether it was identified by a biochemist, an

immunologist, or a hematologist, respectively.

1.9 The Future of Wound Healing
Substantial progress has been made with regard to the use of

growth factors and treatment of chronic wounds. There have

been no serious safety issues that have arisen, as systemic

absorption appears to be minimal and no negative local effects

have been reported. There have been no reports of cancer at the

site of application, fibrosis, or worsening of diabetic retinop-

athy. It is undisputable that growth factors are vital for the nor-

mal wound healing process. Although many of them have been

proposed for exogenous administration to acute or chronic

wounds, only one (PDGF) is currently used to treat both chronic

and acute wounds and burns, and that too with limited success.

At this point in time, much still remains to be done in regard to

the use of growth factors and wound healing. Delivery system

of these peptides used in the clinical trials described may not

have allowed sufficient peptides to reach the target cells and

tissues. It is well known that the microenvironment of chronic

wounds can be very hostile, and breakdown of these peptides

by residing proteases is very likely. The success of PDGF in dia-

betic ulcers as shown in several trials may be secondary to the

fact that the biologic activity of these peptides may persist in

the wound microenvironment.34 Another important considera-

tion in the use of these topical growth factors is the state of the

resident cells in a chronic wound environment. There is evi-

dence that fibroblasts from chronic wounds are not able to

respond to certain growth factors.35 Removal of tissues, via

debridement, has been advocated for the use of PDGF in dia-

betic ulcers, and may help remove these unresponsive cells and

allow the peptides to function as they “normally”would.36

As the role and delivery of growth factor therapy continues

to develop, several other modalities have been described. Gene

therapy may prove to be ideal for wounds, as peptides would

be viable only for a short period of time in many of these

wounds. Another development that has pushed the envelope

for delivery is the use of bioengineered skin products and skin

substitutes. Some of these materials supply matrix materials

alone, while others contain living cells that may adjust to the

wound microenvironment and provide growth factors and other

substances that may be lacking in the chronic wounds.37,38 It is

unclear how long the transplanted cells survive in the wound,

but it is postulated that they may remain there long enough to

stimulate and accelerate wound healing. Bioengineered products

may help provide growth factors in the right concentration and

sequence. This has been difficult to achieve with topical applica-

tion of recombinant growth factors. In the future, these bioengi-

neered skin products will be engineered to deliver certain

growth factors in large quantities and in a timely manner in

order to render growth factor therapy more effective.

1.10 Conclusion
Wound healing in any tissue of the human body undergoes a

predictable sequence of events: inflammation, proliferation,

and wound remodeling. A thorough understanding of wound

healing at the cellular level is of vital importance. Acute wounds

have the potential to move from the acute wound to chronic

wounds, requiring the clinician to be knowledgeable of outside

interventions to bring these wounds back into the healing cas-

cade. Wound characteristics, such as edema, exudates, bacterial

burden, nonviable tissue, will dictate the intervention and/or

debridement. Each wound must be carefully evaluated, catego-

rized, and eventually treated. The importance of identifying the

need for debridement, whether surgical or nonsurgical, cannot

be overstated. There is an overwhelming number of wound

healing adjuncts and interactive dressings on the market,

implying a lack of full understanding in treating these wounds.

Also, despite the many advances in understanding the science

of wound healing and the potential role of supplementing

growth factors, there are many more steps that have yet to be

discovered or elucidated. It is important for clinicians to have a

broad understanding of the sequence of events, cells involved,

and important mediators which may allow for healing optimi-

zation. Although growth factors may seem basic in concept,

advances in molecular science have allowed modern-day clini-

cians to appreciate the complex interplay between the many

cells involved in the different phases of wound healing. As

greater understanding of the growth factors in wound healing

emerges, including delivery vehicles and optimal time of deliv-

ery, future patient care may involve more direct or timely care

for wounds and an overall positive impact on healthcare costs

associated with this process. Until further data solidify the use

of growth factors for treatment of difficult wounds, clinicians

must not overlook surgical options as they have and always will

remain an important modality for chronic wounds.

1.11 Review Questions

1.11.1 True or False

1. The three phases of wound healing in order are proliferation,

inflammation, remodeling.

2. The remodeling phase of wound healing is characterized by

the replacement of type III collagen with type I collagen.

3. In addition to being a vasoconstrictor, nicotine increases

platelet aggregation, and impairs the proliferation of red

blood cells, fibroblasts, and macrophages.

1.11.2 Choose the Best Answer

4. Lymphocytes begin to permeate an acute wound during the

normal wound-healing cascade during which period?

a) Days 1–3.

b) Days 3–5.

c) Days 5–7.

d) Weeks 3–5.

5. After appropriate assessment of a wound, it may be deemed

appropriate for a variety of debridement options, including

a) Autolytic.

b) Enzymatic.

c) Mechanical.

d) Larval.

e) All of the above.

Review Questions
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1.11.3 Answers

1. False.

2. True.

3. True.

4. c. Days 5–7.

5. e. All of the above.
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2 Hand and Upper Extremity Anatomy
Loretta Coady-Fariborzian and Winston Richards

Abstract

This chapter discusses in detail the twenty-seven bones, the lig-

aments, and the tendons that comprise the hand and wrist. Of

special importance is the discussion listing the diagnostic requi-

sites for a proper evaluation of wrist injuries, including frac-

tures. In addition to bones, ligaments, and tendons, all other

elements of hand and wrist anatomy—blood supply, the finger-

tip, nerves, skin—are discussed, thus providing a thorough

treatment of every component in the anatomical structure.

Keywords: extensor zone, flexor zone, scaphoid, metacarpal,

fingertip

2.1 Goals and Objectives
● Name the bones in the hand and wrist and identify them on a

plain film.
● Describe the extensor and flexor zones of the hand.
● Describe the blood supply and innervation to the hand.
● Be able to diagnose a structural injury based on known

anatomy.

2.2 Pertinent Information

2.2.1 Bones and Ligaments of the
Forearm, Wrist, and Hand

The hand and wrist has a total of 27 bones. The wrist is made of

the distal ends of the radius and ulna, the eight carpal bones,

and the proximal ends of the five metacarpals. The carpal bones

consist of two rows of four bones each. The proximal row

includes radial to ulnar, the scaphoid, lunate, triquetrum, and

pisiform (▶ Fig. 2.1). The distal row includes radial to ulnar, tra-

pezium, trapezoid, capitate, and hamate. The proximal carpal

row is considered intercalated because no tendons insert on

them and their motion depends on their surrounding articula-

tions. The distal row is connected to each other by short inter-

carpal ligaments, resulting in negligible motion between them.

The extrinsic carpal ligaments connect the distal radius and

ulna to the carpal bones. The intrinsic ligaments have their ori-

gins and insertions within the carpal bones. When a surgeon

wants to enter the wrist joint, he makes a dorsal “ligament

sparing” incision, which looks like a radially based “V.” This

incision splits the dorsal radiotriquetral (radiocarpal) ligament

and the dorsal intercarpal ligament. These ligaments are felt to

play an important role in stabilizing the proximal carpal row.

Palpable landmarks are the sulcus between the scaphoid and

trapezoid, the dorsal tubercle of the triquetrum, and the mid-

point between Lister’s tubercle and the dorsal rim of the sig-

moid notch (▶ Fig. 2.2).1

The two most important intrinsic ligaments are the scapholu-

nate and lunotriquetral ligaments. The scapholunate ligament is

made of a thin volar, a proximal, and a dorsal portion. The dor-

sal ligament is the thickest, strongest, and most critical scapho-

lunate stabilizer. The radioscaphocapitate and scaphotrapezial

ligaments are secondary stabilizers of the scapholunate articu-

lation. The “dart throwing motion” is felt to be the most

frequently used wrist motion in activities of daily living. The

biomechanics is the radiodorsal/ulnopalmar motion of the

midcarpal joint and concerns the scaphocapitate and scaphoid-

trapezium-trapezoid (STT) ligament.2

When evaluating for bone or ligament injuries to the wrist,

four X-ray views of the wrist are needed: posteroanterior (PA),

lateral, scaphoid (PA in ulnar deviation), and 45 degree semi-

pronated oblique. A PA view of the wrist should show three

smooth radiographic arcs, known as Gilula’s lines (▶ Fig. 2.3).

Bone articulations normally have apposing parallel surfaces

separated by 2mm or less. A step off or discontinuity of Gilula’s

lines, carpal overlap, or unusually wide distances between

bones suggests an injury. A normal lateral view shows the

radius, lunate, capitate, and third metacarpal lined up vertically.

Angles frequently used to evaluate carpal stability are the capi-

tolunate, scapholunate, and radiolunate angles, based on the

lateral view (▶ Fig. 2.4). The capitolunate angle is measured by

drawing a line perpendicular through a line connecting the pal-

mar and dorsal tips of the lunate. This is compared to the capi-

tate axis. The normal capitolunate (CL) axis is 0 ± 15 degrees.

The scaphoid is represented by a line that connects the two

proximal and distal convexities of the palmar aspect of the

bone. The normal scapholunate (SL) angle is 47 degrees (range:

30–60). The axis of the radius is found by drawing a perpendic-

ular through its distal third. The RL should be 0 ± 15 degrees. A

dorsal tilt of the lunate “spilled teacup” suggests dorsal interca-

lated segment instability (DISI), found in scapholunate ligament

injuries. The scaphoid shift (“Watson”) test is performed by plac-

ing pressure over the volar scaphoid while the wrist is moved

from the ulnar to radial direction. The unrestrained scaphoid will

temporarily shift out of the scaphoid fossa on the radius. A dis-

ruption of the scaphoid from the lunate may cause the scaphoid

to tilt volarly and the lunate to turn dorsally. This does not

always happen, if the secondary stabilizers remain intact. A volar

tilt suggests volar intercalated segment instability (VISI), found in

lunotriquetral injuries. A disruption of the triquetrum from the

scaphoid will cause the triquetrum to turn dorsally and the

lunate, still attached to the scaphoid, to turn volarly.3

When the scapholunate ligament has been disrupted and the

proximal pole of the scaphoid subluxes dorsoradially, the forces

across the radiocarpal joint are abnormally distributed, leading

to degenerative changes over time. The progression of changes

involves first the articulation between the radial styloid and

scaphoid, followed by the entire radioscaphoid, then the capito-

lunate joint. This pattern is known as scapholunate advanced

collapse wrist. The radiolunate joint is seldom affected because

it remains in contact with normal cartilage due to the restrain-

ing effect of the short radiolunate ligament.3

2.3 Wrist and Hand Fractures
The scaphoid (navicular) bone is the most commonly fractured

carpal bone. The scaphoid has five articulating surfaces and is
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nearly entirely covered by cartilage. It is the link between the

proximal and distal carpal rows and has multiple ligamentous

attachments from where it receives its blood supply. The blood

supply enters distally. The proximal pole is dependent on an

interosseous blood supply, which makes it vulnerable to avas-

cular necrosis, particularly when fractures involve the proximal

third.3 In the authors’ opinion, these are best referred to an

experienced wrist surgeon due to the progressive arthritis and

dysfunction that can result from nonunions, known as scaphoid

nonunion advanced collapse (SNAC).

Fractures of the carpal bones other than the scaphoid are rare

and make up 1.1% of all fractures. The more common of those

fractures will be discussed. When initial X-rays are negative,

but suspicion is high, a computed tomographic (CT) scan is

appropriate. Triquetral fractures are the second most common

carpal fracture and come in three varieties: dorsal cortical, tri-

quetral body, and volar avulsion. The most common is the dor-

sal cortical, which is treated with splinting for 3 to 4 weeks.4

The trapezium is the next most commonly fractured carpal.

The vertical intra-articular fracture is the most common pattern

and frequently accompanies the Bennett fracture. Nondisplaced

fractures are treated in a thumb spica splint; younger, active

patients are best treated with reduction by an open or closed

approach to minimize future carpometacarpal (CMC) or STT

arthritis.4

Hamate fractures may involve the hook or the body. Hook

fractures are classically described in golfers, baseball players,

and racket sport athletes. This may present with ulnar nerve

symptoms. A carpal tunnel view on plain films or CT can secure

the diagnosis. The blood supply to the distal hook is poor with a

Fig. 2.1 Carpal bones.

Fig. 2.2 Palpable landmarks for ligament sparing incision.

Fig. 2.3 Gilula’s lines.
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healing rate of 50%. Excision is a reasonable treatment option

with no adverse effects to grip or motion. Nondisplaced body

fractures can be splinted. A direct blow, repetitive trauma, or

sudden contraction of the flexor carpi ulnaris (FCU) can cause a

pisiform fracture. Splinting can be successful in nondisplaced

fractures. Displaced fractures or nonunions can be treated with

excision, with no resulting loss of mobility.4

The first CMC joint is unique to humans, allowing opposition

and prehension, but hastening the development of arthritic

changes. The CMC joint is a biconcave–convex saddle joint, with

five articular surfaces and minimal bony constraint. Sixteen lig-

aments have been described that stabilize the trapezium. Com-

pressive forces magnify greater than 13 times from the

fingertip to the trapeziometacarpal joint. Osteoarthritic lesions

are first found palmarly on the joint. Degeneration of the poste-

rior oblique ligament has been linked to the development of

arthritis when incompetence of the ligament allows abnormal

dorsal translation of the metacarpal on the trapezium.3 The

CMC is best viewed by the Roberts technique (thumb AP),

where the forearm is maximally pronated and the dorsum of

the thumb rests on the X-ray cassette (▶ Fig. 2.5).

The five metacarpal bones each articulate with the carpus. A

rigid ligament connection exists between the trapezoid and

capitate and the second and third metacarpals that allow for

very little mobility. Fracture dislocations are rare and tend to

involve significant force (▶ Fig. 2.6). There is greater mobility at

the articular surfaces of the fourth and fifth metacarpals, which

allows for greater deformity to be accepted when evaluating a

fourth or fifth metacarpal fracture. Metacarpal fractures, partic-

ularly central ones, are biologically splinted by the intermeta-

carpal ligaments and interosseous muscles.5 Patients must be

examined for rotational deformity upon digital flexion. If non-

operative treatment is chosen, repeat films must be performed,

particularly of spiral or oblique fractures, to verify alignment is

maintained. Fractures of multiple adjacent metacarpals are less

stable and a lower threshold for surgical fixation is indicated.

Fractures of the metacarpal neck, also known as “boxer’s”

fractures, are among the most common hand fractures. This is

really a “brawler’s” fracture since a skilled boxer does not tend

to have this fracture pattern. The fifth metacarpal is tolerant of

the apex-dorsal deformity and up to 70 degrees of angulation

may be compensated for in the fifth metacarpal carpal joint. In

comparison, only 10 degrees of angulation is tolerated in the

second and third rays. The Jahss reduction maneuver involves

flexing the metacarpophalangeal (MCP) joint, proximal inter-

phalangeal (PIP) joint, and distal interphalangeal (DIP) joint and

using the proximal phalanx to push the metacarpal head dor-

sally.5 This may be difficult to do successfully without sedation.

It is the authors’ opinion that patients who tend to present with

“boxer’s” fractures are usually poor surgical candidates for the

same reason they sustained the injury and are often unreliable

with pin care, splinting, and follow-up.

Intra-articular fractures of the first metacarpal are known as

Bennett’s and Rolando’s fractures. Bennett’s fractures are avul-

sions of the ulnar metacarpal base. The abductor pollicis longus

tendon pulls the shaft proximally, displacing the fracture. A

Rolando fracture is a comminuted intra-articular fracture of the

proximal first metacarpal. Surgical reduction and fixation is

often required for both these unstable fracture patterns.5

There are 14 phalangeal bones. Nondisplaced distal phalanx

and comminuted tuft fractures are most often treated with

splinting until tenderness resolves. Minimally displaced, stable,

extra-articular fractures of the middle and proximal phalanx

may be treated with buddy taping in a compliant patient. Trans-

verse proximal phalanx fractures are unstable and usually best

treated with close reduction and internal fixation with a longi-

tudinal pin. We try to minimize open reduction and plate fixa-

tion of the middle and proximal phalanx due to the adhesions

that can develop between the plate and tendons.

The PIP joint is central to digit function, having up to 120

degrees of mobility. The PIP joint has been described as the

“anatomical and functional locus of finger function.”3 It is a

hinge, or ginglymus, joint that resists lateral and rotary stress.

The joint has a “ligament-box” configuration that resists PIP dis-

placement (▶ Fig. 2.7). The collateral ligaments originate on the

lateral aspect of each proximal phalanx condyle. The proper lig-

ament inserts on the volar one-third of the base of the middle

Fig. 2.4 Lateral wrist view with scaphoid, lunate, capitate, radius lines.
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phalanx and the accessory ligament inserts more volarly on the

volar plate. The volar plate forms the floor of the joint. Disrup-

tion in at least two planes has to take place for displacement of

the middle phalanx to occur. Dislocations can usually be treated

with reduction and either dorsal splinting or buddy taping.

Fracture dislocations or pilon fractures are beyond the scope of

this chapter, but can be treated with a variety of options, from

extension block splinting to hemi-hamate arthroplasty,

depending on the fracture pattern and surgeon experience.6

The MCP joint (digits 2–5) forms a condyloid joint. The head

is narrow dorsally and wider volary, which creates more con-

tact with the proximal phalanx with greater flexion. The collat-

eral ligaments are more taut in flexion (the “cam effect”),

allowing less abduction and adduction, compared with full ex-

tension. The MP joints are well protected from injury due to

their surrounding support structures (flexor and extensor ten-

dons, volar plate, and intervolar plate ligaments) and location

at the base of the fingers.3 Dislocation of the MP joints is rare,

but when they occur, they most frequently are a dorsal disloca-

tion of the index finger due to a forced hyperextension. The

volar plate is disrupted proximally, the flexor tendons are found

ulnarly, and the lumbricals found radially. The radial digital

nerve is superficial and at risk of injury during open reduction.6

The mobility of the thumb MCP joint is the most variable of

any joint in the body due to the curvature of the metacarpal

heads. The joint is supported laterally by the proper collateral

ligaments that originate from the lateral condyles of the proxi-

mal phalanx and insert on the volar third of the proximal pha-

lanx. The accessory collateral ligaments originate from a more

volar position on the metacarpal head and insert on the volar

plate and sesamoids. The floor of the joint is formed by the

Fig. 2.5 Robert’s view of thumb.

Fig. 2.6 Dislocated carpometacarpal joints.
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volar plate. The proper collaterals are tight in flexion and loose

in extension; the accessory collaterals are tight in extension

and loose in flexion. Injuries to the ulnar collateral ligament

(UCL) are 10 times more common than to the radial collateral

ligaments and are a well-known skiing-related injury. The

adductor aponeurosis can become interposed between a

distally avulsed UCL and its insertion (Stener’s lesion), making

adequate ligament healing impossible without surgical inter-

vention.3

2.3.1 Blood Supply

The hand is supplied by the ulnar artery and the radial artery

that originate in the proximal forearm. The ulnar artery contin-

ues as the superficial palmar arch and the radial artery contin-

ues as the deep palmar arch. An interosseous median artery is a

major contributing vessel in 5% of people. An arch is called

“complete” when it connects with a branch from another inde-

pendent artery. The superficial palmar arch is complete in

78.5% of patients; the deep palmar arch is complete in 97% of

patients.7 There are three common digital arteries found at the

second, third, and fourth web spaces at the level of the MCP

joints. The common digital vessels branch into radial digital and

ulnar digital vessels. Up to 98.5 % of extremities have all five

digits receiving arterial inflow at the level of the proper digital

or common digital artery from both the deep and superficial

arches.3 The ulnar digital artery to the small finger and the

radial digital artery to the thumb and index finger tend to be of

smaller caliber than the parallel digital artery. This is relevant

in a trauma setting when it is more time efficient to concen-

trate efforts on the larger vessel.

There are consistently four vessels that supply the thumb:

the palmar ulnar, palmar radial, dorsal ulnar, and dorsal

radial arteries. The palmar blood supply to the thumb arises

from the first of four palmar metacarpal arteries, designated

as the “princeps pollicis” artery. The princeps pollicis may

arise from the first dorsal metacarpal artery, the deep arch,

the first palmar metacarpal artery, or the terminal branch of

the superficial palmar arch. Several anastomotic connections

have been found between the radial and ulnar digital

arteries and between the dorsal and palmar systems on

cadaveric dissections, which allow for thumb survival after

severe vascular injury and provide multiple alternatives in

flap designs.8 Identification of the ulnar artery as the larger

artery and originator of the superficial palmar arch led to

the conclusion that the ulnar artery is the dominant artery.

Subsequent studies found that the radial artery is more

important to digital blood flow, with 20% of hands losing

pulsatile blood flow to the digits with radial artery compres-

sion at the wrist, compared with 5% of hands with ulnar

artery compression.9

The Allen test was originally described in 1929. The patient

closes the hand tightly for 1minute or until blanching of all dig-

its occurs while the examiner occludes both arteries. The pa-

tient extends the fingers and one artery is released. The return

of color to the hand indicates an intact circulation from that

artery. There have been reports of preoperative Allen’s test

being poor predictors of postoperative perfusion after radial

artery harvest or cannulation.10 It is the authors’ practice to

occlude the radial artery with an Acland clamp and listen for

perfusion through the common digital vessels prior to proceed-

ing with a radial forearm free or pedicle flap.

Isolated injuries to the radial or ulnar artery do not usually

produce critical ischemia or impaired function. Flow will

increase through the intact parallel vessel over time. Recon-

struction should be considered for improving nerve recovery,

diminishing cold intolerance (particularly in colder climates),

anticipating future injuries, or to facilitate healing.3 If ischemia

has been ruled out, reconstruction can be performed in a non-

emergent setting.

2.3.2 Fingertip

The fingertip is a specialized structure that allows for fine

motor activity, sensation, and contributes to aesthetics. The nail

complex is divided into the nail bed, nail plate, and eponychium

(cuticle), paronychium, and hyponychium (▶ Fig. 2.8). The nail

bed consists of the proximal germinal matrix and the distal

sterile matrix. The lunula is the white moon-shaped structure

that is the junction between the germinal and sterile matrix.

The germinal matrix produces ungula keratin. The sterile

matrix provides nail plate adherence. Injury or destruction of

the germinal matrix will prevent nail growth. An injury or scar

to the sterile matrix will create problems with nail plate adher-

ence. The eponychium forms the proximal border and the paro-

nychium forms the lateral soft tissue border of the nail. The

Fig. 2.7 Capsular ligaments of the proximal

interphalangeal joint. A2 pulley, C1 pulley, A3

pulley, A4 pulley. From Schmidt HM, Ulrich L.

Surgical Anatomy of the Hand. Stuttgart: Thieme;

2004.
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dorsal roof, just under the eponychium gives the nail plate its

shine. The hyponychium is a plug of keratinous material located

just under the distal edge of the nail where the nail bed meets

the skin.11 Rate of nail growth averages 0.1mm/day, or 2 to

3mm per month. There is a delay of new growth for 3 to 4

weeks after removal of the nail for nail bed repair.3

Deep papillary ridges that produce fingerprints are found on

the epidermis of the fingertip. The blood and nerve supply to

the fingertip divides near the level of the DIP joint. The proper

digital arteries send branches to the nail fold, nail bed, and pulp.

The digital nerves send branches to the paronychium, fingertip,

and pulp.11

2.3.3 Flexor Tendons

The flexor tendon system is divided into five zones (▶ Fig. 2.9).

Zone 1 involves only the flexor digitorum profundus (FDP) and

extends from the insertion of the flexor digitorum superficialis

at the level of the middle phalanx to the FDP insertion on the

distal phalanx. Zone 2 is known as “no man’s land” and extends

from the A1 pulley to the insertion of the FDS tendon. This zone

is notorious for being more challenging for both tendon repair

and rehabilitation. Zone 3 is at the level of the superficial

palmar arch and is where the lumbricals originate from the FDP

tendons. Zone 4 is where the flexor tendons are within the

carpal tunnel. Zone 5 is the distal forearm, a more desirable

location for tendon repair.

The flexor digitorum superficialis muscle belly has two heads

of origin: one ulnar and one radial. It lies deep to the wrist flex-

ors (FCU, flexor carpi radialis, and palmaris longus) and the pro-

nator teres. It lies superficial to the FDP and flexor pollicis

longus muscle bellies. The FDS divides at the level of the mid

forearm into the superficial and deep layers. The superficial

layer sends tendons to the middle and ring fingers; the deep

layer sends tendons to the index and small fingers. The FDS to

the small finger is not consistently present in all individuals.

The FDS muscle is innervated by the median nerve and receives

its blood supply from the ulnar and radial arteries.3

The FDP muscle belly originates from the proximal ulna and

interosseous membrane. It lies deep to the FDS muscle belly

and adjacent to the FPL muscle belly in the forearm. The ten-

dons usually arise from a common muscle belly, except for the

FDP to the index finger. The muscle is supplied predominantly

by the ulnar artery. The ulnar nerve innervates the muscle ten-

don units to the ring and small fingers; the anterior inteross-

eous branch of the median nerve innervates the muscle tendon

units to the index and middle fingers.3

The FPL tendon originates from the radius and interosseous

membrane. It is innervated by the anterior interosseous nerve

and supplied predominantly by the radial artery.3

All nine flexor tendons are found in the carpal tunnel. The

FPL is most radial, the four FDPs are most deep. The FDS ten-

dons to the index and small fingers are superficial to the FDP

tendons. FDS tendons to the middle and ring finger are most

superficial.3

Fig. 2.8 Fingertip anatomy. Fig. 2.9 Flexor zones.
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After the FDS tendon passes through the A1 pulley, it splits

around the FDP tendon and rejoins deep to the FDP at the distal

end of the proximal phalanx (known as Camper’s chiasm), and

then inserts as two separate slips onto the volar middle phalanx.3

The flexor sheath is located at flexor zones 1 and 2. The ten-

dons are covered by two thin layers of paratenon (visceral and

parietal) within this sheath, which allows for smooth gliding of

the tendons. The parietal paratenon allows for passive nutrient

delivery to the flexor tendons via diffusion. There is also a direct

arterial supply to the flexor tendons through the vincular system

at the middle and distal phalanges.3 The vinculum vessels can be

found approaching the tendon dorsally, and may prevent more

proximal tendon retraction in the event of a tendon laceration.

The pulleys are fibrous tissue condensations that encircle the

flexor tendons, keeping them adjacent to the phalanges, ena-

bling efficient transfer of force from the muscle tendon unit to

the phalanges (▶ Fig. 2.10). There are five annular (A1–A5) and

three cruciate (C1–C3) pulleys, named in descending order,

proximally to distally. The A2 and A4 pulleys insert directly into

bone and are found over the proximal and middle phalanges,

respectively. The A1, A3, A5 pulleys are located over the MCP,

PIP, and DIP joints. The cruciate pulleys lie between the A2–A3,

A3–A4, and A4–A5 pulleys. The palmar aponeurotic (PA) pulley

lies proximal to the A1 pulley and forms an arch over the flexor

tendons. The thumb historically has three pulleys: the A1 lies

over the MCP joint, the oblique pulley lies over the proximal

phalanx, and the A2 pulley is located over the IP joint. A fourth

pulley (annular pulley) has been more recently found in

continuity with the A1 pulley.12

The A2 and A4 pulleys have traditionally been thought to be

most important to prevent bowstringing. Studies have found

that 25% of the A2 pulley, up to 75% of the A4, and 25% of com-

bined A2 and A4 pulleys can be excised without significantly

affecting motion or work of flexion. Partial A2 and A4 pulley

excision may be helpful to facilitate tendon gliding after tendon

repair. Isolated removal of the thumb A1 or oblique pulleys did

not create significant bowstringing; either one or the other

must remain intact.12

Closed pulley rupture can happen when a sudden load is

placed on the finger flexors, while the DIP joint is hyperex-

tended and the PIP joint is flexed (“crimp” position). This has

been classically described in rock climbers, but has been noted

in pitchers when throwing a fast ball. This presents as pain,

swelling, and ecchymosis over the digit, associated with loss of

grip strength and full flexion.12 The A4 pulley can be completely

vented, if necessary, to facilitate repair and rehabilitation.13

2.3.4 Extensor Tendons

The extensor tendons are divided into nine zones (▶ Fig. 2.11).

Classification allows better communication and treatment plan-

ning among surgeons and hand therapists. Injuries at the vari-

ous zones have different implications for surgery and therapy.

Zone 1 is over the DIP joints, Zone 2 is over the middle phalanx,

Zone 3 is over the PIP joint, Zone 4 is over the proximal pha-

lanx, Zone 5 is over the MCP joints, Zone 6 is over the metacar-

pals, Zone 7 is over the carpus, Zone 8 is over the distal

forearm, and zone 9 is over the proximal forearm. The thumb is

Fig. 2.10 The pulley system of the digital flexor

tendon sheaths. (a) Lateral view in extension.

A1A5, Anular pulleys; C1C3, cruciform pulleys.

The undulating course of the flexor tendons

corresponds to the palmar contour of the bones

of the finger. (b) Lateral view in flexion. The flexor

tendons describe a harmonious curve, and the

pulleys are drawn closer together. (c) Bow-

stringing due to rupture of the A1 and A2 pulleys.

The increased distance of the flexor tendons from

the pivot point of the metacarpophalangeal joint

increases the force of flexion in this joint and

exhausts the tendon s available gliding

amplitude. The effect of the extensors

predominates at the middle interphalangeal

joint. From Schmidt HM, Ulrich L. Surgical

Anatomy of the Hand. Stuttgart: Thieme; 2004.
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classified as T1 over the IP joint, T2 over the proximal phalanx,

T3 over the MCP joint, and T4 over the metacarpal.

The wrist extensors originate at the lateral epicondyle and

include the extensor carpi radialis brevis (ECRB), extensor carpi

radialis longus (ECRL), and the extensor carpi ulnaris (ECU). The

finger and thumb extensors include the abductor pollicis longus

(APL), extensor pollicis brevis (EPB), extensor pollicis longus

(EPL), extensor digitorum communis (EDC), extensor digiti min-

imi (EDM), and extensor indicis proprius (EIP). They originate at

the lateral epicondyle, proximal radius, proximal ulna, and

interosseous membrane. The tendons arise 3 to 4 cm proximal

to the wrist joint, except for the EIP, whose muscle belly

extends to or distal to the wrist joint.3

Six extensor compartments are found under the extensor ret-

inaculum at the level of the dorsal wrist, numbered radial to

ulnar. The first dorsal compartment has the APL (inserting on

the first metacarpal) and EPB (inserting to the first proximal

phalanx) tendons. This is the compartment affected by de Quer-

vain’s disease. Multiple slips of the APL and/or a separate com-

partment for the EPB tendon make conservative therapy less

likely to be successful. The second dorsal compartment contains

the radial wrist flexors, ECRL (inserting on the base of the sec-

ond MC), and ECRB (inserting to the base of the third MC). This

is the compartment affected by intersection syndrome. It is

experienced more proximally, but is released here. The third

dorsal compartment contains the EPL tendon, which inserts on

the base of the thumb distal phalanx. High pressures within this

compartment due to a closed distal radius fracture can result in

delayed rupture of this tendon. The fourth dorsal compartment

contains the EDC and EIP tendons. The posterior interosseous

nerve to the wrist joint is found deep to this compartment. The

fifth dorsal compartment contains the EIP tendon. The six dor-

sal compartment contains the ulnar wrist extensor, ECU (inserts

on the base of the fifth MC).3

Human beings are made with several “spare parts” and

redundancy within the extensor system. The EIP (to the index)

and EDM (to the small finger) are found ulnar to the index and

small finger EDC tendons at the level of the MCP joints. The EDC

to the small finger is often missing and the EDM is doubled.14

Other anatomic variations that have been described include

double EIP tendons, double or triple EDC ring, double or triple

EDC long, and double EDC small.15 The juncture tendinum con-

nects the extensor tendons to each other proximal to the MCP

joint and can prevent retraction of those tendons after a full-

thickness laceration.

The extensor tendons pass over the MCP joints, held midline by

the sagittal band, and trifurcates over the proximal phalanx. The

central part continues as the central slip and inserts at the dorsal

base of the middle phalanx, allowing PIP extension. The lateral

slips of the extensor tendon combine with the interosseous and

lumbrical muscles to form the lateral bands. These join dorsally to

insert at the base of the distal phalanx and form the terminal por-

tion of the extensor tendon, allowing DIP extension.14

Several retinacular structures stabilize and coordinate exten-

sor function in the finger. The triangular ligament stabilizes the

lateral bands dorsally at the level of the middle phalanx and

prevents their volar migration when the PIP joint flexes. The

oblique retinacular ligament originates along the volar proximal

phalanx and flexor sheath to insert into the terminal tendon to

link PIP and DIP joint motion. The transverse retinacular liga-

ments originate from the volar plate at the PIP joint and insert

into the lateral bands, which prevents their dorsal migration

during finger extension.14

2.3.5 Nerves

The median nerve is found in the forearm between the FDS and

FDP muscle bellies. It becomes more superficial in the distal

forearm and can be found between the FCR and the palmaris

longus tendon below the flexor retinaculum, as it enters the

carpal tunnel. The palmar cutaneous nerve branches from the

median nerve about 5 cm proximal to the proximal wrist crease,

travels ulnar to the FCR tendon, superficial to the flexor retinac-

ulum, and innervates the skin of the thenar eminence. The

motor branch of the median nerve comes off as a recurrent,

extraligamentous branch just distal to the distal edge of the

transverse carpal ligament to innervate the thenar muscles. The

proper median nerve continues on to divide into the common

and digital nerves that innervate the thumb, index, middle, and

radial half of the ring finger. There are variations in the branch-

ing pattern of the motor branch of the median nerve that need

to be kept in mind when doing carpal tunnel surgery. Less com-

mon variations include the subligamentous (dividing within the

carpal tunnel), transligamentous (piercing the transverse carpal

ligament), originating from the ulnar border of the median

nerve, and laying on top of the transverse carpal ligament.3

The ulnar nerve enters the forearm between the ulnar and

humeral heads of the FCU muscle and travels between the FDP

and FCU muscle bellies. It branches dorsally 6 to 8 cm proximal

to the proximal wrist crease and innervates the dorsal/ulnar

hand. The ulnar nerve proper becomes more superficial

Fig. 2.11 Extensor zones.
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proximal to the proximal wrist crease, where it is located ulnar

to the ulnar artery and radial to the FCU tendon. It enters Guy-

on’s canal and divides into the deep and superficial branches.

The superficial branch is located ulnarly and innervates the pal-

maris brevis muscle and supplies sensation as the digital nerves

to the ulnar side of the ring finger and either side of the small

finger. The deep branch is located radially and innervates the

hypothenar muscles, the medial two lumbricals, the interossei

muscles, and the adductor pollicis muscle.3

Anomalous nerve connections can exist between the median

and ulnar nerves that provide a dual nerve supply to muscle

bellies. Martin-Gruber connections take place between the

median and ulnar nerves in the forearm. Riche–Cannieu con-

nections occur between the motor branch of the ulnar nerve

and the recurrent branch of the median nerve.3

Radial sensory nerve enters the subcutaneous tissue between

the brachioradialis muscle and ECRL tendons about 9 cm proxi-

mal to the radial styloid and branches into two main branches

5 cm proximal to the radial styloid. The palmar branch inner-

vates the dorsal radial thumb. The dorsal branch divides into

two and innervates the dorsal ulnar thumb and dorsal index

and middle fingers.3

2.3.6 Skin

Finally, the skin has two distinct layers: the epidermis and der-

mis. These layers measure 0.05 to 1.5mm for the epidermis and

0.3 to 3.0mm for the dermis. Hair follicles are present in vary-

ing concentrations; their base is in the deep dermis and they

have an epithelial lining. Sebaceous glands and sweat glands

lined with epithelium reside in the dermal layer, also. Glabrous

skin is naturally hairless and covers the palms and soles.16

2.4 Review Questions

2.4.1 True or False

1. The A2 and A4 pulleys must remain completely intact during

flexor tendon repair.

2. The flexor tendons get their blood supply from the

paratenon, vincular system, and phalanges.

3. The ulnar artery provides the dominant blood flow to the

hand.

2.4.2 Choose the Best Answer

4. Which articular surface is least prone to degenerative

changes after scapholunate ligament disruption?

a) Radioscaphoid.

b) Scaphocapitate.

c) Radiolunate.

d) Scaphotrapezial.

5. The most common takeoff pattern of the motor branch of the

median nerve is

a) Extraligamentous and recurrent.

b) Transligamentous.

c) Subligamentous.

d) Above the transverse carpal ligament.

2.4.3 Answers

1. False.

2. True.

3. False.

4. c. Radiolunate.

5. a. Extraligamentous and recurrent.
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3 Anatomy of the Lower Extremity
Mario Rueda, Steven Rueda, Brendan Alleyne, Richard L. Drake, and Raffi Gurunluoglu

Abstract

This chapter addresses the need for a comprehensive knowl-

edge of lower extremity anatomy in the clinical practice of plas-

tic surgery. Reconstructive surgery related to lower extremity

trauma incorporates concepts of soft tissue and bone repair and

stabilization combined with the use of local muscles and their

inherent blood supply for reconstruction. In aesthetic surgery

of the lower extremity, success cannot be achieved without an

appreciation of the muscular, fascial, and cutaneous intercon-

nections. Also described are the anatomy of the lower extremity

with descriptions of the thigh, leg, and foot. Each section begins

with the skeletal foundation and progresses into the fascia,

muscles, joints, innervations, and vasculature.

Keywords: lower extremity, fascia, skeletal structure, posterior

compartment, medial compartment, leg muscles, vasculature,

flap surgery, lateral compartment

3.1 Goals and Objectives
● Understand the proper vascular, neural, muscular and bony

anatomy of the lower extremity in relation to plastic surgery.
● Appreciate that flap surgery is essentially applied anatomy.
● Know the anatomy well to maximize flap success and patient

safety.

3.2 Introduction
A comprehensive knowledge of lower extremity anatomy is

necessary for the clinical practice of plastic surgery. Reconstruc-

tive surgery related to lower extremity trauma incorporates

concepts of soft tissue and bone repair and stabilization com-

bined with the use of local muscles and their inherent blood

supply for reconstruction. In aesthetic surgery of the lower

extremity, success cannot be achieved without an appreciation

of the muscular, fascial, and cutaneous interconnections. This

chapter describes the anatomy of the lower extremity with

descriptions of the thigh, leg, and foot. Each section begins with

the skeletal foundation and progresses into the fascia, muscles,

joints, innervations, and vasculature.

3.3 Anatomy of the Lower
Extremity
The main functions of the lower extremity are motion and sta-

bilization of the trunk. It consists of a skeletal structure that

interacts through several joints: several thick and potent

muscles that assist in several movements and a vascular supply.

This is covered with skin and subcutaneous tissue. It can be div-

ided into four regions: gluteal, thigh, leg, and foot.

3.4 Fascia
Similar to the trunk, the gluteal region, thigh, and leg have two

layers of fascia: the superficial and deep. Superiorly they come

together at the level of the inguinal ligament and inferiorly they

give rise to retinacular bands.1

The superficial fascia encircles the entire lower extremity,

including the buttock. It is typically more dense and thicker

proximally than in the distal extremity. It is found within the

fat of the subcutaneous tissue. It usually gets pierced by nerves

and vessels that travel from the deeper structures to the skin.

The deep fascia (also known as fascia lata) is a vascularized

fibrous tissue that encircles muscles. It helps separate each re-

gion of the lower extremity into different compartments. This

does not only serve as pathways for vessel perforators but also

improves efficiency by providing attachment areas for muscles.

Superiorly, the inguinal ligament serves as the anterior attach-

ment of the deep fascia. Posteriorly, the fascia attaches to the

sacrum and coccyx. On the lateral aspect, the fascia joins the

iliac crest.

Characteristics of the deep fascia include a lateral band

known as the iliotibial band and the saphenous opening. The

saphenous opening is an oval defect in the deep fascia that

allows the passage of the branches of the femoral artery, the

saphenous vein, and lymphatics. It is covered by a portion of

superficial fascia that is known as fascia cribrosa.2

The fascia of the foot is slightly different from the rest of the

extremity. The superficial fascia contains minimal adipose tis-

sue. The deep fascia gives rise to the extensor retinacula, the

flexor and peroneal retinaculum, and the plantar fascia. There

is superior and inferior extensor retinaculum that supports ten-

dons of dorsiflexion that are located on the dorsum of the foot.

The flexor retinaculum is on the medial aspect of the ankle and

supports the plantar-flexor tendons. The peroneal retinaculum

is on the lateral ankle and supports the tendons of the peroneus

longus and peroneus brevis.3

3.5 Skeletal Structure

3.5.1 Bones

Femur

The largest and thickest bone in the human body forms the

main support for the thigh: the femur.2 This bone has a poste-

rior concavity that allows it to support the rest of the body. It

has special features that articulate with pelvic bones as well as

the leg bones.

The superior aspect of the femur contains four irregular

structures1:
● Femoral head: Found on the medial aspect of the bone, it

forms two-thirds of a sphere that articulates with the iliac

bone at the level of the acetabulum.1 It is covered with

cartilage.
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● Neck of the femur: Supports the femoral head and connects it

to the femoral shaft. It has an inferolateral angulation that

projects slightly anteriorly.
● Greater trochanter: It is a 1-cm posterior projection found on

the lateral aspect of the femur. The gluteus medius, gluteus

maximus, obturator internus, and superior and inferior

gemellus muscles insert into it.
● Lesser trochanter: A medial projection of the femur, it serves

as an insertion point to the psoas major and the iliacus.

The inferior portion of the femur bone contains several impor-

tant features. The medial and lateral condyles are found on the

distal portion. They are two projections on the medial and lat-

eral aspects of the distal femur. The medial condyle is longer

than the lateral but less prominent. They are separated anteri-

orly by a depression known as the patellar surface and posteri-

orly by a notch known as the intercondylar fossa of the femur.4

The anterior, posterior, and inferior surfaces of the condyles

constitute the articular surface of the distal femur. Immediately

superior to the condyles, there is the medial and lateral epicon-

dyles. They serve as attachments for ligaments of the knee joint.

Superior to the medial epicondyle, there is also the adductor

tubercle which serves as the insertion point of the adductor

magnus.

Patella

The patella is a sesamoid, flat triangularly shaped bone that is

embedded in the quadriceps femoris muscle and makes part of

the knee joint. The anterior surface receives the quadriceps

femoris tendon.5 The posterior surface articulates with the

femur and contains cartilage. The inferior portion of the poste-

rior surface contains the infrapatellar fat pad. The patella ulti-

mately allows extension force by amplifying the force exerted

by the quadriceps.6

Tibia

Along with the fibula, the tibia forms the structural base of the

leg. It provides support and assists with motion as it serves as

the attachment point for several muscles.

The proximal portion of the bone consists of the tibial con-

dyles. They support the articulations to the femur forming the

tibiofemoral joint. Similar to the femur, the medial and lateral

condyles are separated by the intercondylar area. The cruciate

ligaments as well as the menisci attach to this portion of the

tibia. The intercondylar area is divided into anterior and poste-

rior parts by the intercondylar eminence; this eminence is

formed by projections of the bone called medial and lateral

intercondylar tubercles that correspond to a lateral projection

of the medial condyle and a medial projection of the lateral con-

dyle.1 The lateral condyle also contains a facet for the head of

the fibula. Immediately below the condyles, there is the tibial

tuberosity that serves as attachment for the patellar ligament

and continuation of the quadriceps femoris.

The body of the bone is divided into three surfaces: medial,

lateral, and posterior. The medial portion can be directly felt

and palpated over the skin as it has no attachments (except

proximally). The posterior surface has a ridge called “soleal

line” that runs from the articular facet for the fibula to the

medial border.2

The inferior extremity appears smaller than the superior

aspect of the bone. It has an inferior articular surface that serves

as an articular point with the talus bone. The medial surface is

palpable and forms the medial malleolus, and continues inferi-

orly to have another small surface for articulation with the talus

bone. The lateral surface forms the fibular notch, which articu-

lates the fibula.

Fibula

This small and thin bone is part of the leg structure. Its function

revolves around providing insertion points for musculature

rather than support of the body. It also has two extremities and

a body.

The fibular head is separated from the body of the bone by

the fibular neck. In its medial aspect, we can find a surface that

articulates with the lateral condyle of the tibia. We can also find

an interosseous membrane that connects the fibula and the

tibia. On the inferior extremity, we find the lateral malleolus. It

has a medial surface that articulates with the talus bone.

Foot Bones

The skeletal structure of the foot is unique in that it represents

a transition of muscle layout from vertical to horizontal. The

ankle itself bridges this transition. In order to achieve this, the

human foot has 26 bones.7

The tarsal bones are organized into two rows8:
● Proximal: made up by the talus and calcaneus.
● Distal: includes the cuboid, cuneiforms bones (lateral,

intermediate, and medial), and the navicular bones. This last

bone is found just proximal to the cuneiforms bones.

The first toe consists of a metatarsal bone followed by a proxi-

mal and a distal phalange. Second through fifth toes have also a

metatarsal bone followed by a proximal phalange; however, it

also has a middle phalange that separates the proximal from

the distal phalanges. The joints that are found between the

metatarsus and the phalanges are called metatarsophalangeal

and those found between phalanges are called interphalangeal.

3.5.2 Joints

Hip Joint

The hip joint serves as the area of transfer of support of the

trunk into the lower extremities. The pelvis constitutes a stable

and complex skeletal structure which is discussed in Chapter 4.

The upper extremity of the femur contains the head of the

femur that articulates with the pelvic acetabulum. It forms a

ball-socket joint that enables transfer of load as well as motility.

The head of the femur as well as the acetabulum is covered with

cartilage that minimizes friction and ensures smooth motion. It

also contains a capsule that attaches to the bone just outside

the acetabular to the base of the femur neck. It permits a wide

range of motion.

There are four ligaments that reinforce this important joint

and they are the iliofemoral, ischiofemoral, pubofemoral, and

the ligamentum teres.9,10,11 Their main function is to strengthen

the capsule and prevent excessive motion of the joint leading to

injury or dislocation.
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Knee Joint

This joint connects the thigh and the leg. It is made of two artic-

ulations: the tibiofemoral and the patellofemoral joints. The

first joint is formed by the femoral and tibial condyles and it

allows for extension and flexion of the leg. The second joint is

formed by the femur and the articular surface of the patella

which mainly assists the tibiofemoral joint in its functions.12

The joint is reinforced by several ligaments and tendons that

provide stability1:
● Anterior: We can find the patellar ligament, quadriceps

tendon, the medial and lateral patellar retinaculum.
● Lateral: Fibular collateral ligament (lateral collateral ligament

—LCL).
● Medial: Tibial collateral ligament (medial collateral ligament—

MCL).
● Posterior: Oblique popliteal ligament (posterior ligament),

arcuate popliteal ligament, anterior cruciate ligament (ACL),

posterior cruciate ligament (PCL), meniscofemoral ligaments.

The medial and lateral menisci are also key components in the

structure of the knee. They are C-shaped fibrocartilaginous

structures that minimize friction in the knee joint.13 They are

attached to the tibia and ultimately help transmit the weight of

the trunk into the distal structures of the leg.

Ankle Joint

It serves as the connection between the foot and the leg. The

ankle is also a transition point where muscles go from a vertical

to horizontal arrangement. It is made of three bones: the tibia,

the fibula, and the talus.

The ankle includes three joints: the talocrural joint (ankle

proper joint) formed by the distal ends of the fibula and tibia

that enclose the upper surface of the talus; the subtalar joint

where the talus and the calcaneus bones meet; and the inferior

tibiofibular joint where the medial and distal end of the fibula

articulates with the lateral side of the tibia.8

There are four ligaments that reinforce this important joint:

the deltoid (medial ankle), calcaneofibular (lateral ankle), ante-

rior, and posterior talofibular ligaments.1,7,14 Similar to the knee

and hip ligaments, these four ligaments allow movement of the

foot—dorsiflexion, plantarflexion, rotation, and inversion—by

stabilizing the joint and avoiding dislocations or injury.

3.6 Muscles

3.6.1 Gluteal Region

There are three predominant muscles in the buttock area: glu-

teus maximus, gluteus medius, and gluteus minimus muscles.

These are muscles involved with external rotation and the

abduction of the hip. We can also find the Tensor fasciae latae

muscle that participates in thigh flexion, medial rotation, and

abduction. Other muscles that assist in the movement of the

pelvis and the hips include the psoas major and iliacus.1,2

3.6.2 Tensor Fasciae Latae
● General: This is a flattened, small, and rectangular muscle

that extends from the iliac crest to the knee. The muscle belly

is small; however, it has a large aponeurosis.

● Insertions and Structure: It arises from the outer lip of the

iliac crest. The muscle belly descends inferiorly and

posteriorly to fuse with the fascia lata, forming the iliopubic

tract.1,2

● Blood supply: Derives from the superior gluteal artery and

the lateral circumflex femoral artery.
● Innervation: Superior gluteal nerve from nerve roots L4, L5,

and S1.
● Classification : This muscle flap is a Mathes and Nahai type I

class, as it has a single dominant pedicle, the ascending

branch of the lateral femoral circumflex artery. It has a wide

variety of reconstructive options, both as a local flap (defects

of the abdomen, groin, ischium, trochanter, sacrum) and a

free flap (defects of the head and neck, upper extremity,

lower extremity, foot).15

3.6.3 Gluteus Maximus
● General: This is the largest and most superficial of the gluteal

muscles. It plays a significant role in the appearance of the

buttock and hip.
● Insertions and structure: It has a very broad origin, arising

from the gluteal zone of the ilium, sacrum, and sacrotuberous

ligament and the lumbar fascia. The muscle fibers travel

downward and laterally and the fascicles are separated by

fibrous septa that join to form an aponeurosis. It inserts into

the gluteal tuberosity of the femur and the iliotibial tract.
● Blood supply: Main arteries that supply this muscle are the

superior and inferior gluteal arteries.
● Innervation: The inferior gluteal nerve is responsible for the

innervation of this muscle with fibers from L5, S1, and S2.
● Classification: This muscle flap is a Mathes and Nahai type III

class, as it has two dominant pedicles, the superior and

inferior gluteal arteries. It also has two minor pedicles, the

first perforator of profunda femoris and two to three

intermuscular branches of the lateral femoral circumflex. It

has several reconstructive options, both as a local flap

(defects of the ischium, trochanter, sacrum) and as a free flap

for breast reconstruction.15

3.6.4 Gluteus Medius
● General: It is a triangular-shaped muscle that is deep to the

gluteus maximus.
● Insertions and structure: Originates in the gluteal surface of

the ilium, deep to the gluteus maximus. The muscle fibers

converge toward the superior extremity of the femur and

form a flat tendon at the level of the greater trochanter.
● Blood supply: The superior gluteal artery is responsible for

the blood supply to this muscle.
● Innervation: Nerve roots from L4, L5, and S1 supply this

muscle through the superior gluteal nerve.

3.6.5 Gluteus Minimus
● General: It is a triangular-shaped muscle that can be found in

the deep and anterior portion of the gluteal region.
● Insertions and structure: It originates from the gluteal

surface of the ilium, deep to the gluteus medius. The muscle

fibers travel toward the upper extremity of the femur and

form a tendon that inserts in the greater trochanter.
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● Blood supply: Similar to the gluteus medius, blood supply

derives from the superior gluteal artery.
● Innervation: The superior gluteal nerve, with roots from L4,

L5, and S1 innervate this muscle.

3.6.6 Psoas Major
● General: It is a long and fusiform muscle that can be found in

the external iliac fossa of the pelvis and in the posterior

trunk, next to vertebral bodies.
● Insertions and structure: It originates from vertebral bodies

T12 to L5. Muscle fibers travel next to the vertebral column

downward. The muscle descends through the internal iliac

fossa and it joins the anterior border of the iliac muscle

forming the iliopsoas muscle. It ultimately inserts into the

lesser trochanter of the femur.
● Blood supply: Derived from the lumbar branch of the

iliolumbar artery.
● Innervation: Anterior branches of L1–L3 nerves (lumbar

plexus).

3.6.7 Iliacus
● General: It is a triangular-shaped muscle whose apex joins

the psoas major in its medial border.
● Insertions and structure: It originates from the internal iliac

fossa and after forming the iliopsoas muscle, it inserts into

the lesser trochanter of the femur.
● Blood supply: It has dual blood supply provided by the iliac

branch of the iliolumbar artery and the medial femoral

circumflex artery.
● Innervation: Innervated by the femoral nerve.

Other muscles that are found in the gluteal region but are not

described in this book include the obturator internus, pyrami-

dal muscle, gemellus muscles, and obturator externus.

3.6.8 Thigh Muscles

The musculature of the thigh is divided into three distinct com-

partments that also helps us identify functions for the muscles.

The three compartments are as follows:
● Anterior fascial compartment: Muscles in this group usually

assist in thigh extension. It includes the rectus femoris, vastus

lateralis, vastus intermedius, vastus medialis (these four

muscles form the quadriceps muscles), sartorius, and

pectineus muscles.
● Posterior fascial compartment: Involved with flexion of the

thigh. It includes the biceps femoris, semimembranosus, and

semitendinosus muscles.
● Medial fascial compartment: Adduction is the main function

of this group of muscles. It includes the gracilis, adductor

longus, adductor brevis, and the adductor magnus.

3.7 Anterior Compartment

3.7.1 Rectus Femoris
● General: It is the most superficial portion of the quadriceps.

It is a fusiform-shaped muscle that is immediately over the

vastus intermedius.

● Insertions and structure: It originates from two separate

heads—the straight head that arises from the anterior inferior

iliac spine and the reflected head that arises just above the

acetabulum. The four muscles of the quadriceps (rectus

femoris, vastus lateralis, vastus intermedius, and vastus

medialis) form on their distal portion the quadriceps tendon,

in which the patella is found. Just below the patella, the

tendon is known as the patellar tendon and continues and

inserts into the tibial tuberosity.
● Function: Assists in hip flexion as well as knee extension.
● Blood supply: Derived from the descending branch of the

lateral femoral circumflex artery.
● Innervation: The femoral nerve is responsible for the

innervation of all the quadriceps muscles.
● Classification: This muscle flap is a Mathes and Nahai type II

class, as it has a single dominant pedicle, the descending

branch of the lateral femoral circumflex artery. It also has two

minor pedicles, the ascending branch of the lateral femoral

circumflex and the muscular branches of the superficial

femoral artery. It has a wide variety of applications, both as a

local flap (coverage of the inferior abdomen, groin, ischium,

and perineum) and as a functional muscle free flap (facial

reanimation and upper extremity reconstruction).15

3.7.2 Vastus Lateralis
● General: It is found just lateral to the vastus intermedius. It is

just superior to it and portions of the muscle can cover fibers

of the vastus intermedius.
● Insertions and structure: It originates from a tendinous

structure at the external portion of the linea aspera of the

femur: this extends proximally into the greater trochanter.

The muscle belly descends to the patella and inserts to the

tibial tuberosity as the quadriceps tendon.
● Function: The muscle participates in knee extension.
● Blood supply: The lateral circumflex femoral artery provides

the main blood supply.
● Innervation: Performed by the femoral nerve.
● Classification: This muscle flap is a Mathes and Nahai type I

class, as it has a single dominant pedicle, the descending

branch of the lateral femoral circumflex artery. It also has

three minor pedicles—the transverse branch of the lateral

femoral circumflex, the posterior branches of the profunda

femoris artery, and the superficial branch of the lateral

superior genicular. It has a wide variety of options, both as a

local flap (coverage of the trochanter, knee, groin, ischium,

and perineum) and as a reconstructive option for the

abdominal wall and acetabular fossa.15

3.7.3 Vastus Intermedius
● General: It is located around the body of the femur, deep to

the rectus femoris muscle.
● Insertions and structure: It originates from the proximal

two-thirds of the anterolateral aspect of the femur. It

terminates as a portion of a tendon (quadriceps femoris

tendon) that attaches to the tibial tuberosity.
● Function: Participates in extension of the knee.
● Blood supply: Derived from the femoral artery.
● Innervation: Performed by the femoral nerve.
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3.7.4 Vastus Medialis
● General: This muscle is medial to the vastus intermedius. It

can be found partially attached to the muscle.
● Insertions and structure: Originates from the medial portion

of the femur and inserts into tibial tuberosity via the

quadriceps femoris tendon.
● Function: It assists in extension of the leg.
● Blood supply: Femoral artery is the main blood supply.
● Innervation: Similar to the other vastus muscles, it is

innervated by the femoral nerve.
● Classification: This muscle flap is a Mathes and Nahai type II

class, as it has a single dominant pedicle, a branch of the

superficial femoral artery. It also has two minor pedicles,

branches of the superficial femoral artery and the

musculoarticular branches of the descending genicular artery.

It can be used as a distally based flap, a functional muscle or

as a V-Y advancement flap skin island for coverage of the

upper knee.15

3.7.5 Sartorius
● General: It is the longest muscle in the human body and it

runs the entire length of the anterior compartment. It is in

the superficial portion of the compartment. The proximal

portion of the sartorius forms the lateral border of the

femoral triangle.
● Insertions and structure: It originates from the anterior-

superior iliac spine. It runs inferiorly and medially. It

travels behind the medial condyle of the femur and forms a

tendon that inserts into the medial aspect of the tibia’s body.

The ending of the muscle is called “pes anserinus” and it is

formed by the sartorius, gracilis, and semitendinosus

tendons.
● Function: It assists in flexing and lateral rotation of the hip

joint.
● Blood supply: Derived from the femoral artery.
● Innervation: Done by the femoral nerve.
● Classification: This muscle flap is a Mathes and Nahai type

IV class, as it has a segmental pedicle as the blood supply, six

to seven branches of the superficial femoral vessels. It has

proven to be useful in covering defects involving the groin,

femoral vessels, and the knee.15

3.7.6 Pectineus
● General: This rectangular and flat muscle forms the floor

of the femoral triangle. Its origin also forms Cooper’s

ligament.
● Insertions and structure: It originates from the pubic bone.

The muscle belly proceeds to the pectineal line of the femur

where it inserts.
● Function: This muscle is responsible for flexion and

adduction of the thigh.
● Blood supply: Derived from the obturator artery.
● Innervation: Femoral nerve supplies this muscle; however,

the obturator nerve may provide this function via L2 and L3

roots.

3.8 Posterior Compartment

3.8.1 Biceps Femoris
● General: Along with the semimembranosus and

semitendinosus, the biceps femoris forms the hamstring

muscle. It consists of a long and short heads.
● Insertions and structure: The long head originates from the

tuberosity of the ischium. It continues inferiorly toward the

lateral posterior aspect of the muscle. The short head arises

from the linea aspera of the femur. Its fibers travel inferiorly

to join the long head about two-thirds of the way down into

the muscle. They then form a tendon that inserts into the

lateral portion of the fibular head and the lateral condyle of

the tibia.
● Function: Extends the hip. It also externally rotates and

flexes the knee.
● Blood supply: Popliteal artery supplies the distal portion of

the muscle while the inferior gluteal artery supplies the

proximal portion.
● Innervation: The long head is innervated by roots of the

tibial part of the sciatic nerve. The short head is innervated by

the common fibular nerve.

3.8.2 Semimembranosus
● General: This muscle is found deep to the

semitendinosus muscle. It has a membranous tendon at its

origin.
● Insertions and structure: It originates from the ischial

tuberosity. As it travels inferiorly, it forms the pes anserinus.

It inserts into the posterior aspect of the medial condyle of

the tibia.
● Function: Assists in the extension of the hip as well as

internal rotation and flexion of the knee.
● Blood supply: Double blood supply from the profunda

femoris and the gluteal arteries.
● Innervation: Innervated by the tibial part of the sciatic nerve

(L5, S1, and S2 roots).

3.8.3 Semitendinosus
● General: A long and fusiform muscle, it is located on the

medial aspect of the posterior compartment. It is superior to

the semimembranosus muscle.
● Insertions and structure: It generates from the ischial

tuberosity, next to the origin of the long head of the

biceps. About a third of the distal portion of this muscle

continues as a tendon behind the femur condyle. It

inserts into the pes anserinus, after the muscle gives a

tendon that is found behind the sartorius and below the

gracilis.
● Function: Similar to the semimembranosus muscle, it assists

in flexion and internal rotation of the knee as well as hip

extension.
● Blood supply: Inferior gluteal artery.
● Innervation: Innervated by roots from L5, S1, and S2 via

sciatic nerve.
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3.9 Medial Compartment

3.9.1 Gracilis
● General: It is a long and thin muscle located on the medial

aspect of the thigh.
● Insertions and structure: It originates from the ischiopubic

ramus of the pubis. The muscle belly travels inferiorly, medial

to the adductor muscles, and becomes continuous with the

pes anserinus.
● Function: Although it assists in thigh adduction, its main

function is to assist during internal rotation and flexion of the

knee.
● Blood supply: The medial circumflex femoral artery supplies

blood to the gracilis muscle.
● Innervation: The anterior branch of the obturator nerve, via

L2 and L3 fibers, is responsible for its innervation.
● Classification: This muscle flap is a Mathes and Nahai type II

class, as it has a single dominant pedicle, the ascending

branch of the medial circumflex femoral artery. It also has a

minor pedicle, one or two branches of the superficial femoral

artery. It can be used for local defect coverage and

reconstruction of the abdomen, groin, perineum, ischium,

penis, and vagina. It can also be used as a functional free flap

for facial reanimation and upper extremity reconstruction.15

3.9.2 Adductor Longus
● General: It is a triangular-shaped muscle, bigger than the

adductor brevis but smaller than the adductor magnus. It is

superficial to both these muscles.
● Insertions and structure: It originates from the body of the

pubis. Its fibers travel downward and insert in the linea

aspera of the femur. The muscle belly of the adductor longus

forms the medial border of the femoral triangle.
● Function: It assists during thigh adduction.
● Blood supply: The three adductor muscles are supplied by

the profunda femoris artery.
● Innervation: The anterior branch of the obturator nerve

innervates this muscle via L2, L3, and L4 roots.16

3.9.3 Adductor Brevis
● General: Is the smallest of the adductor muscles. It is

triangular in shape, with its base directed toward the femur.

This muscle is superficial to the adductor magnus and deep to

the adductor longus and pectineus muscle.
● Insertions and structure: It originates from the body of the

pubis as well as the inferior ramus. Its fibers travel inferiorly

and outward and they insert at the linea aspera of the femur

and the lesser trochanter.
● Function: It adducts the thigh.
● Blood supply: Supplied by the profunda femoris.
● Innervation: Innervation is done by the posterior branch of

the obturator nerve via L2, L3, and L4 roots.

3.9.4 Adductor Magnus
● General: It is a triangular muscle, the deepest of the adductor

group.

● Insertions and structure: This muscle originates from the

pubis and the tuberosity of the ischium. It continues toward

the femur and forms two portions: a lateral (pubofemoral)

and medial (ischiocondylar) portion. The lateral muscle that

originates from the pubis continues its way to the middle

portion of the femur at the level of the linea aspera. The

medial portion comes from the ischial tuberosity and travels

more distally and inserts into medial condyle of the femur.
● Function: The pubofemoral portion of the muscle assists in

hip flexion, while the ischiocondylar portion assists in hip

extension. Both muscles play a role in hip adduction.
● Blood supply: The profunda femoris artery is responsible.
● Innervation: The pubofemoral portion is innervated by the

obturator nerve via L2 and L3 roots. The ischiocondylar

portion is innervated by the tibial part of the sciatic nerve via

L4 roots.17

3.9.5 Leg Muscles

The legmuscles are generally elongated and thin.Most of themhave

long and thin tendons at their most distal portion. The muscles are

covered by fascia. They are divided into four compartments:
● Anterior compartment: Made up of the extensor digitorum

longus, extensor hallucis longus, tibialis anterior, and the

fibularis (peroneus) tertius muscles.
● Lateral compartment: Is made up of the fibularis brevis and

fibularis longus muscles.
● Superficial posterior compartment: Composed of the

gastrocnemius, plantaris, and soleus muscles.
● Deep posterior compartment: Made up of the flexor

digitorum longus, flexor hallucis longus, tibialis posterior, and

the popliteus muscles.

3.10 Anterior Compartment

3.10.1 Extensor Hallucis Longus
● General: This flat and elongated muscle is lateral to the

tibialis anterior.
● Insertions and structure: It originates from the medial

aspect of the fibula and the interosseous membrane. Distally

it continues as a long tendon that after crossing the extensor

retinacula and traveling toward the dorsum of the big toe, it

inserts into the distal phalanx of it.
● Function: It is responsible for extending the big toe. It also

assists in dorsiflexion of the foot.
● Blood supply: Similar to the other anterior compartment

muscles, it is supplied by the anterior tibial artery.
● Innervation: The deep fibular nerve, via roots of L5 and S1,

supplies this muscle.
● Classification: This muscle flap is a Mathes and Nahai type IV

class as it has a segmental pedicle, six to eight arterial muscular

branches from the anterior tibial artery. It is primarily used for

coverage of defects involving the distal third of the tibia.15

3.10.2 Extensor Digitorum Longus
● General: This muscle is also elongated and directed toward

the second through fifth toes. It is located on the lateral

portion of the anterior compartment and convers a portion of

the extensor hallucis longus.
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● Insertions and structure: Being a wide muscle, it originates

from the first two-thirds of the anterior surface of the fibula,

the superior portion of the interosseous membrane, and the

lateral tibial condyle. The muscle belly travels toward the

ankle and crosses the extensor retinacula and divides into

four tendons that travel toward the dorsum of the lateral four

digits. It inserts into the middle and distal phalanges of the

second through fifth toes.
● Function: It assists in the dorsiflexion of the ankle and toe

extension.
● Blood supply: Done by the anterior tibial artery.
● Innervation: Receives roots L5 and S1 from the deep fibular

nerve.

3.10.3 Tibialis Anterior
● General: A long and fusiform muscle, it is located on the

medial portion of the compartment, lateral to the anterior

border of the tibia.
● Insertions and structure: It originates in the lateral aspect of

the proximal two-thirds of the tibia. The distal portion of the

muscle is composed by a cylindrical tendon that travels on

the dorsum of the foot to insert into the first metatarsal and

medial cuneiform bones.
● Function: It is responsible for dorsiflexion and inversion of

the foot.
● Blood supply: Derived from the anterior tibial artery.
● Innervation: It is performed by the deep fibular nerve

through branches L4 and L5.

3.10.4 Fibularis Tertius
● General: It is a small muscle located on the deep lateral

portion of the anterior compartment.
● Insertions and structure: It originates in the anterior surface

of the distal fibula. It continues distally as a tendon that

inserts into the dorsal surface of the fifth metatarsal.
● Function: It assists in dorsiflexion and eversion of the foot.
● Blood supply: The anterior tibial artery is responsible for its

blood supply.
● Innervation: The deep fibular nerve is responsible for its

innervation.

3.11 Lateral Compartment

3.11.1 Fibularis Brevis
● General: It is covered by the fibularis longus muscle. It is

both smaller and shorter than the fibularis longus muscle.
● Insertions and structure: It originates in the distal two-

thirds of the inferolateral portion of the fibular body. It

continues distally as a thin muscle that travels posterior to

the lateral malleolus, deep to the fibularis longus muscle. It

travels lateral to the calcaneus and finally inserts into the

base of the fifth metatarsal bone.
● Function: It is involved in the plantar flexion of the ankle

joint. It also assists in foot eversion.
● Blood supply: Similar to the fibularis longus, it is supplied by

the fibular artery.

● Innervation: Roots of L5 and S1 from the superficial fibular

nerve are responsible for innervation.

3.11.2 Fibularis Longus
● General: It is a fusiform muscle, located on the superficial

and lateral aspect of the compartment. Its tendon travels on

the external margin of the leg and the plantar surface.
● Insertions and structure: It originates at the lateral aspect of

the lateral tibial condyle and at the head and proximal two-

thirds of the lateral aspect of the fibula. In between the two

insertions, we can usually identify the fibular nerve. The

distal portion of the muscle continues as a tendon that covers

the fibularis brevis. It runs behind the lateral malleolus under

the peroneal retinaculum. It continues across the lateral

aspect of the calcaneus and it crosses the lateral side of the

cuboid. Finally, it inserts in the lateral aspect of the medial

cuneiform and the lateral portion of the first metatarsal

bone.
● Function: It serves as a plantar flexor at the ankle joint and

helps in foot eversion. In conjunction with the tibialis

muscles, it maintains support of the arches.
● Blood supply: Derived from the fibular artery.
● Innervation: It receives L5 and S1 roots from the superficial

fibular nerve.

3.12 Superficial Posterior
Compartment

3.12.1 Gastrocnemius
● General: It is composed of two distinct heads (gemellus

muscles): the medial and lateral heads. The muscle

establishes the inferior boundaries (medial and lateral) of the

popliteal fossa. In some individuals, a sesamoid bone, fabella,

can be found on the lateral head of the muscle.
● Insertions and structure: The lateral head originates from

the lateral condyle of the femur and the medial head from the

medial condyle. They continue toward the inferior portion of

the compartment, and along with the tendon of the soleus

and the plantaris, it forms Achilles (calcaneal) tendon. It

finally inserts on the posterior surface of the calcaneus bone.
● Function: It is a potent plantar flexor and it also assists in

knee flexion.
● Blood supply: Derives from sural arteries that come from the

popliteal artery.
● Innervation: Roots S1–S2 from the tibial nerve provide

innervation.

3.12.2 Plantaris
● General: It is the smallest muscle of this compartment. Can

be found deep to the lateral head of the gastrocnemius.
● Insertions and structure: It originates at the lateral

supracondylar ridge. Distally it forms a very thin tendon that

travels between the soleus and the gastrocnemius. It joins the

tendons of the gastrocnemius and the soleus to form Achilles

tendon that inserts into the calcaneus.
● Function: It assists in flexion of the knee and plantarflexion.
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● Blood supply: Sural arteries are responsible for its blood

supply.
● Innervation: The tibial nerve is responsible for its

innervation.

3.12.3 Soleus
● General: It is usually found deep to the gastrocnemius

muscle. Its name derives from the appearance of the muscle,

which is thought to resemble a sandal.
● Insertions and structure: It originates from the posterior

aspect of the proximal third of the fibula and also from the

soleal line on the posterior aspect of the tibia. These two

insertions are joined by the tendinous arch of the soleus. The

distal portion of the muscle continues as a tendon that, along

with the tendons of the two previous muscles, forms Achilles

tendon that inserts on the calcaneus.
● Function: It is involved in plantarflexion.
● Blood supply: Similar to the other muscles of the superficial

posterior compartment, the sural arteries are responsible for

its blood supply.
● Innervation: The tibial nerve with roots from L5 to S2

supplies this muscle.

3.13 Deep Posterior compartment

3.13.1 Flexor Hallucis Longus
● General: This muscle is the most lateral structure of the deep

compartment. It is covered by the soleus muscle.
● Insertions and structure: It originates from the posterior

aspect of the fibula and the interosseous membrane. It

continues as a long tendon that travels behind the medial

malleolus and the talus. It continues deep to the

sustentaculum tali (horizontal eminence in the medial

surface of the calcaneus) and finally continues forward to

insert at the base of the last phalanx of the first toe.
● Function: It flexes the great toe. It also assists in

plantarflexion.
● Blood supply: It is derived from the peroneal artery, a branch

of the posterior tibial artery.
● Innervation: S1 and S2 roots from the tibial nerve are

responsible for innervation.

3.13.2 Flexor Digitorum Longus
● General: This long muscle is located on the posterior medial

aspect of the deep posterior compartment.
● Insertions and structure: The muscle originates from the

middle third of the posterior aspect of the tibia. It descends

initially medial to the tibialis posterior muscle but, in the last

third of the leg, it crosses behind this muscle. It forms a

tendon lateral to the tibialis posterior that passes behind the

medial malleolus and advances forward just medial to the

calcaneus. It finally divides into four distinct tendons and

inserts at the base of the distal phalanges of the lateral four

digits.
● Function: It participates in flexion of the second through the

fifth toes. It also participates in plantarflexion.
● Blood supply: It is supplied by the posterior tibial artery.

● Innervation: The tibial nerve (roots L5, S1, and S2)

innervates this muscle.

3.13.3 Tibialis Posterior
● General: This long muscle is located in between the flexor

digitorum longus and the flexor hallucis longus.
● Insertions and structure: Just below the soleal line, in the

posterior aspect of the tibia, as well as the posterior aspect of

the fibula and the interosseous membrane, we can find the

most proximal portion of this muscle. Distally it forms a

tendon that travels behind the medial malleolus until it

reaches the plantar surface. The tendon then divides into

plantar (which inserts into the second, third, and fourth

metatarsals, the cuboid, and the second and third cuneiform

bones), main (inserts into the navicular and first cuneiform

bones), and recurrent portions (inserts into the calcaneus).
● Function: It participates in plantarflexion and inversion of

the foot. It also stabilizes the inferior tibiofibular joint.
● Blood supply: Derived from the posterior tibial artery.
● Innervation: It is supplied by the tibial nerve via L4 and L5

roots.

3.13.4 Popliteus
● General: It is a small triangular muscle that can be found

posterior to the knee joint.
● Insertions and structure: This muscle originates from the

lateral condyle of the femur and some of its fibers also arise

from the lateral meniscus. It travels downward and toward

the medial portion of the extremity, where it inserts into the

posterior surface of the superior portion of the tibia.
● Function: It medially rotates the leg. When we are standing

over the extremity, the popliteus unlocks the knee and allows

flexion. Also, because of its posterior location, it prevents

femur dislocations.
● Blood supply: Derived from the popliteal artery.
● Innervation: Branches of L5 fibers innervate this muscle

through the tibial nerve.

3.13.5 Foot Muscles

The muscles of the foot can be divided into extrinsic and intrin-

sic. The extrinsic muscles are those that originate in the leg and

were discussed in the previous section. The intrinsic muscles

originate in the foot and they are divided into two regions, the

dorsal and the plantar region. The dorsal region includes the

short extensor digitorum and the short toe extensor muscles.

The plantar region includes several muscles that are organized

in four layers.7

Dorsal region

This region is composed of the extensor hallucis brevis and the

extensor digitorum brevis muscles. The former of these muscles

extends to the great toe while the latter extends to the lateral

four digits. They both help extend the toes. This function is con-

sidered accessory and impairment of the muscles does not com-

promise ambulation. Their blood supply is derived from

branches of the dorsalis pedis artery (lateral tarsal artery). They
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are innervated by the deep fibular nerve with roots from S1

and S2.

Plantar Region

First layer

It is the closest to the sole and its muscles are deep to the plan-

tar aponeurosis. It includes the abductor hallucis, abductor dig-

iti minimi, and the flexor digitorum brevis. These muscles

originate from the calcaneus and insert in the phalanges of the

first, fifth, and second through fifth toes, respectively. The ten-

dons from the extrinsic muscles separate the muscles in the

first layer from those found in the second layer.

The function, blood supply, and innervation are as follows:
● Abductor hallucis: Abducts the great toe and its blood supply

derives from the medial plantar artery. Innervation is by the

medial plantar nerve.
● Abductor digit minimi: Flexes and abducts the fifth toe and

its blood supply comes from the lateral plantar artery.

Innervation is by the lateral plantar nerve.
● Flexor digitorum brevis: Flexes the lateral four toes. Its blood

supply comes from medial and lateral plantar arteries.

Innervation is by the medial plantar nerve.

Second Layer

It contains two muscle entities: the lumbricals and the flexor

digitorum accessorius muscles.
● The lumbricals originate from the medial border of the flexor

digitorum longus tendons and insert into the extensor

digitorum longus tendons and eventually into the proximal

phalanges of the four lateral toes. They flex the

metatarsophalangeal joints and extend the interphalangeal

joints. Blood supply is derived from the medial and lateral

plantar arteries. Innervation is performed by the medial and

lateral plantar nerves via S3 roots.
● The flexor digitorum accessorius: This muscle has two heads:

the medial head arises from the concave surface of the

calcaneus and the lateral head from the inferior surface of the

calcaneus. The two heads join and insert into the tendon of

the flexor digitorum longus. They assist in plantar flexion of

the lateral four toes. It is innervated by the lateral plantar

nerve (S1 and S2 roots).

Third Layer

The flexor digiti minimi brevis, flexor hallucis brevis, and

adductor hallucis are part of this layer. They all function to

maintain the plantar arch.
● The flexor digiti minimi brevis originates in the fifth

metatarsal bone and it travels forward to insert into the base

of the first phalanx of the first toe. It participates in adduction

and flexion of the fifth toe.
● Originating from the medial part of the cuboid bone, the

flexor hallucis brevis is responsible for flexion of the great

toe. It inserts in the medial and lateral aspect of the first

phalanx.
● The adductor hallucis has an oblique head and a transverse

head. The oblique head originates from the second through

fourth metatarsal bones and inserts into the lateral aspect of

the first phalanx of the great toe. The transverse head

originates from the metatarsophalangeal ligaments of the

third through fifth toes and inserts into the lateral head of the

first phalanx of the first toe. It is responsible for the

adduction of this toe.

Fourth Layer

Two of the muscles that are found at the level of this layer are

the dorsal interossei and the plantar interossei muscles.
● There are four dorsal interossei muscles that are located

between the metatarsal bones. Each of them has two heads

that originate from the proximal portion of each metatarsal.

They continue forward, forming one single tendon that

inserts into their respective proximal phalanges (second,

third, and fourth phalanges). They are responsible for toe

abduction.
● There are only three plantar interossei muscles. They are also

located in between the lateral metatarsal bones. Contrary to

the dorsal interossei, these muscles have only one head that

originates from the medial aspect of their respective

metatarsal bone (third through fifth). They continued distally

and insert at the level of the third through fifth proximal

phalanges. They assist in toe adduction.

3.14 Vasculature

3.14.1 Gluteal Region

Branches of the internal iliac provide most of the blood supply

of the gluteal region. The descending aorta bifurcates into the

common iliac arteries. These then divide into the external and

internal iliac vessels. The former is responsible for supplying

the lower extremity, while the latter supplies pelvic structure

and muscles in the gluteal region.

The internal iliac initially travels downward and passes to the

greater sciatic foramen (▶Fig. 3.1b). It does this by traveling

anterior to the internal iliac vein and posterior to the ureter. It

branches into an anterior and posterior trunk. The anterior trunk

branches into several smaller vessels including the inferior

gluteal artery. The posterior trunk gives off several branches

including the superior gluteal and the iliolumbar arteries.

The inferior gluteal artery derives from the anterior trunk of

the internal iliac. It exits the pelvis below the piriformis muscle

through the greater sciatic foramen. It travels to the posterior

aspect of the thigh. It is responsible for supplying the gluteus

maximus.

The superior gluteal artery runs initially posteriorly and exits

the pelvis above the level of piriformis muscle, through the

greater sciatic foramen. It divides into the superior and deep

branch. The superior branch is responsible for supplying the glu-

teus maximus and it does so by piercing through it. Collateral

flow between the superior gluteal and inferior gluteal can be

found in the muscle. The deep branch also divides into a superior

and inferior branch. It is initially just deep to the gluteus medius

prior to branching. Both its branches anastomose with the lateral

circumflex femoral artery. Its inferior branch, prior to anastomos-

ing, supplies the gluteus medius and minimus.18

The iliolumbar artery branches off the posterior trunk of the

internal iliac. After its origin, it travels superiorly just medial to
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the psoas major and behind the external iliac artery and obtu-

rator nerve.19 As it travels by the psoas, it gives branches that

supply this muscle.

3.14.2 Thigh

After its origin from the common iliac artery, the external iliac

artery continues to travel inferiorly. Just behind the inguinal lig-

ament, it continues as the common femoral artery. It continues

into the thigh by passing through the femoral canal. It travels

into the femoral sheath just lateral to the femoral vein and

medial to the femoral nerve.

The common femoral artery branches into the superficial

femoral (SFA) and the profunda femoris artery (PFA) distal to

the inguinal ligament (▶ Fig. 3.1a). The SFA continues to

descend through the femoral triangle on the anteromedial por-

tion of the thigh. It travels under the sartorius muscle and

enters the adductor canal. It then enters the popliteal fossa up

to a level where it becomes the popliteal artery.

The PFA arises from the posterolateral aspect of the common

femoral artery. It travels close to the femur in between the

adductor longus and the pectineus muscle. It is responsible for

supplying several muscles in the thigh via its main branches:

the perforating arteries and the medial circumflex femoral and

the lateral circumflex femoral artery.

The perforating arteries are four vessels that pierce the

adductor muscles and that reach the posterior aspect of the

thigh. The branches that are above, in front, and below the

adductor brevis are known as first, second and third perforator.

The fourth perforator is usually the distal, smaller end of the

PFA. The perforators that travel proximally anastomose with

the inferior gluteal artery and inferiorly with branches of the

popliteal artery.

The medial circumflex femoral artery originates from the

proximal PFA. It travels to the posterior portion of the thigh and

exits the femoral triangle in between the psoas and the pecti-

neus muscles, next to the neck of the femur and over the exter-

nal obturator muscle. It then divides into a transverse, deep,

ascending, and acetabular branch.20 The transverse branch con-

tinues to travel behind the surgical neck of the femur and it

anastomoses with the transverse branch of the lateral circum-

flex artery. The deep branch is responsible for supplying the

proximal muscles. The ascending branch follows the external

obturator tendon and along with the ascending branch of the

lateral circumflex, it provides collateral blood flow to the neck

of the femur. The acetabular branch is responsible for supplying

the adipose tissue in the inferior portion of the acetabulum. It

usually anastomoses with the obturator artery.

The lateral circumflex femoral artery also originates from the

proximal portion of the PFA. It travels between the different

Fig. 3.1 Vasculature supplying local muscle and skin flaps of the lower extremity. (a) A, Groin flap (superficial circumflex iliac artery); B, Tensor fascia

latae flap (branch off of lateral circumflex femoral artery, LCFA); C, Anterolateral thigh flap (perforator branch (es) of the descending branch of the

LCFA); D, Rectus femorsi muscle flap (descending branch of the LCFA); E, Gracilis flap (medial circumflex femoral artery); F, Fibula flap (peroneal artery)

(b) A, Gluteus maximus flap (superior gluteal artery); B, Gluteus maximus flap (inferior gluteal artery); C, Posterior thigh flap (inferior gluteal artery)

(c) A, Gastrocnemius flap (medial) (sural artery); B, Soleus flap (posterior tibial, peroneal, sural artery).Reprinted with permission, Cleveland Clinic

Center for Medical Art & Photography ©2016. All Rights Reserved.
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divisions of the femoral nerve, behind the rectus femoris. It

branches into a transverse, ascending, and descending

branches. The transverse branch goes across the vastus lateralis

and travels anterior to the surgical neck of the femur where it

anastomoses with the transverse branch of the medial circum-

flex femoral artery. The ascending branch travels upward just

deep to the rectus femoris, behind the hip join and it anastomo-

ses with the medial circumflex femoral artery just behind the

neck of the femur. The descending branch is found deep to the

rectus femoris and it distributes through the quadriceps. Fol-

lowing the vastus lateralis, it reaches the external portion of

the knee.

3.14.3 Leg

The popliteal artery arises as a direct continuation of the SFA at

the level of the popliteal fossa (▶ Fig. 3.1c). It continues to travel

distally, and at the level of the popliteus muscle, it produces the

anterior tibial artery. The popliteal continues distally and after

a few centimeters, it divides into the posterior tibial and the fib-

ular (peroneal) artery. The portion of the popliteal immediately

after the anterior tibial artery may be referred as the tibiopero-

neal or tibial-fibular trunk. The fibular artery travels in the pos-

terior compartment, deep and lateral, closely associated with

the fibula. The posterior tibial travels deep, under the trans-

verse fascia; as it descends, it becomes more superficial and its

pulse can be felt at the medial malleolus. It branches into the

lateral and medial plantar arteries.

The proximal portion of the popliteal artery provides the

superior genicular arteries. They arise from either side of the

popliteal and travel toward the anterior portion of the knee

joint. These vessels anastomose with branches of the lateral cir-

cumflex femoral artery and the SFA.

The anterior tibial artery travels downward, just anterior to

the popliteus muscle. It continues it course in between the tibia

and the fibula and between the extensor digitorum longus and

the tibialis anterior. At the anterior aspect of the ankle, between

both malleoli, the anterior tibial artery becomes the dorsalis

pedis artery.

3.14.4 Foot

The blood supply of the foot is derived from branches of the

anterior tibial and posterior tibial. They can be divided into dor-

sal and plantar arteries. The fibular artery does not usually pro-

vide any branches distal to the calcaneus; it does play a

significant role in supplying the ankle joint via small terminal

branches.

Dorsal Arteries

The anterior tibial artery continues at the level of the foot as the

dorsalis pedis artery. It originates at the distal level of the infe-

rior extensor retinaculum and continues up to the space

between the first and second metatarsal. The artery passes next

to the extensor hallucis longus and extensor digitorum longus

tendons. It divides into two terminal branches: the first dorsal

metatarsal and the deep plantar artery. It also gives rise to the

arcuate artery as its terminal portion.

The first dorsal metatarsal artery travels over the first dorsal

interosseous muscle and divides into two dorsal digital arteries

that supply the medial aspect of the lateral aspect of the first

digit and the medial aspect of the second digit.21 The deep plan-

tar artery travels forward between the two heads of the first

dorsal interosseous muscle, supplying the sole of the foot and

contributing to the plantar arch.

The arcuate artery of the foot derives from the terminal por-

tion of the dorsalis pedis. It travels transversally toward the

external border of the foot immediately over the metatarsal

bases. It anastomoses with the lateral tarsal artery. The arcuate

artery gives three metatarsal dorsal arteries that divide into

dorsal digital arteries that supply the medial and lateral aspects

of the corresponding toes.

Plantar Arteries

These vessels are derived from the posterior tibial artery. It

gives rise to the medial and lateral plantar artery.

The medial plantar artery is smaller than its lateral counter-

part. It travels to the great toe in the most medial portion of the

sole. Initially it can be found superior to the abductor hallucis

but later it is situated in between this muscle and the flexor dig-

itorum brevis. At the level of the first metatarsal base, it gives

rise to the medial plantar digital artery of the first toe. It anasto-

moses with the first dorsal metatarsal artery at this level. Near

its origin, the medial plantar artery also gives rise to a deep

branch that contributes to the plantar arch.

The lateral plantar artery extends forward and laterally in

between the flexor digitorum brevis and the flexor accessorius

muscles. At the level of the fifth metatarsal base, it changes

direction to becomes transverse and completes the plantar

arch: it crosses the sole toward the bases of the first and second

metatarsal bone and at this level it anastomoses with the deep

plantar branch.1,22

The Angiosome

Prior to the increased interest in microsurgical free flaps, little

importance was assigned to the superficial blood supply of

overlying skin. The organization of superficial vasculature terri-

tories of the skin and soft tissues has been described by the

angiosome model. Perforating vessels give rise to defined

islands of blood supply which vary in density according to ana-

tomic location. A total of 376 such vessels of 0.5mm or greater

diameter have been identified in the literature.23 Just as in the

dermatome model, where sensory nerve fiber overlap occurs,

the angiosomes have similar watershed areas of overlap. For

instance, the head, thorax, and proximal limbs have larger but

less dense angiosome pattern as compared to the distal extrem-

ities.23 This network of vessels within the skin assist our clinical

guidance in the design of soft-tissue flaps for wound coverage,

such as in the field of plastic surgery.

3.15 Review Questions

3.15.1 True or False

1. The boundaries of Hunter’s canal, also known as subsartorial

or adductor canal are as follows: Sartorius: anterior and

medial, vastus medialis: anterior and lateral, adductor longus

and adductor magnus: posterior.
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3.15.2 Choose the Best Answer

2. A 29 year old male patient complains of inability to dorsiflex

his right foot along with sensory loss in the first web space 3

days after undergoing jaw reconstruction for malignant

ameloblastoma using a fibula osteocutaneous flap. Which of

the following is likely damaged?

a) Superficial peroneal nerve.

b) Deep peroneal nerve.

c) Saphenous nerve.

d) Tibial nerve.

3. The vascular pedicle for the following muscles originate from

the lateral circumflex femoral vessels, except

a) Vastus Lateralis.

b) Rectus Femoris.

c) Tensor fascia Latae.

d) Gracilis.

4. Neurovascular contents of Hunter’s canal include which of

the following:

a) Terminal part of the femoral artery.

b) Terminal part of the femoral vein.

c) Nerve to vastus medialis and terminal part of the obtura-

tor nerve.

d) Saphenous nerve.

e) All of the above.

5. 36 year old morbidly obese woman with a history of failed

medial gastrocnemius flap is scheduled for revision knee

arthroplasty and requires substantial amount of stable soft

tissue coverage:

a) Distally based rectus femoris flap.

b) Distally based gracilis flap.

c) Distally based vastus lateralis flap.

d) Free tissue transfer.

3.15.3 Answers

1. True.

2. b. Deep peroneal nerve.

3. d. Gracilis.

4. e. All of the above.

5. d. Free tissue transfer.
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4 Anatomy of the Trunk
Mario Rueda, Steven Rueda, Brendan Alleyne, Richard L. Drake, and Raffi Gurunluoglu

Abstract

This chapter shows that successful reconstructive surgery is

heavily dependent on a thorough understanding of the compo-

nents of truncal anatomy. The implications of thorough knowl-

edge for chest wall and breast reconstruction are obvious.

Additionally, tissues from the trunk can be used elsewhere as

free flaps. The authors describe the anatomy of the trunk, abdo-

men, pelvis, and posterior trunk. Each section begins with the

skeletal foundation and from there progresses into the fascia

and muscles and concludes with a discussion of the pertinent

vasculature.

Keywords: trunk, vascular anatomy, neural anatomy, muscular

anatomy, skeletal anatomy, angiosome, flap surgery

4.1 Goals and Objectives
● Understand the proper vascular, neural, muscular and bony

anatomy of the trunk in relation to plastic surgery.
● Appreciate that flap surgery is essentially applied anatomy.
● Know the anatomy well to maximize flap success and patient

safety.

4.2 Introduction
Reconstructive plastic surgery is often dependent on a thor-

ough understanding of the components of truncal anatomy.

Implications for chest wall and breast reconstruction are

obvious. Additionally, tissues from the trunk can be used else-

where as free flaps. The authors describe the anatomy of the

trunk, abdomen, pelvis, and posterior trunk. Each section

begins with the skeletal foundation and progresses into the fas-

cia, muscles, and concludes with a discussion of the pertinent

vasculature.

4.3 Chest
The superior border of the chest is made up by both clavicles

and the manubrium. The anterior axillary line, defined as a line

between the middle and lateral end of the clavicle, defines the

lateral border. The costal margin, defined by the edge of ribs 7

through 10, and the distal portion of the sternum define the

inferior border.

The hallmark of the superficial anatomy of the chest is the

breast tissue. It can extend from the second rib to the sixth rib

and from the sternum to the latissimus dorsi. The entire chest

wall has a superficial fascia that lies just deep to the skin and

subcutaneous tissue. Immediately over the breast tissue, this

fascia is divided into superficial and deep, surrounding the

breast tissue. In between these two layers, Cooper’s ligaments

run perpendicular, providing support to the parenchyma. Just

lateral to the midclavicular line, the nipple-areolar complex can

be found at the level of the fourth intercostal space.1

The breast has a very rich blood supply that is derived from

the internal thoracic perforators, thoracoacromial artery, lateral

thoracic artery, and intercostal vessels.2 The innervation is

mainly by the thoracic intercostal nerves branches from T2 to

T6. Although the exact nipple location can vary, the innervation

and blood supply remains constant at the level of the fourth

intercostal space, being provided mainly by T4 lateral cutane-

ous branch and the internal thoracic artery perforators.3

Inspection and examination of the chest reveals a groove on

the superior and lateral portion of it, which marks the clavipec-

toral triangle. It is bordered by the pectoralis major and deltoid

muscles as well as the clavicle. It contains the cephalic vein and

the clavipectoral fascia, which courses below the pectoralis

major. Deep to this triangle, the subclavian vein and subclavian

artery can be found.2

4.3.1 Skeletal Structure

The skeletal structure of the thorax is formed by the sternum,

the ribs, and the vertebral column. Additionally, the clavicles

connect the chest with both upper extremities.

The sternum is a convex, flat bone that can be found in the

center of the chest. It is divided into the manubrium, body, and

xiphoid process; the sternal angle marks the point where the

body joins the manubrium. On its lateral surface, it articulates

with costal cartilage from the first seven ribs. The clavicles also

articulate at the level of the manubrium. The manubrium serves

as the insertion of the sternocleidomastoid muscles. The body

serves as the origin of the sternocostal head of the pectoralis

major.2

There are seven pairs of true ribs and five pairs of false ribs.

True ribs connect directly to the sternum while false ribs do so

indirectly with costal cartilage from ribs above them. The supe-

rior border is the insertion point for the intercostal muscles,

while the inferior border has the intercostal neurovascular

bundle. The inner surface of the ribs is lined with pleura. The

head of the ribs articulate, with two facets, with the vertebral

column.

The clavicle is a double curved bone that articulates medially

to the manubrium and laterally to the acromion forming the

sternoclavicular and acromioclavicular joints. The first two-

thirds of the ribs have a concave anterior border, while the

posterior border is convex. The deltoid, trapezius, subclavius,

pectoralis major, sternocleidomastoid, and sternohyoid muscles

attach to the clavicle.4

The vertebral column will be discussed later in this chapter.

4.3.2 Muscles

The chest has four muscle groups that carry several mobility

and breathing functions. They are the pectoralis major, pectora-

lis minor, serratus anterior, intercostal, and subclavius muscles.

The pectoralis major is the most superficial muscle of the

chest. It has a fan-shaped appearance with fibers running from

its medial and superior origin to the lateral edge of the bicipital

groove of the humerus. The clavicular head originates from the
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anterior border of the medial portion of the clavicle superiorly

and the sternocostal head from the medial and anterior aspect

of the sternum as well as from the costal cartilage of ribs 2

through 6. It assists in the flexion and extension of the humerus

as well as in its adduction and medial rotation. The main blood

supply is derived from the pectoral branch of the thoracoacro-

mial trunk.5,6,7,8,9 On the medial aspect of the muscle, there are

additional perforator vessels which are derived from the inter-

nal mammary system. On the lateral portion, perforators from

the intercostal arteries and lateral thoracic artery also supply

the muscle.3 The dominant pedicle, or main blood supply com-

bined with the secondary segmental blood supply, classifies

this muscle as a Type V Mathes and Nahai flap.5 In plastic sur-

gery, this muscle is commonly used to cover local sternal

wounds. Innervation is accomplished by the lateral and medial

pectoral nerves that contract the clavicular and the sternocostal

head, respectively.6

The pectoralis minor is a flat and triangular muscle, deep to

the pectoralis major. The muscle has three heads that originate

from the external border of ribs 3, 4, and 5; the fibers then con-

verge into the internal border of the coracoid process of the

scapula. Its main function is to stabilize the scapula against the

chest wall. Blood supply is most commonly from the pectoral

branch of the thoracoacromial trunk and the lateral thoracic

artery. These two dominant pedicles classify this muscle as a

type III flap.5 It is often used to locally cover defects of the

shoulder and axilla but, it can also be used for breast implant

coverage as well as a functional muscle free flap when com-

bined with microsurgical anastomoses in facial reanimation.5 It

is innervated by the medial pectoral nerve and also receives

some innervation from the lateral pectoral nerve that passes

directly through it.10

The serratus anterior is a flat and thin muscle that lies in the

lateral wall of the chest. It originates from the first nine ribs and

it inserts on the medial border of the scapula. This muscle holds

the scapula against the chest wall and assists in the upward

rotation and protraction of the scapula. The superior portion of

the muscle derives its blood supply from the lateral thoracic

artery, while the lower portion from the thoracodorsal artery.11

This muscle has two dominant pedicles making it a type III

muscle flap. This muscle can be used in plastic surgery to assist

in breast reconstruction with coverage of an expander and it

also finds use as a functional free flap in facial reanimation.5 It

is innervated by the long thoracic nerve.12

The ribs are connected by a series of muscles that play a role

in the expansion and active relaxation of the chest cavity dur-

ing respirations. They accomplish this function in part by the

opposing directions of their muscle fibers. The deepest muscle

is the innermost intercostal followed by the internal intercostal.

The external intercostal muscle is the most superficial. Their

blood supply and innervation are derived from the neurovascu-

lar bundle that runs on the inferior aspect of each rib.

The subclavius muscle is a small fusiform muscle that is

located immediately below the clavicle and above the subcla-

vian artery. It originates just distal to the costal cartilage of the

first rib and inserts in the inferior surface of the middle third of

the clavicle.4 Protecting the brachial plexus and subclavian ves-

sels is part of the function of this muscle.13 It also assists in

shoulder depression. Blood supply derives from the thoracoa-

cromial trunk.

4.3.3 The Angiosome

Prior to the increased interest in microsurgical free flaps, little

importance was assigned to the superficial blood supply of

overlying skin. The organization of superficial vasculature terri-

tories of the skin and soft tissues has been described by the

angiosome model. Perforating vessels give rise to defined

islands of blood supply which vary in density according to

anatomic location. A total of 376 such vessels of 0.5mm or

greater diameter have been identified in the literature.14 Just

as in the dermatome model, where sensory nerve fiber over-

lap occurs, the angiosomes have similar watershed areas of

overlap. For instance, the head, thorax, and proximal limbs

have a larger but less dense angiosome pattern as compared

to the distal extremities.14 This network of vessels within

the skin assists our clinical guidance in the design of local

soft-tissue flaps for wound coverage, such as in the field of

plastic surgery.

4.3.4 Vasculature

The chest has several networks of blood vessels that supply the

skin and soft tissues (▶ Fig. 4.1). There are a series of vessels

that connect the subclavian and external iliac arteries and sup-

ply the anterior chest wall and the anterior abdominal wall

throughout their course. We will discuss the blood supply to

the anterior chest structures in this section.

There are two major vessels: the subclavian and axillary

arteries that are responsible for perfusion of not only the upper

extremities but also of the chest wall.

The subclavian artery originates from the brachiocephalic

trunk on the right and the aortic arch on the left. It travels later-

ally between the anterior and middle scalene muscles and

becomes the axillary artery after it crosses the lateral border of

the first rib. It gives rise to the internal thoracic artery, dorsal

scapular artery, and vessels that supply the neck.

The axillary artery originates on the lateral border of the first

rib and becomes the brachial artery after passing the teres

major. The pectoralis minor helps in further dividing this

vessel into three different parts. The first part is medial to

the muscle and gives rise to the superior thoracic artery.

The second portion of the vessel is immediately inferior to

the muscle and the thoracoacromial and lateral thoracic

arteries are derived from it. Finally, the third part is lateral

to the pectoralis minor and gives rise to the subscapular

artery, anterior humeral circumflex artery, and posterior

humeral circumflex artery.15

The branch of the subclavian artery that plays a key role in

supplying blood to the anterior chest wall is the internal thora-

cic artery. It travels within the thoracic cavity from its origin

toward its bifurcation into the superior epigastric and musculo-

phrenic arteries. It can be found lateral to the sternum, running

deep to the internal intercostal muscles but superficial to the

innermost muscles. During its course, it gives perforating ves-

sels through the second and sixth intercostal spaces, supplying

the pectoralis major and medial chest wall as well as medial

breast parenchyma.16 The internal mammary vessels, also

termed “the internal thoracic vessels,” can additionally be used

as recipient anastomotic sites for microsurgical free flaps in

breast reconstruction.

Chest
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The superior thoracic artery arises from the first part of the

axillary artery as its only branch and travels along the pectora-

lis minor border. It supplies the superior portion of the serratus

anterior as well as the first and second intercostal spaces.

The thoracoacromial artery is a very short trunk that is deep

to the pectoralis minor. It gives rise to four branches: pectoral,

acromial, clavicular, and deltoid. The pectoral branch travels in

between the pectoralis major and minor with small branches

supplying blood to them. Small perforators also supply the skin

on the superior and lateral aspect of the chest. The acromial

branch goes over the coracoid process and under the deltoid

muscles supplying these muscles. The clavicular branch pro-

vides blood supply to the subclavius muscle and the deltoid to

the pectoralis major and deltoid muscles.12,13.

The lateral thoracic artery usually travels at the lower border

of the pectoralis minor. It supplies the superior portion of the

serratus anterior. It has lateral perforators that supply the

breast parenchyma as well as the superior and lateral portion

of the skin and subcutaneous tissue of the thorax.17

The largest branch of the axillary artery is the subscapular

artery. It supplies the latissimus dorsi and also provides

branches to the inferior portion of the serratus anterior. It

begins its course at the lower border of the subscapularis

muscle and gives off two branches: the thoracodorsal and

circumflex scapular arteries.16 The branch that supplies the ser-

ratus is usually found superficial to the muscle accompanying

the long thoracic nerve.

The anterior and posterior circumflex humeral arteries are

also branches of the third part of the axillary artery. The

anterior circumflex artery runs in front of the neck of the

humerus and deep to the coracobrachialis and biceps brachii

muscles. It provides blood to the biceps brachii and the del-

toid muscle. The posterior humeral circumflex runs poste-

rior to the axillary nerve through the quadrangular space. It

also supplies the deltoid muscle as well as provides branches

to the teres minor.18

Finally, the anterior and posterior intercostal arteries also

play a role in the perfusion of the chest wall. The anterior por-

tion arises from the internal thoracic artery, while the posterior

portion arises from the thoracic aorta or the costocervical trunk

(a branch of the subclavian artery).19,20

4.4 Abdomen
The abdominal activity and the abdominal wall make up most

of the anterior trunk. It provides flexibility and facilitates mobi-

lity. It also provides protection for the abdominal organs.

Fig. 4.1 Vasculature supplying local muscle flaps of the thorax and abdomen. (a) Dorsal: A, Pectoralis Major flap (Thoracoacromial artery); B,

Pectoralis Major flap (Segmental internal mammary perforator vessels); C, Rectus abdominis muscle flap (Superior epigastric artery); D, Rectus

abdominis muscle flap (Deep inferior epigastric artery) (b) Frontal: A, Trapezius flap (Transverse cervical artery); B, Latissimus dorsi (Thoracodorsal

artery); C, Scapular flap (Circumflex scapular artery). Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography ©2016. All

Rights Reserved.
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4.4.1 Fascia

Immediately below the skin, we find Camper’s fascia, followed

by Scarpa’s fascia. Camper’s fascia is more prominent below the

umbilicus. As it progresses inferiorly, it becomes continuous

with the superficial thigh fascia of the thigh. Scarpa’s fascia is

connected to the external oblique muscle that is immediately

posterior to it. It forms the fundiform ligament, which is found

at the dorsum of the penis.15 At the inferolateral portion of the

abdominal wall, it is continuous with the fascia lata of the thigh,

just below the inguinal ligament. In males, toward midline,

Scarpa’s continues over the penis and scrotum, forming dartos

fascia. In females, it continues into the labia majora and forms

the fascia of Colles.4

4.4.2 Skeletal Structure

The middle and inferior portion of the trunk lacks the anterior

bony structure that is seen in the chest cavity. The anterior

abdominal wall lacks bony structures, giving the trunk mobility

and flexibility. The posterior skeletal frame and the most infe-

rior aspect of the trunk (vertebral column and the bony pelvis)

will be described later in this chapter.

Although not part of the anterolateral portion of the abdo-

men, the costal margin of the chest is the superior boundary of

the abdomen. Inferiorly the pubic tubercle defines the inferior

portion of the abdomen.

4.4.3 Muscles

The anterolateral abdominal wall is an extensive association of

muscles that extends from the costal margin to the inferior por-

tion of the trunk. The rectus abdominis, external oblique, inter-

nal oblique, transverse abdominal muscles, and their respective

aponeurosis form this structure. Several anatomical structures

are formed at the boundaries of these muscle groups.

The structure that is found in the midline of the abdomen is

known as linea alba. This predominantly fibrous white line is

formed by the convergence of the aponeurosis of the abdominal

muscles. It runs from the xiphoid process to the pubic symphy-

sis. It separates the right and left rectus abdominis muscles. In

this line, the umbilicus is situated, which is a scar that arises

after the obliteration of the umbilical cord.

The rectus muscles are encased by the aponeurosis of other

abdominal muscles that is known as rectus sheath. At approxi-

mately one-third of the distance between the umbilicus and the

pubic symphysis, we can identify a horizontal line known as

the arcuate line. Between the costal margin and this line, the

internal oblique aponeurosis divides into an anterior section

that passes over the rectus muscle and a posterior section that

passes under the rectus. The anterior internal oblique aponeu-

rosis is joined by the external oblique tendinous portion to

form the anterior rectus sheath. The posterior rectus sheath is

formed by the posterior aspect of the internal oblique aponeu-

rosis and the transversalis aponeurosis. Below the arcuate line,

the aponeurosis of the external, internal, and transverse abdomi-

nal muscles travel anterior to the rectus muscle. The lack of pos-

terior sheath at this level is what creates the arcuate line.

Just lateral to the rectus muscles, we can find the linea

semilunaris. This fibrous line can be found extending from the

cartilaginous portion of the ninth rib to the pubic tubercle. It is

formed by the internal oblique aponeurosis, as it divides to

enclose the rectus muscle.

The rectus abdominis is a long flat muscle that is found on

both sides of the abdominal wall. It originates at the pubic crest

and inserts to the costal cartilages of ribs 5 through 7 and

xiphoid process of the sternum. It is crossed by three bands of

fibrous tissues called tendinous intersections. This muscle assists

in the flexion of the lumbar spine and forceful exhalation. Its

blood supply derives from the superior and inferior epigastric

arteries. Due to the presence of these two dominant pedicles, the

muscle is considered a type III flap by the classification of Mathes

and Nahai. It has been extensively utilized as a flap in breast

reconstruction as well as for perineal defects.5 Innervation is

accomplished by the last six thoracoabdominal nerves (T7–T12),

which travel through the anterior rectus shealth.21

The pyramidalis muscle is also contained in the rectus sheath,

anterior to the rectus abdominis. This small triangular muscle

originates at the pubic symphysis and pubic crest and inserts at

the linea alba.4 It serves to tense the linea alba. It is supplied by

the same arterial vasculature supplying the rectus muscles.

The external oblique muscle is one of three flat muscles that

forms the anterolateral abdominal wall. It originates from the

fifth through the twelfth ribs and inserts in the iliac crest, pubic

tubercle, and the linea alba. It is the largest and most superficial

of the three lateral abdominal wall muscles. The medial aspect

of the muscle has a tendinous aponeurosis that in the midline

makes part of the anterior rectus sheath. The inferior portion of

the aponeurosis inserts into the anterior superior iliac spine

and the pubic tubercle, forming a defined edge known as ingui-

nal ligament. The external oblique muscle has a segmental

blood supply via the lateral cutaneous branches of the inferior

eight posterior intercostal arteries. This segmental vasculariza-

tion classifies this muscle as a type IV flap. This muscle finds

uses in coverage of the chest, posterior trunk, and abdomen, as

well as in breast reconstruction.5

Just deep to the external oblique, we can find the internal

oblique muscle. The muscle originates from the iliac crest, tho-

racolumbar fascia, and the inguinal ligament. It inserts in the

10th, 11th, and 12th ribs, as well as at the linea alba medially.

Its aponeurosis is part of the rectus sheath. The inferior aspect

of the muscle, corresponding to the muscle fibers that originate

from the inguinal ligament, forms an arch over the internal por-

tion of the inguinal ligament and joins the aponeurosis of the

transverse abdominal muscle forming the conjoint tendon. This

muscle’s circulation is derived from a dominant pedicle, a

minor pedicle, and a secondary segmental blood supply which

classify it as a type V flap. The dominant pedicle is the ascend-

ing branch of the deep circumflex iliac artery. The minor

pedicles are the lateral branches of the deep inferior epigastric

artery and the secondary segmental supplies are derived from

the lower thoracic and lumbar arteries. It is used in the cover-

age of groin, perineal, and greater trochanter wounds. It has

also been used as a free flap to the head and neck, upper

extremity, and lower extremity.5

The deepest of the abdominal wall muscles is the transverse

abdominal muscle. It originates from the iliac crest, thoracolumbar

fascia, inguinal ligament, and costal cartilage of the 7th through

12th ribs. The muscle inserts into the xiphoid process, linea alba,

and pubic crest. Similar to the other two muscles, the aponeurosis

forms the rectus sheath as well as the conjoint tendon.

Abdomen
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The external oblique, internal oblique, and transverse

abdominal muscles assist in the flexion and rotation of the ver-

tebral column. They also help increase intra-abdominal pres-

sure by pulling the chest cavity downward. These muscles

derived their blood supply from the lower thoracic intercostal

vessels. They are innervated by the thoracoabdominal nerve

routes extending from T7 to T12 and L1.4

4.4.4 Vasculature

The abdominal wall has an extensive network of vessels that

supply the different muscles and soft tissues. There are several

anastomoses throughout that ensure adequate collateral flow

and can be very helpful for the harvesting of grafts.

As a continuation of the thoracic intercostal vessels, the lum-

bar arteries supply a portion of the anterolateral abdominal

wall. They derive from the posterior portion of the abdominal

aorta. They travel horizontally toward midline, crossing behind

the sympathetic chain and on the right, posterior to the vena

cava. They perforate the transverse abdominal muscle and

travel in between this muscle and the internal oblique.

The superior epigastric artery supplies the superior portion

of the abdominal wall. It arises from the internal thoracic artery

at the levels of the sixth and seventh costal cartilage and anas-

tomoses with the inferior epigastric vessel at the umbilicus.

Superiorly, it travels anterior to the transverse abdominal

muscle and perforates the rectus muscle.22

The inferior epigastric artery supplies the lower portion of

the abdominal wall. It is a branch of the external iliac artery

and arises just above the inguinal ligament. It pierces the trans-

versalis fascia passing anterior to the arcuate line dividing into

a medial and lateral branch. Several perforates arise from these

branches supplying the subcutaneous tissue skin overlying the

abdominal wall.22 It continues to ascend in between the rectus

muscle and the posterior rectus sheath until it anastomoses

with the superior epigastric artery.

Another branch of the external iliac artery, the deep circumflex

iliac artery, arises opposite to the inferior epigastric artery. It trav-

els along the iliacus, posterior to the inguinal ligament, toward

the anterior superior iliac spine where it gives an ascending

branch. It anastomoses with the lateral femoral circumflex artery

at this level. The artery then pierces the transversalis fascia and

travels along the inner lip of the iliac crest where it gives rise to

periosteal branches. It then perforates the transverse abdominal

muscle and travels between this muscle and the internal oblique

muscle to anastomose into the iliolumbar and lumbar vessels.22

The superficial epigastric artery can be found arising from the

femoral vessel, below the inguinal ligament. It travels through the

femoral sheath and distally it continues anterior to the inguinal

ligament.23 The artery then travels in the subcutaneous tissue in

the lower abdomen supplying the overlying skin and adipose tis-

sue. The femoral artery also gives rise to the superficial circum-

flex iliac artery, which travels over the inguinal ligament in the

superficial fascia along iliac crest. It supplies the skin and subcuta-

neous tissue in the inferior portion of the abdominal wall.24

4.5 Pelvis
The most inferior aspect of the trunk is known as the pelvis.

As opposed to the superior portion of the trunk, where the

differences are mostly related to appearance and the presence

of breasts, the pelvis has obvious differences between both men

and women. The overall architecture of the pelvis is similar,

consisting of a bowl-shaped bony structure with muscles and

connection to the lower extremities. However, the perineal

anatomy and underlying organs differ between sexes. In the

next section, the anatomy of the pelvis will be reviewed.

4.5.1 Skeletal Structure

The pelvis is formed by the iliac bones bilaterally. It is formed by

three separate elements known as ilium, ischium, and pubis. In

adults, these three are fused into one bone as opposed to infants.

The ilium is divided into two parts: the ala and the body. The

arcuate line and the margin of the acetabulum separate the two

parts of this bone. The ala is the lateral boundary of the pelvis.

Its anterior and posterior borders have two projections: anteri-

orly they are known as the anterior superior iliac spine and the

anterior inferior iliac spine, and posteriorly the posterior supe-

rior iliac spine and posterior inferior iliac spine.4 The external

portion of the body of the iliac bone participates in the forma-

tion of the acetabulum and it has an articular segment as well

as a nonarticular one that forms the acetabular fossa.

The ischium forms the inferior and posterior aspect of the hip

bone. It also participates in the formation of the acetabulum.

Anterior to the ilium and ischium, we can find the pubic bone.

The ischium has an ischial body, an ischial spine, a tuberosity

and a ramus. The inferior ramus of the pubic bone units with

the iscial ramus to form the obturator foreman.21

The sacrum and coccygeal anatomy were described in the

back section. These bones articulate with the iliac bones poste-

riorly to form the sacroiliac joint. As opposed to most of other

body joints, its main function is to stabilize the union between

the trunk and the lower extremities and not movement. In

women, this joint may actually facilitate movement during

delivery.

An anterior joint is also formed by the symphysis pubis. It is

formed by the pubic area of both iliac bones. Similar to the sac-

roiliac joint, the symphysis pubis is not mobile and only partic-

ipates in the stabilization of the pelvis.

4.5.2 Muscles and Genitalia

The bony pelvis provides an open structure; however, there is

partial closure that is achieved by a series of muscles known as

pelvic floor and the perineum. Because of the structure of the

pelvic floor muscles, just inferior to it and lateral to the anal

canal, the ischioanal fossa is defined. It is deprived of muscular

fibers and filled with adipose tissue.4,16,21

Pelvic Floor

There are two important muscles that form the pelvic floor: the

levator ani and the coccygeus muscles. They work together to

form a concave structure in between the bony pelvis. In the

medial portion, there are defects that serve as conduits for the

rectum, vagina, and urethra in females and prostate in males.

The levator ani originates in the inner surface of the sidewalls

of the lesser pelvis and inserts into the contralateral levator, the

inner surface of the coccyx, and the viscera that goes through it.

The fibers of the levator that unite with the muscles from the
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opposite side as well as those fibers of the external sphincter

form the anococcygeal body at midline. It extends from the coc-

cyx to the margin of the anus.

Although the muscle is one single entity, it is divided into

four parts that reflect the insertion and direction of its fibers:

1. Puboprostaticus (men): Most medial fibers of the levator, it

originates in the pubis and incorporates into the prostatic

fascia.

2. Pubovaginalis (women): Originates in the pubis medially and

inserts into the vaginal wall.

3. Puborectalis: Lateral to the puboprostaticus/pubovaginalis.

Its course is from the pubis to the rectum. It travels posterior

to the rectum and along with its longitudinal muscle fibers,

it inserts into the fibrous tissue and perianal skin around the

anus.

4. Pubococcygeus muscle: Fibers are found lateral to the

puborectalis. It extends from the pubis and continues up to

the anococcygeal body and coccyx.

5. Iliococcygeus: Is the most lateral portion of the levator. Its

fibers course from the obturator fascia and the ischial spine

to the anococcygeal body and the coccyx.

Blood supply to the levator ani is provided by the inferior glu-

teal artery. The innervation to the muscle is provided by the

levator ani and inferior rectal nerves as well as the coccygeal

plexus. All derive from S3 and S4 branches.

The coccygeus muscle is a triangular muscle that courses

from the ischial spine to the lateral border of the sacrum and

the anterior face of the last two sacral vertebrae. It is located

posterior to the levator ani. It is innervated by S4 nerves.

The pelvic floor muscles are encased by fascia that is thin in

the inferior aspect of the muscles but that is thickened in the

endopelvic area.

Perineum

The perineum is composed by the fibromuscular structures that

close the inferior opening of the pelvis. There are several differ-

ences between the men and female perineum; however, they

are organized into two planes: a deep urogenital diaphragm

and a superficial plane associated with the anus and genitals.

When the pelvis is examined from its inferior opening, it can

be approximated by two triangles: the anterior triangle or uro-

genital triangle and the posterior triangle or anal triangle. Both

have vertices corresponding to the ischial tuberosities. The apex

of the anterior triangle corresponds to the symphysis pubis and

the coccyx corresponds to the posterior triangle.

In the anterior triangle, we find the deep transverse perineal

muscle. It is a triangular muscle that originates from the inferior

rami of the ischium and inserts into the contralateral muscle

forming a dense fibromuscular structure known as the perineal

body that is anterior to the anus and posterior to the urogenital

organs. It is involved not only in support of the viscera but also

in ejaculation and urination. It is innervated by the pudendal

nerve from sacral roots 2 to 4.

We can also identify the external sphincter muscle of the

urethra in the anterior triangle. It surrounds the membranous

urethra. In men, it extends distally and surrounds the prostate.

In women, there we can also find the urethrovaginal sphincter

muscle, whose fibers surround the female urethra and the

vagina. It is involved with continence and urination: upon

relaxation, there is flow of urine through the urethra and upon

contraction there is interruption of it. It is innervated by the

perineal branch of the pudendal nerve.

In the superficial plane of the perineum, we can find muscles

with variations depending on patient gender. This is the only

muscle found on the posterior aspect of the rectum at this level.

Its fibers travel around the anal canal from the perineal body to

the anococcygeal raphe. It resembles an arch that surrounds the

lateral, anterior, and posterior aspects of the anal canal main-

taining fecal continence. It is innervated by the rectal branch of

the pudendal nerve.

Male

The penis consists of the root, body, and glands. It is made by

three columns: two are located on the dorsal side and are

known as corpora cavernosa and the third column is located

ventrally and is called corpus spongiosum. They are surrounded

by a fibrous layer called tunica albuginea.25 In the proximal

penis, the corpus spongiosum becomes the bulb and the cor-

pora cavernosa the crura.

The erectile tissue is associated with the ischiocavernosus

and bulbospongiosus muscles. The ischiocavernous muscle

fibers cover the corpora cavernosa ending in the tunica albugin-

ea. It originates from the ischial tuberosity and inserts in the

crus of the penis. The bulbospongiosus muscles are located at

midline. They travel from the perineal body forward, forming a

raphe at their junction in the midline. The fibers at the origin

encase the erectile tissue. Posterior fibers form a thin layer that

may be absent on the most distal portions of the penis. Anterior

fibers travel along the sides of the corpora cavernosa and even-

tually insert into the corpora themselves. Middle fibers encase

the bulb of the penis. Blood supply for these muscles derives

from the perineal artery and their innervation is performed by

the perineal branch of the pudendal nerve. Their main function

is to maintain erection and in the case of the bulbospongiosus,

they assist in ejaculation.

Female

The corpora cavernosa are smaller in women and form the clit-

oris. The corpus spongiosus is substituted for the vestibular

bulbs. The ischiocavernous muscle is similar to that found in

men as it associates with the corpora cavernosa.

The bulbospongiosus muscles are significantly different from

the male counterpart as they are separated by the vagina. They

originate from the perineal body and travel on either side of the

vagina, covering the bulb of the vestibule, the superficial trans-

verse perineal muscles, and the greater vestibular glands. In

addition, women have an additional muscle that originates in

the perineal body and goes around the vagina: constrictor

muscle of the vulva.

From a functional standpoint, these muscles participate in

the erection process as well as sexual intercourse. Innervation

and blood supply is also done by the perineal branch of the

pudendal nerve and the perineal artery.

In both men and women, there is a fascia that covers the bulbo-

spongiosus, ischiocavernosus, and superficial transverse perineal

muscles and is known as Gallaudet fascia or deep perineal fascia.26

In males, fascia of the penis is continuous with this fascia.
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4.5.3 Other Differences between
Females and Males

Male

The male genitalia, besides the penis, also are significant for the

presence of testicles. They are surrounded by thickened skin

with hair follicles known as scrotum. Immediately below the

skin we can identify dartos fascia which is responsible for regu-

lating temperature for optimal spermatozoid function.27 There

is also an extension of the internal oblique muscle into the tes-

ticles known as the cremaster muscle. It inserts into the fascia

and helps retract the testicles.

Colles fascia, a continuation of the abdominal Scarpa’s fascia,

is continuous with dartos fascia. In addition, there is a thick-

ened extension of Scarpa’s from the linea alba to the lateral

aspects of the penis known as fundiform ligament.28 This liga-

ment, in conjunction with the suspensory ligament of the penis

that is attached to the pubic symphysis, helps support the penis

during erection and sexual intercourse.

Female

The most lateral aspect of female genitalia is called labia majora.

It is characterized by the presence of thick skin with multiple

hair follicles. Immediately below the skin, we find a continua-

tion of the abdominal Camper’s fascia that contains adipose

tissue. Deep to it, we find Colles’ fascia, which is similar to

males, is a continuation of Scarpa’s. This fascia is integrated into

the fascia lata of the medial thigh and forms the perineal thigh

crease at the level of the ischiopubic rami.28

Medial to the labia majora, the labia minora can be identified

at either side of the vaginal opening. They are covered with

squamous cell epithelium and are protected by lubricant pro-

duced by its glands. The vaginal opening is found at midline

and is also covered with squamous epithelium.

4.5.4 Vasculature

The vascular supply of the pelvic area for both males and

females derives from branches of the internal iliac vessels

(internal pudendal) and the femoral vessels (superficial and

deep external pudendal arteries). A brief summary of the main

branches seen are described below.

1. Inferior rectal artery: This artery derives from the internal

pudendal. This vessel pierces the obturator internus fascia

and its branches supply the gluteus maximus and the anal

canal. It anastomoses with the superior and middle rectal

arteries and the perineal artery.

2. Superficial external pudendal artery: This artery derives

directly from the femoral artery. It travels medially over the

spermatic cord/round ligament and supplies branches to the

penis and scrotum in men and labia majora in women.29

3. Deep external pudendal artery: This artery derives from the

femoral artery. As it travels medially along the adductor

longus, it is encased by the fascia lata. In men, it gives rise to

the external and internal anterior scrotal arteries supplying

the scrotum. In women, it gives rise to the anterior labial

artery that is responsible for supplying a portion of the labia

majora.16

4. Perineal artery: This artery derives from the internal

pudendal. It runs parallel to the junction of the inferior pubic

rami and the pubis, in between the bulbocavernosus and the

ischiocavernosus muscles. After supplying these two

muscles, in men, it continues toward the base of the penis to

give rise to the posterior scrotal branches: the internal and

external posterior scrotal arteries that supply the dorsum of

the scrotum and the spermatic cord fascia, respectively.30 In

women, it gives rise to the internal and external posterior

labial arteries that supply the labia majora and labia

minora.16 The internal pudendal artery is the dominant

pedicle in the Singapore flap, also known as the Pudendal-

Thigh flap. It is a type A fasciocutaneous flap with important

utility in the reconstruction of the vagina and scrotum and

defects of the perineum.5

5. Dorsal and deep arteries of the penis (men)4: They are both

derived from the internal pudendal artery. The dorsal artery

ascends into the penis between the crus and the symphysis

pubis, in between the dorsal nerve and dorsal vein. It

supplies the fascia of the corpora cavernosum on the dorsal

aspect. The deep artery is situated in between the fascia of

the urogenital diaphragm and after piercing it travels into

the corpora cavernosum to supply it.

6. Dorsal and deep arteries of the clitoris (women): Both

arteries are terminal branches of the internal pudendal

artery. The dorsal artery of the clitoris pierces the fascia of

the urogenital diaphragm to reach the dorsum of the clitoris,

prepuce, and glans. Similarly, the deep artery of the clitoris

also pierces through the urogenital diaphragm and supplies

the crus of the clitoris.21

4.6 Posterior Trunk
The stability and mobility of the trunk is dependent on the skel-

etal structure and muscles of the back. It provides protection as

well as support for motility. Despite having the same underly-

ing muscles, the appearance of the posterior trunk may differ

between men and women. The typical male back is triangular

in appearance with a broad proximal portion. Females, on the

other hand, will have a back resembling an hour-glass.

These soft tissues of the posterior trunk are covered with skin

that is characterized by a thicker dermis than that of the rest of

the body. The spinous processes are covered by a dense fascia

that forms adhesions to the dermis, providing protection from

shear trauma.

In addition, we can also find the thoracolumbar fascia. This

membrane covers the muscles of posterior trunk and is made up

of an anterior, middle, and posterior layer.31 On the most proximal

portion, it can be found superficial to the serratus posterior supe-

rior and it is continuous with the nuchal fascia. It can be found

medially attached to the spinous processes of thoracic vertebrae

and laterally to the angle of the ribs. On the most distal portion, it

extends into the posterior iliac spine. The quadratus lumborum is

encased in between the anterior and middle layers while the erec-

tor spinae is encased in between the posterior and middle layers.

4.6.1 Skeletal Structure

The mainframe of the neck and trunk is the vertebral column. It

is located on the posterior aspect of the trunk and it extends
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from the cranium to the pelvic bony structure. It comprises 32

to 34 vertebrae divided into 7 cervical, 12 thoracic, 5 lumbar, 5

sacral, and 3 or 5 coccygeal vertebrae. The last two groups are

fused to form two solid bones: the sacrum and coccyx.

The functions of the vertebral column include support, motil-

ity, and protection. The entire weight of the head and neck,

trunk, and upper extremities is sustained by this structure and

is transmitted to the lower extremities. The flexibility provided

by the articulations between the vertebrae allows for extensive

motion. Finally, the column forms a protective cavity in its pos-

terior aspect that encases the spinal cord.

Although part of the upper extremity bony structure, the

scapula is associated with several back muscles. This flat and

triangular bone lies over the posterior aspect of the first seven

ribs. The anterior portion has a concavity that is called the sub-

scapular fossa and faces the thoracic cavity. The posterior aspect

faces the back skin and contains a transverse elevation known

as the spine of the scapula. Immediately above the spine, we

find the supraspinous fossa where the supraspinatus muscle

originates immediately below the infraspinous fossa where the

infraspinatus muscle originates. On the lateral aspect of the

scapula, we find the acromion, a long triangular border that

receives insertions of different muscles.

4.6.2 Muscles

Multiple muscles that are present on the posterior aspect of the

trunk are intimately associated with upper extremity motion as

well as with movement of the spine and body. The groups of

muscles can be grouped into three planes: deep, intermediate,

and superficial. The deep plane is made by the paraspinous

muscles; the intermediate plane is formed by the serratus pos-

terior muscles; the superficial plane is formed by muscles that

are closely associated with the upper extremities.

Deep Plane

Deep plane is made by the paraspinous muscles. They extend

from the cranium to the sacrum. From a functional point of

view, these muscles are responsible for the extension and rota-

tion of the vertebral column. They have been divided into four

groups according to their location in the posterior trunk: the

deepest layer known as the transversospinal muscles that

includes the rotators, semispinalis, and multifidus muscles; the

intermediate layer of muscles, named the erector spinae

muscles that includes the longissimus, spinalis, and interspina-

lis muscles; and the most superficial layer known as the spino-

transverse muscles that include the capitis and splenius cervicis

muscle.32 The paraspinous muscles have a dual segmental blood

supply of the posterior intercostals as well as branches of the

lumbar arteries. This is a type C fasciocutaneous flap with uses

in sacral and spinal defect coverage.5

Intermediate Plane

The serratus posterior superior and inferior lay between the

paraspinous muscles and the superficial plane muscles. They

are thin and elongated distinct muscles. The superior originates

from the spinous processes of C7–T3 and inserts into the upper

borders of ribs 2 to 5. The inferior serratus originates from the

spinous processes of T11–L2 and inserts into the inferior bor-

ders of ribs 9 to 12. The serratus posterior superior elevates the

ribs participating in inspiration while the inferior depresses the

ribs and participates in expiration. Blood supply is derived from

corresponding intercostal vessels. Innervation of both muscles

is done by the intercostal nerves, with second to fifth nerves

supplying the superior and ninth to eleventh nerves supplying

the inferior.

Superficial Plane

The trapezius muscle is a large, flattened, and triangular muscle

that when seen with the contralateral side forms a characteris-

tic trapezium. It originates from the nuchal ligament, ligamen-

tum nuchae, and spinal processes of vertebrae C7–T12. It

inserts into the clavicle, acromion process, and the scapular

spine. The trapezius intervenes in most of the motion that

involves the scapula with the different portions of the muscle

elevating, retracting, or externally rotating this bone. The domi-

nant blood supply is provided by branches of the transverse

cervical artery. The muscle also has three minor pedicles (dor-

sal scapular vessels, branches of the occipital vessels, as well as

posterior intercostal perforators) which make it a type II flap. It

is used in coverage of defects involving the skull, posterior

trunk, and shoulder.5 Finally, the trapezius is innervated by the

spinal accessory nerve (CN XI) and C3 and C4 cervical nerves.

Another group of muscles involved in the retraction of the

scapula are the rhomboid major and minor. They are immedi-

ately under the trapezius muscles and are part of the posterior

trunk musculature. The muscles originate in the spinous proc-

esses of C7 through T5 and insert in the medial border of the

scapula. The fibers of the rhomboid minor are superior to those

of the rhomboid major. Besides retracting, in combination with

the pectoralis minor, contraction of the muscle can help inter-

nally rotate the scapula. The blood supply of these muscles is

provided by the dorsal scapular artery and the innervation by

the dorsal scapular nerve (C4 fibers).21

The levator scapula is a flat and elongated muscle that is deep

to the scalene muscles and hidden by the sternocleidomastoid

and trapezius muscles. It originates from the transverse proc-

esses of C1–C4 vertebrae and inserts in the medial border of the

scapula. It assists the trapezius in elevation of the scapula and

can assist in the internal rotation of the scapula. Blood supply is

provided by the dorsal scapular artery. Innervation is carried

out by the dorsal scapular nerve (C5 fibers).4

The latissimus dorsi is a triangular flat muscle that covers the

posterior and inferior aspect of the trunk. The superior portion

of the muscle is covered by the trapezius. The muscle originates

from the thoracolumbar fascia, posterior aspect of the iliac

crest, external aspect of the four last ribs, and the scapula. The

muscle participates in the extension, internal rotation, and

adduction of the arm. The dominant blood supply is from the

thoracodorsal artery. It also receives secondary segmental

blood supply from lateral and medial perforating vessels, from

the lumbosacral fascia and lumbar arteries. It is classified as a

type V flap and has found extensive uses in coverage of chest,

abdomen, and head and neck defects. This is a true workhorse

flap that is used in reconstruction both as a local flap as well as

a free tissue transfer with relatively minor donor-site morbidity

and a potential for large defect coverage.5 In the medial aspects,
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the lumbar and intercostals also supply the muscle. The thora-

codorsal nerve supplies the latissimus dorsi.

The subscapularis muscle is directly involved with arm

motion. This muscle is triangular in shape and originates in the

subscapular fossa, occupying the anterior portion of the scap-

ula. It inserts into the lesser tubercle of the humerus, making

this muscle a participant in the medial rotation and adduction

of the arm. It forms most of the posterior axillary wall. Blood

supply to this muscle is provided by the subscapular artery.

Innervation is via the superior and inferior subscapular nerves.

A thick and short muscle, the supraspinatus originates in the

supraspinous fossa of the scapula and inserts into the greater

tubercle of the humerus. The tendon travels superior to the gle-

nohumeral joint and just below the acromion. It participates in

the abduction of the arm. Its blood supply derives from the

suprascapular artery and its innervation from the suprascapu-

lar nerve.33

The infraspinatus is a triangular muscle that originates in the

infraspinous fossa. Similar to the supraspinatus, it inserts in the

greater tubercle of the humerus and is innervated by the supra-

scapular nerve. It participates in the external rotation of the

humerus. The suprascapular and circumflex scapular arteries

supply this muscle. Innervation is provided by the suprascapu-

lar nerve.

Deep to the infraspinatus, an elongated and flattened muscle

can be found: the teres minor. This muscle originates from the

external portion of the supraspinous fossa of the scapula, just

below the infraspinatus muscle. It covers the posterior aspect of

the glenohumeral joint and inserts into the major tuberosity of

the humerus. This allows the muscle to externally rotate the

humerus. The circumflex scapular artery is responsible for

blood supply to this muscle. The axillary nerve innervates this

muscle.

The teres major is located deep to the teres minor muscle. It

originates from the inferior portion of the infraspinous fossa

(near the inferior angle of the scapula) and inserts in the inter-

tubular groove of the humerus. It adducts and internally rotates

the humerus. The blood supply of the teres major derives from

the thoracodorsal and circumflex scapular artery. It is inner-

vated by the lower subscapular nerve.

4.6.3 Vasculature

The subscapular artery arises from the axillary artery as its larg-

est branch. It closely follows the subscapularis muscle into the

inferior portion of the scapula where it anastomoses with the

intercostal arteries, the lateral thoracic artery, and the dorsal

scapular artery. It gives rise to two branches34:

1. Circumflex scapular artery: It travels through the triangular

space that is defined by the teres minor superiorly, teres

major inferiorly, and the triceps laterally.16 It supplies

perforators to the lateral border of the scapula. Covered by

the teres minor, the circumflex scapular artery enters the

infraspinatus fossa. It anastomoses with the transverse

scapular and the dorsal scapular arteries. This is the

dominant blood supply for scapular and parascapular

flaps. A type B fasciocutaneous flap which can also be

raised with as an osteocutaneous (portion of the scapula)

flap for mandibular, upper, and lower extremity

reconstruction.5

2. Thoracodorsal artery: Accompanied by the thoracodorsal

nerve, this artery travels inferiorly deep to the latissimus

supplying this muscle. It continues to descend and supplies

the inferior portion of the serratus anterior. It provides the

angular artery that supplies the angle of the scapula and can

be found between the serratus anterior and the teres

minor.34

The suprascapular artery branches off the thyrocervical trunk.

It descends deep to the sternocleidomastoid muscles and con-

tinues its course by traveling deep and parallel to the subclavius

muscle and the clavicle. It then enters the supraspinatus fossa

and travels between the supraspinatus muscle and the scapula

providing perforators to this muscle. It then descends into the

infraspinatus fossa where it supplies the infraspinatus muscle

and eventually anastomoses with the circumflex scapular

artery and the transverse cervical artery.

The transverse cervical artery is also a branch of the thyro-

cervical trunk. It courses anterior to the omohyoid and toward

the trapezius. Once deep to this muscle, it divides into a super-

ficial and deep branch16:

1. Superficial cervical artery: It is found deep to the anterior

margin of the trapezius. It courses superiorly and supplies

the middle and lateral portions of this muscle.

2. Dorsal scapular artery: This deep branch comes most of the

time from the subclavian artery. However, in one-fourth of

the population, it can branch from the transverse cervical

artery. It passes deep to the levator scapulae into the

superior angle of the scapula and then descends under the

rhomboid muscles.

The superior gluteal artery is the largest branch of the internal

iliac artery. This artery courses posteriorly and passes through

the greater sciatic foramen and continues in between the piri-

formis muscle and the gluteus medius.35 It finally supplies the

gluteus maximus.

The inferior gluteal artery is also a branch of the internal iliac

artery. It travels downward through the lesser sciatic foramen,

down the piriformis muscle, deep to the pudendal artery, and

through the greater sciatic foramen.35 The superior and inferior

gluteal arteries comprise the two dominant pedicles of the glu-

teal flap. This is a type III flap with uses in coverage of defects of

the sacrum, trochanter, and ischium, as well as for the recon-

struction of the anus and vagina.5

4.7 Review Questions

4.7.1 True or False

1. The transverse abdominis plane (TAP) block is a peripheral

nerve block designed to anesthetize the nerves supplying the

anterior abdominal wall (T6 to L1). TAP block is performed

by infiltration of the local anesthetic in the plane between

internal oblique and transversus abdominis.

4.7.2 Choose the Best Answer

2. A 60-year-old male patient with a history of coronary artery

bypass grafting using the left internal mammary artery

developed a sternal wound that required serial
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debridements. The wound is ready for reconstruction. Which

of the following flaps cannot be reliably used in this patient?

a) Omental flap.

b) Pectoralis major flap, right sided.

c) Pectoralis major flap, left sided.

d) Rectus abdominis flap, left sided.

3. A 55 year old female patient is considered for unilateral

small-to-moderate size autologous breast reconstruction.

She has a history of abdominoplasty. All of the following may

be an option for reconstruction, except

a) Deep inferior epigastric artery perforator flap.

b) Superior gluteal artery perforator flap.

c) Inferior gluteal artery perforator flap.

d) Transverse upper gracilis (TUG) flap.

4. A 60 year old male patient is preparing to undergo posterior

components separation and transverse abdominis release

with mesh placement and free tissue transfer for stable soft

tissue coverage. Which of the following are the most

commonly utilized recipient vessels for microvascular

anastomoses?

a) Superior epigastric vessels.

b) Superficial epigastric vessels.

c) Deep inferior epigastric vessels.

d) Internal thoracic vessels.

e) Femoral vessels.

5. Which of the following is true regarding internal thoracic

vessels when used as recipient in microsurgical breast

reconstruction:

a) The artery has high pressure to allow good inflow.

b) Allow better medial positioning of the flap.

c) Allow earlier physical therapy.

d) Relatively spared after radiotherapy.

e) All of the above.

4.7.3 Answers

1. True.

2. d. Rectus abdominis flap, left sided.

3. a. Deep inferior epigastric artery perforator flap.

4. c. Deep inferior epigastric vessels.

5. e. All of the above.
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5 Surgical Principles: Grafts, Flaps, Microsurgery
Mark Leyngold and Adam J. Katz

Abstract

This chapter examines the different types of grafts and their

clinical application in wound reconstruction. Assessment of

wounds is discussed, followed by the proper operative tech-

niques for each type of wound. Instructions are also provided

involving postoperative care. Receiving special treatment are

the various grafts available to the surgeon, including fat, carti-

lage, bone, tendon, and nerve grafts. The various types of flaps

are described, along with the proper technique for flap transfer.

Of special significance the attention is given to the principles

and techniques of microsurgery paramount, reconstruction of

complex defects.

Keywords: skin graft, split-thickness skin graft (STSG), flap,

microsurgery, imbibition, Mathes-Nahai musculocutaneous flap

classification

5.1 Goals and Objectives
● Describe different types of grafts and their clinical application

in wound reconstruction.
● Describe different types of flaps, their clinical application, and

relevance.
● Understand the basic concepts of applications of

reconstructive microsurgery, microvascular operative

techniques, postoperative management, and outcomes.

5.2 Grafts

5.2.1 Anatomy

The skin varies among individuals depending on their age, eth-

nicity, genetics, diet, sun exposure, and area of the body. In

early childhood the skin is thin, but from age 10 until about 35

years it continues to progressively thicken. Sometime in the

fourth decade, the dermis starts to thin again, elasticity

decreases and sebaceous skin content decreases, and this phe-

nomenon is progressive until the person dies.

The skin also varies according to area of the body, for exam-

ple, the skin of the eyelids, upper extremity, medial thigh, and

postauricular area is thinner than skin on the buttock area,

palms, and soles of the feet. Approximately 95% of the skin is

dermis, while the other 5% is epidermis.1 The dermis contains

sebaceous glands. Sweat glands and hair follicles are located in

the subcutaneous fat just beneath the dermis. The skin vascula-

ture is superficial to the superficial fascia and parallels the skin

surface.

5.2.2 Terminology and Properties
of Skin Grafts

Split-thickness skin graft (STSG) contains epidermis and varia-

ble amount of dermis. It can be used to resurface large surface

areas as the donor site does not require closure and generally

can be left to heal via secondary intention. STSG has good “take”

and vascularizes well. On the minus side, thin STSG tends to

shrink considerably, pigment abnormally, and is very suscepti-

ble to trauma.2 Full-thickness skin graft (FTSG) contains epider-

mis and the entire dermis. The donor site, unlike that of STSG,

has to be closed primarily or reconstructed with a STSG or other

means making this type of graft limited in supply. FTSGs are

thicker and therefore require a well-vascularized wound bed to

survive. On the plus side, they have better color match, have

less secondary contraction, and tend to look better and feel

more natural when compared to STSGs. Common donor sites

for FTSG include, but are not limited to, the supraclavicular

area, pre- and postauricular skin, the neck region, forearm/arm,

abdomen, and the groin region. Common STSG donor sites

include inner and outer thigh region, buttock region, and scalp.

5.2.3 Graft Take

Skin graft take occurs in three phases. The first phase consists

of serum imbibition and lasts 24 to 48 hours. This is followed

by an inosculatory phase and a process of capillary ingrowth

that occurs essentially simultaneously, until generalized blood

flow has been established by the fifth or sixth postoperative

day (▶Table 5.1).

Retention of the function of skin appendages often depends

on graft thickness. Thin grafts often have deficient functions of

sebaceous glands and thus have dry and brittle appearance.

Only FTSGs retain the full ability to grow hair and have normal

sweat and oil secretion.

5.3 Preoperative Considerations
Wounds considered for skin grafting must have a well-vascular-

ized recipient bed. If a wound does not have a vascularized bed,

a flap which by definition brings its own blood supply should

be considered. Other factors such as cleanliness of the wound,

absence of infection, nutritional status, and the presence of

healthy granulation tissue should be considered. A value of 105

CFU/g of tissue is a good indicator and prognostic factor for

graft take; however, nothing can substitute for sound clinical

judgment from an experienced surgeon in regard to wound

condition. Thus, unhealthy appearance far supersedes the value

of microbiologic studies.

Table 5.1 Phases of skin graft healing

Phase Days Physiologic event

1. Plasmatic

imbibition

0–2 Provides initial support to the

graft during post–graft

ischemia. Graft gains fluid

from edema

2. Inosculation 2–4 Connection of graft and host

vessels

3. Revascularization 5–7 Restoration of flow in

inosculated vessels and

formation of new vascular

channels to supply the graft
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For wounds amenable to skin grafting, the next important

decision is whether to use an FTSG or an STSG. Despite better

take of STSG and ability to reconstruct larger surface areas, one

needs to consider the degree of graft contracture and cosmetic

appearance. The decision should be individualized based on

specific patient and anatomic wound location. For instance in

areas such as over a joint (i.e., elbows, axilla, and neck) or facial

region, FTSG would likely produce a superior outcome due to

lower rate of secondary contracture and better color match.2

5.4 Operative Technique

5.4.1 Split-Thickness Skin Graft Harvest

Thigh wound should be prepped widely or circumferentially.

Any povidone iodine should be completely removed prior to

harvest. The size of the graft required should be known and

measured out and marked on the thigh. Generally, the graft

should be 10 to 15% larger than the size of the wound unless

meshing is planned. Lateral or medial thigh regions can be used

and it is preferable to harvest the graft higher toward the groin

to avoid visible scars. Mineral oil is commonly used to lubricate

the skin prior to harvest. The harvest is commonly performed

with a dermatome set at appropriate thickness and width.

Thickness is often set at 0.014 to 0.015 in and can be checked

with a no. 15 blade. Tension on the skin is applied with proxi-

mal and distal traction. The dermatome is angled at 45 degrees,

and with one smooth motion the graft is harvested and placed

in sterile saline. The donor site should be immediately covered

with epinephrine solution–soaked sponges to prevent excessive

bleeding. If meshed graft is desired, meshers are available with

variable templates for meshing from 1.5:1 to 3:1 ratios. The

meshed graft is then secured to the recipient wound either

with chromic sutures or staples. The graft is dressed with a

bolster dressing of choice or a NPWT dressing at 75mm Hg of

suction. The donor site is generally covered with a semiocclu-

sive dressing (i.e., Opsite, Tegaderm, etc.) or xeroform.3

5.5 Postoperative Care
A pressure dressing or bolster is left in place for 5 to 7 days and

then the graft is examined. If an NPWT dressing is used, it can

be left on for a week. For FTSG, this period is varied and could

be anywhere from 5 days for eyelids to 2 to 3 weeks for nipple

grafts. If an extremity was grafted, early postoperative immobi-

lization, splinting, compression, and extremity elevation are

required. If the graft is adherent, Xeroform dressing or Adaptec

is applied and reinforced with gauze and bandages that should

be changed every day or every other day for the first 3 weeks to

prevent desiccation. This can be switched to Vaseline and/or

lotion once the graft is healed to prevent drying out. The pa-

tient should continue to avoid any shearing to the graft or

excessive ambulation or activity to avoid injuring the new skin

graft (▶ Fig. 5.1a,b).

The donor-site dressing remains in place for about 10 days

while allowing epithelialization of the wound and generally can

be removed after this period. When Xeroform is used, it is typi-

cally not removed but gradually trimmed as the wound heals

and epithelializes (▶ Fig. 5.1c). It is also important to warn

patients that they will have a potentially visible patch of discol-

ored skin on their thighs.3

5.5.1 Other Types of Grafts

Fat Grafts

Fat grafting has gained popularity recently among plastic sur-

geons. It can be a useful adjunct to both reconstructive and cos-

metic surgeons. Fat is commonly used in breast reconstruction

to correct asymmetries and add volume, in facial rejuvenation

Fig. 5.1 (a) A 43-year-old woman with a left leg clean fasciotomy wound after compartment syndrome; (b) same patient 2 months after split-

thickness skin graft (STSG) reconstruction; (c) STSG thigh donor site covered with Xeroform.

Postoperative Care
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as a permanent filler to add volume and restore youthful facial

appearance, and in many other challenges such as scar manage-

ment and body contouring procedures. The literature is replete

with studies and reports about fat-grafting techniques and out-

comes, and many of these present contradictory findings. This

makes a choice of methods/practice confusing for one new to

the field. In general, the goal of fat grafting is to achieve a pre-

dictable and reproducible outcome. Tissue fragments within

the graft survive initially by diffusion, just as with a skin graft.

Although relatively simple from a technical standpoint, fat

grafting is actually a complex process when viewed in its

entirety or from a process engineering perspective. It involves a

number of steps, including donor-site preparation, tissue/graft

harvest, tissue/graft washing and preparation, tissue/graft

delivery, and graft/recipient site preparation and care. Each of

these steps is associated with a large number of variables and

options that may alter the final outcome of the procedure. For

this reason, it is difficult to design and carry out well-controlled

studies that will yield robust data.

Although the topic of fat grafting could cover an entire chap-

ter itself, a few basic principles will be mentioned. First, logic

would dictate that repeatable and predictable volume mainte-

nance requires that the tissue/graft physiology be returned to

normal physiological status as much as possible prior to graft-

ing.4 A large burden of free oil, for instance, can release fatty

acids to the surrounding tissues and/or reduce pH, resulting in

cell membrane damage. Ideally, the graft should have a known

and reproducible aqueous fraction, as this is a volume that will

be lost after grafting via resorption. If the graft has a large aque-

ous component, it will be easier to inject and will be associated

with less shear force, but will require relatively more overcor-

rection to maintain volume. If the graft is particularly concen-

trated, it will be harder to push through a cannula and result in

more cellular damage from shear stress. To minimize cell

trauma and damage, it makes sense to use larger bore syringes

(i.e., catheter tip syringe vs. Luer lock syringe) and larger bore

cannulae for graft delivery. A standard Luer syringe has an

internal diameter of 1.8mm at the tip. The use of syringes, nee-

dles, and cannulae with a diameter of 2.5 to 3.0mm is likely to

result in less shear force and cell damage when all other varia-

bles are held constant. Further discussion of the many facets

and considerations surrounding fat grafting is beyond the scope

of this chapter, but the reader is referred to a number of reviews

on the subject.5,6,7,8

Cartilage Grafts

Cartilage grafts are often helpful during nasal, ear, or eyelid

reconstruction or during rhinoplasty. The three most common

sites for cartilage harvest include costal rib cartilage, conchal

bowl of the ear, and nasal septum. Cartilage can be harvested

with or without perichondrium. The characteristics of the carti-

lage are usually maintained at the recipient site, and will usu-

ally maintain the natural shape of the cartilage. Nasal septal

and auricular cartilage are most often used in nasal surgery, as

spreader grafts, or tip reconstruction/augmentation. Costal car-

tilage is most often used for nasal dorsum and external ear

reconstruction. Cartilage donor sites are generally inconspicu-

ous and the material itself is indispensable for achieving the

desired results.

Bone Grafts

Bone grafts are common and are often used for reconstruction

of the mandible, long bones of extremities, and the facial skele-

ton (▶ Fig. 5.2). Autogenous bone grafts or allografts can be

used according to surgeon’s preference and the type and extent

of the defect. For example, in a patient who needs reconstruc-

tion of a large mandibular defect with a history of prior radia-

tion, a free fibula graft is a far superior option as compared to

an allograft or a nonvascularized bone graft. In general, allog-

rafts have less osteoinductive and osteoconductive properties

than autogenous bone grafts but have the distinct advantage of

absence of donor-site morbidity. Four general types of autolo-

gous bone grafts are described: cancellous grafts, cortical grafts,

cortico-cancellous nonvascular grafts, and free vascularized

grafts. Cancellous grafts are typically used for reconstruction of

the alveolar cleft, nasal reconstruction, or in hand reconstruc-

tion after removal of a bone cyst. They tend to vascularize bet-

ter than cortical grafts but require longer time to gain

structural stability and strength. The main mechanism for new

bone formation is osteoconduction. Cortical bone grafts take

longer to vascularize but may provide better initial stability.

They have more limited osteoinductive and osteoconductive

properties. Fixation of bone grafts has been shown to reduce

graft resorption when grafts are placed under mobile tissues.

Some of the common donor sites include calvarium, iliac crest,

fibula, rib, and distal radius.3

Tendon Grafts

Tendon grafting is useful in the management of various upper

extremity injuries and defects. It can be done acutely in one

stage if the wound is clean with adequate soft-tissue coverage

and tendon donor sites are available outside of the zone of

injury. If this is not possible, reconstruction can be performed

in two stages. In the first stage, silicone rods can be placed to

allow for tendon bed preparation, and in the second stage these

can be removed and replaced with an appropriate graft. The

palmaris longus and plantaris tendons are ideal tendon grafts

as they are expendable and easily accessible. It is important to

remember that about 20% of patients lack either a palmaris lon-

gus or plantaris tendons.

Fig. 5.2 Iliac bone graft designed for nasal reconstruction.

Science and Principles
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Nerve Grafts

Nerve grafts are commonly used in hand trauma, upper

extremity, and facial reconstruction and facial reanimation.

Nerve grafts can be allografts or autografts depending on sur-

geon’s preference. When autograft is used, one has to consider

denervation somewhere and sensory deficit. Sural nerve is by

far the most common nerve utilized for grafting. It courses

along the posterolateral ankle and is easily accessible. It is

important to inform the patient that grafted nerve is not imme-

diately healed and it may take months until the final result is

achieved. Nerve graft essentially serves as a conduit for axonal

growth, which typically begins at 2 weeks after grafting and

continues 1mm/day until the target is reached.

5.5.2 Flaps

A flap is defined as a tissue with its own blood supply. This

is contradistinction to grafts, which are transplanted with-

out a blood supply. Flaps can include skin, combination of

skin and fascia, musculocutaneous flaps, muscle flaps, bone

flaps, or composite bone, muscle, and skin flaps (osteocuta-

neous).

McGregor and Morgan categorized flaps as random or axial.

Random pattern flaps lack significant bias in their vascular pat-

tern, whereas axial pattern flaps are single-pedicle flaps that

encompass an anatomically recognizable arteriovenous system

along their long axes. Random cutaneous pattern flaps obtain

their blood supply from the subdermal plexus and have limited

dimensions as determined primarily by base width and may

require surgical delay.9

Technique of Flap Transfer

Cutaneous flaps can be classified according to the technique

used for flap transfer and the distance between donor and

recipient site.

Rotational flaps are semicircular and design and rotate about

a pivot axis. The donor site can be closed primarily or skin

grafted. To facilitate closure, a burrows triangle or a back cut

can be made. If a back cut is made, one has to make sure not to

undermine the blood supply to the flap.

Transposition flaps are rotated (laterally) about a pivot point

into an immediately adjacent defect. Because the effective

length of the flap becomes shorter the farther the flap is

rotated, the flap must be designed longer than the defect to be

covered, otherwise a back cut may be necessary. The flap donor

site can be closed primarily, with a skin graft or another flap

such as a bilobed flap.

Rhomboid flap is another type of transposition flap. Limberg

flap is commonly used to reconstruct cutaneous defects. It is

designed with 60- and 120-degree angles opposing each other.

Four different types of flaps can be designed around angles of

60 degrees with recruitment of skin from the area of most

laxity (▶ Fig. 5.3).10

Musculocutaneous Flaps

Musculocutaneous flaps are composites of skin, subcutane-

ous tissue, fascia, and muscle supplied by a dominant

pedicle. A good example of such wound would be the latissi-

mus dorsi, pectoralis major, or rectus abdominis musculocu-

taneous flaps. There are advantages to muscle flaps. In

addition to superior closure of dead space compared to ran-

dom pattern flaps, they also are more resistant to infection

and show increased blood flow following elevation and

transfer. The clinical application of muscle to infected

wounds has been successful in osteomyelitis, postthoracot-

omy mediastinitis, and prosthetic grafts.11,12,13

Muscle Flaps

Classification of the blood supply to individual muscles was

established by Mathes and Nahai in 1979. The authors

described five types of muscle on the basis of their circulatory

patterns (▶ Table 5.2) muscle flaps have similar properties to

musculocutaneous flap but have the distinct difference in the

fact that a skin island is not transferred with the flap. This can

be useful when a large area needs to be covered.14

5.6 Fasciocutaneous Flaps and
Perforator Flaps
As new techniques are being developed there is a trend in plas-

tic surgery toward more and more utilization of fasciocutane-

ous and perforator flaps. These flaps gained their popularity

due to their muscle sparing properties, minimal donor-site

morbidity, similar effectiveness in wound coverage as com-

pared to muscle flaps (proven in multiple studies) and versatil-

ity in their use and clinical application.15

Fig. 5.3 (a) A 55-year-old woman with right

cheek defect after wide local excision of invasive

melanoma; (b) same patient after reconstruction

with a Limberg flap.

Fasciocutaneous Flaps and Perforator Flaps
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5.7 Principles of Microsurgery
Microsurgery refers to the use of surgical techniques that are

beyond the limits of normal human eyesight. In plastic sur-

gery specifically, these techniques are used to repair and

reconnect blood vessels and nerves for the purposes of

replantation of body parts, free tissue transfer, or neurovas-

cular injury. In order for a surgeon to clearly visualize all

the vital structures, either loupe magnification or a micro-

scope is commonly used.

5.7.1 History

In the late 1890s and early 1900s, surgeons began suturing

blood vessels on animals in the laboratory and humans

without any magnification. In 1759, Hallowell performed the

first brachial artery repair by hand suture. In 1897 and

1902, J.B. Murphy and Alexis Carrel described the first vas-

cular anastomosis and the triangulation method in end-to-

end anastomosis in animals. Jacobson in 1965 anastomosed

1-mm diameter vessels with 100% patency. Further, in 1966,

Green used 9–0 nylon suture on rat aortas (1.3mm) and

vena cava (2.7mm) with patency of 37 out of 40 animals in

21 days. Also, in 1960s, successful arm and hand replanta-

tion was performed. Kleinert and Kasdan in 1963 revascular-

ized near-amputated digits under just loupe magnification

utilizing vein grafts.16 Buncke and Schulz in 1965 performed

experimental replantation of rabbit ears and monkey dig-

its.17 The first successful replantation of a completely ampu-

tated digit involved the use of a surgical microscope and was

performed in 1968 by Tamai and Komatsu.18 Further develop-

ments included foot-operated microscope controls to free up a

surgeon’s hands; a beam-splitting device to allow the use of a

second set of eyepieces for surgical assistance during procedures;

optical zoom and independent focus controls; and cooler fiber-

optics with reduced likelihood of tissue desiccation and with

improved signal transmission.

These technical advances, along with improved knowledge of

vascular anatomy, have made available a variety of microsurgi-

cal reconstruction options included in the armamentarium of

reconstructive surgeons today.

Indications for Free Tissue Transfer

The reconstructive ladder suggests that free tissue transfer

should be at the “top” of the pyramid after all other surgical

options have been exhausted. Free flaps are generally consid-

ered when “less invasive” options such as direct closure, skin

grafts, or local/regional flaps are not an option. Some clinical

scenarios where free tissue transfer may be considered include

wounds and defects with a history of prior radiation, infection,

scarring, tumor, or trauma that results in unavailability of local

tissue suitable for reconstruction.

A detailed discussion as to which reconstructive option

should be chosen is beyond the scope of this chapter. Factors

the surgeon should keep in mind when deciding on the flap

choice include, but not limited to the size of the defect, its loca-

tion, shape, and if any prior reconstructive surgeries have been

attempted. Other variables to consider include tissue composi-

tion (e.g., skin, fascia, muscle, bone, or a combination),

aesthetics, pedicle length, and vessel size match (▶ Table 5.3).

5.7.2 Equipment and Surgical
Preparation

A microsurgical instrument set should be readily available to

the operating team, as well as an extra set in case of instrument

contamination or damage during microsurgery. Instrument set

should include at least two pairs of jeweler forceps, dilating

vessel forceps, straight and curve microsurgical scissors, coupler

device, microneedle drivers, venous coupler device, different

sizes of single and double Acland clamps, and Waxel spears.

Heparin solution generally placed in a 3-mL syringe attached to

27-gauge ophthalmic cannula is commonly used to irrigate the

vascular lumen. In the authors’ experience, it as always a good

idea to set up a separate sterile tray with all the microsurgical

instruments on it to facilitate efficiency, and self-sufficient

instrument handling without having to ask for instruments

during vascular anastomosis (▶ Fig. 5.4).

An operating microscope with two eyepieces or microsur-

gical loupes anywhere from 3.5 × to 8 ×magnification should

be used. It is the authors’ preference to use loupe magnifica-

tion of 3.5 × instead of the microscope for routine microvas-

cular cases (exceptions are finger/thumb replants, young

Table 5.2 Mathes and Nahai Flap Classification

Type Vascular supply Examples

I One vascular pedicle Gastrocnemius, TFL

II One dominant

pedicle + 1(+) minor

pedicle

Soleus, gracilis, biceps/

rectus femoris

III Two dominant

pedicles

Gluteus maximus, rectus

abdominus, serratus

anterior

IV Segmental pedicles Tibialis anterior, sartorius

VI One dominant

pedicle + numerous

segmental small

pedicles

Latissimus dorsi,

pectoralis major, internal

oblique

Table 5.3 Common indications for free tissue transfer

Indication Example

Obliteration or reduction of dead

space

Reconstruction after extensive

soft-tissue resection

Coverage of exposed bone and/or

neurovascular tissue

Reconstruction of calvarial,

thoracic, or lower extremity defect

Volume and contour

reconstruction

Reconstruction of the breast

Vascularized enteral conduits Reconstruction of pharyngeal and

esophageal defects

Composite reconstruction Combined mandibular and floor-

of-the-mouth reconstruction

Functional muscle reconstruction Facial reanimation for paralysis

Reconstruction and/or

replacement of appendages

Digit, penile, and limb

reconstructions/replantation

Science and Principles
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children, or vessel diameter ≤ 1mm). There are some advan-

tages of loupe magnification when compared to the micro-

scope including visualization of the entire pedicle during

microanastomosis ensuring absence of any kinks or twists;

avoidance of the complexity and bulkiness of the micro-

scope; ability to perform vascular anastomosis in facilities

without appropriate microscope; and cost-efficiency. Accord-

ing to the literature, anastomosis patency rates and flap sur-

vival are similar when either a microscope or loupe

magnification is used.19 Choice of magnification highly

depends on the surgeon's preference and training.

The free tissue transfer procedure should be outlined with the

anesthesia team, the ablative surgeon during immediate recon-

structions, as well as the nursing personnel. Also, preoperative

and postoperative use of agents such as subcutaneous heparin,

Lovenox, aspirin, pressors, as well as antibiotics should be dis-

cussed. It is a common practice to paralyze patients intraopera-

tively, for instance, during an abdominal flap procedure with

pedicle intramuscular dissection, and that should be discussed in

detail with the anesthesiologist and the ablative team (▶ Fig. 5.5).

Patient positioning, length of the procedure, placement of any

arterial or central and peripheral venous catheters should be dis-

cussed and adequately prepared for in order not to interfere with

flap harvest and recipient sites. Warm saline and papaverine or

2% lidocaine should be readily available to counteract any

vascular spasm. Functioning pencil Doppler and/or implantable

Fig. 5.5 (a) Deep inferior epigastric artery

perforator (DIEP) flap after being disconnected

from the abdomen; (b) same patient 7 months

after left DIEP flap and right balancing breast

reduction.

Fig. 5.4 Microsurgical table setup with

instruments.
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Cook-Swartz Doppler probe for postoperative monitoring in head

and neck reconstruction can be very useful. An appropriately

warmed room, a Bair HuggerTM, and most importantly having a

routine team comfortable and prepared for free tissue transfer

also may improve flap survival success.

5.8 Technique
Technique for microvascular anastomosis varies from surgeon

to surgeon; however, the basic principles remain the same.

Meticulous attention to details to ensure flap perfusion and

outflow is a must. It is the authors’ preference to perform vas-

cular anastomosis under 3.5 × loupe magnification which is suf-

ficient for a majority of flaps and can significantly facilitate the

operation without requirement for a microscope. Initially, both

the donor and recipient vessels are examined for kinking, twist-

ing, and proper orientation. The anterior aspect of the vessels is

marked with a marking pen, as this may expedite anastomosis

and decrease confusion in regard to pedicle orientation. Next,

lumens are examined for clots, adventitial flaps or tears, valves,

and diameter. It is important to ensure a clean, open vascular

lumen that is free of debris or platelet clot or any obstruction.

Heparinized saline is very useful for luminal irrigation and has

become an integral part of microsurgery. Papaverine may be

used if vascular spasm is suspected. It is more effective to inject

papaverine directly into the adventitia rather than spray it on

top of the vessel. If dealing with a smaller caliber vein some-

times, it helps connect the main lumen to a branching vein

lumen to create a larger diameter opening for easier anastomo-

sis. In recent years, Synovis microvascular couplers have gained

popularity for venous anastomosis. The coupler effectively

everts the vessel edges and decreases the anastomotic time

when compared to hand-sewn anastomosis. When using loop

magnification, 8–0 nylon on a BV130–5 needle is appropriate

for the majority of vessels for head and neck and breast recon-

struction. The advantage of this caliber suture is that it is more

visible. Full-thickness vessel wall bites are a must and the

lumen should be clearly visualized before needle entry to pre-

vent partial-thickness bites or suturing the back wall of the ves-

sel. Different suturing techniques can be applied for arterial

anastomosis. It is the authors’ preference to utilize a 180-degree

suture technique, when initially the lumens are lined up appro-

priately with initial sutures separated by 180 degrees and this

is followed by either anterior or posterior wall suturing. Usually

only two or three sutures are required for each side and these

are not tied until all sutures on each side are placed. It is also

vital to examine the back wall of the lumen prior to closing the

second side of the vessel to ensure proper placement of all

sutures. Prior to tying the last suture, the lumen should be irri-

gated with heparinized saline solution. Once vascular clamps

are released, one should observe for flap perfusion and flow

across both arterial and venous anastomosis. Papaverine and

warm saline irrigation can be useful at this time. Once the flap

perfusion is established, it should be left in place over to perco-

late and observe for any problems.

5.8.1 Postoperative Care

Postoperatively, careful flap monitoring is imperative. Patients

can be admitted either to an intensive care unit, intermediate

care unit, or Med-Surg floor depending on the type of microsur-

gical procedure, adequate and trained nursing support, and sur-

geon’s preference. For the first 24 hours, the flaps are

monitored every hour by clinical exam for color change, flap

temperature, capillary refill, and skin turgor. External pencil

Doppler can also be very useful in detecting problems. One

should try to listen and detect both a biphasic arterial Doppler

signal and a venous signal over the flap. Buried flaps (i.e., head

and neck reconstruction), and/or muscle flaps with STSG can be

further monitored by an internal cook’s Doppler either over the

vein or artery distal to anastomosis. Loss of Doppler signal

should warrant immediate flap reexploration. It is the authors’

preference to keep patients undergoing breast microsurgical

procedure NPO for the first 24 hours postsurgery, keep them at

bedrest, and keep the intravenous fluids running at a high rate

from 125 to 150mL/hour of lactate ringers solution. A Foley

catheter is kept in for at least 48 hours until patients gain more

mobility. Studies have shown that over 80% of vascular throm-

bosis happen within 24 to 72 hours postoperatively; thus, very

close flap and patient monitoring is required within that time

frame.20 Patient’s diet is slowly advanced from clear liquids on

second postoperative day to regular diet on the third day. With

head and neck reconstruction, if patients have an nasogastric

tube, feeds can start after 24 hours and a modified barium

swallow test is usually done 1 week postoperatively for intra-

oral flaps to check for aspiration and orocutaneous fistulas.

5.9 Complications
Regardless of the skill and experience of the microsurgeon,

complications will happen. Those usually include, but are not

limited to, hematoma, seromas, arterial or venous thrombus,

infection, partial or complete flap loss, fat necrosis, and delayed

healing. When vascular thrombosis is suspected, one should

have a very low threshold for return to the operating room for

flap exploration. If a vascular thrombus is detected early

enough, the flap may still be salvageable. It is imperative to act

swiftly when the thrombus occurs which can be facilitated by

having experienced and reliable personnel monitoring the flap.

Ischemia time until non-reflow phenomenon occurs varies

according to the flap with muscle and musculocutaneous flaps

having a shorter ischemia time compared to fasciocutaneous

flaps. This is obviously more critical during arterial thrombosis

as the flap often times will still remain perfused for a prolonged

period of time when a venous thrombus occurs. Studies and

clinical experiences have shown that hyperbaric oxygen treat-

ments may reverse ischemia reperfusion injury after a pro-

longed flap ischemia time.21 The biomolecular mechanism of

how hyperbaric oxygen may help reverse or prevent reperfu-

sion injury is still not exactly clear. It is clear, however, that if

hyperbaric treatments are to be attempted for flap salvage, it
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has to happen ideally within a few hours after reperfusion.22

Majority of centers may be limited in this regard. To minimize

postoperative complications, the surgeon should be fully satis-

fied with hemostasis, flap perfusion, and inset before leaving

the operating room. Meticulous attention to details is impera-

tive for a successful microsurgical practice.

5.10 Review Questions

5.10.1 True or False

1. Split-thickness skin grafts survive by a process called

imbibition for the first 24 hours.

2. On areas such as elbow, axilla, or neck, split-thickness skin

graft is an acceptable reconstructive option.

3. Fat grafting is commonly used in breast reconstruction to

correct asymmetries and add volume, in facial rejuvenation

as a permanent filler to add volume and restore youthful

facial appearance.

5.10.2 Choose the Best Answer

4. According to Mathes-Nahai musculocutaneous flap

classification, what is the classification of the gracilis flap?

a) Type I.

b) Type II.

c) Type III.

d) Type IV.

e) Type V.

5. Five hours after immediate left breast reconstruction with a

free muscle sparing TRAM flap, the nurse calls you due to

change in the flap appearance. On exam, the flap is swollen,

and skin paddle has a purplish hue with brisk capillary refill.

What is the next appropriate step in management?

a) Continued close observation by registered nurse and eval-

uation in the morning.

b) Releasing the sutures at the bedside.

c) Leech therapy.

d) Immediate operative exploration.

5.10.3 Answers

1. True.

2. False.

3. True.

4. b. Type II.

5. d. Immediate operative exploration.
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6 Principles of Facial Aesthetics
Krishna S. Vyas and Henry C. Vasconez

Abstract

This chapter looks at the subjective quality of beauty through a

scientific lens. Facial aesthetics are addressed in detail, along

with the various factors that affect facial beauty—aging, skin

and soft tissue, and skeletal support. Considerations in the pre-

operative evaluation are covered that will assist the surgeon in

the aesthetic assessment of the face. The components of sym-

metry, height, and width are discussed in relation to frontal and

lateral view, midface and lower face analysis and projection.

Each section of the face—the upper third, including forehead

and eyebrows, the middle third, with the cheeks, nose, ears,

and the lower third, the region of the mouth and lips—is thor-

oughly reviewed with respect to the governing principles,

effects of aging, and management of remedial treatments.

Finally, the chin and neck are introduced and common prob-

lems briefly reviewed.

Keywords: beauty, facial aesthetic units, aging, Fibonacci ratio,

dentition

6.1 Goals and Objectives
● Understand principles of facial aesthetics through historical

and surgical perspectives.
● Describe anatomic changes associated with facial aging.
● Apply principles of facial aesthetics to the aging face.
● Understand the evaluation of prospective aesthetic patients

seeking facial rejuvenation.
● Describe various surgical and nonsurgical options to achieve

the goals identified during consultation.

6.2 What Is Beauty?
Beauty has inspired, influenced, and captivated humans

throughout time. For thousands of years, we have attempted to

understand, define, and depict beauty in art, literature, archi-

tecture, nature, and human form. But what is beauty? In the

broadest sense, beauty can be defined as the combination of

qualities pleasing the aesthetic senses. Attractive faces activate

the reward centers in the brain, elicit the development of

human relationships, motivate partner selection, and activate

positive treatment in many social settings.1,2 Attractive people

are more likely to be hired for jobs, to be promoted, to wait

shorter periods of time for services, are less likely to be

reported or punished for crimes, are more likely to have dates,

and are perceived to possess positive personality attributes

such as kindness and honesty.3,4,5,6

Although the positive social consequences of facial attractive-

ness have been well studied, determinants of features that

define an attractive face remain poorly understood. If standards

for facial beauty are learned and influenced solely by individual

preference, culture, and era, then what is perceived as beautiful

would vary dramatically across time and space. However,

regardless of age, nationality, ethnicity, culture, or era, people

share a sense of what is attractive. Several cross-cultural stud-

ies support the hypothesis that the perception of beauty is uni-

form across culture.7,8,9,10 When presented with attractive and

unattractive faces, masks, or dolls, infants gaze at the attractive

face for a longer period of time and prefer attractiveness to

symmetry.11,12,13 The emergence of preferences for beauty in

early human development and cross-cultural agreement chal-

lenges the argument that beauty is defined exclusively by cul-

ture and supports the notion that our preferences may be

biologically determined by natural selection.14 But what is ideal

for beauty?

Preferences for symmetry are likely to be an evolutionary

trait that serves as a surrogate marker for phenotypic and

genetic fitness. Asymmetry is a consequence of normal aging

and is perceived as less attractive compared to a symmetric

face. Averageness, or how closely a face resembles the majority

in the population, is also considered attractive.15,16,17,18 It is

important to note, however, that extreme beauty is associated

with magnification or diminution of a specific feature. For a

male, this could mean an augmented dominant feature, such as

a prominent chin. Individual characteristics that deviate from

the average can increase attractiveness and should be consid-

ered when addressing the patient’s aesthetic goals.

It is also important to consider physical characteristics that

differ among men and women. In studies involving facial com-

posite photographs, females often preferred men with more

masculine features such as deep-set and small eyes, large, wide,

and square jaws, prominent chins, thin lips, and facial hair; on

the other hand, males preferred females with large foreheads,

large eyes, prominent cheekbones, a small nose, small chin, and

full lips.19,20,21 In males, this corresponds to a larger nasofacial

angle and smaller nasomental, nasofrontal, and mentocervical

angle compared to females. A high eyebrow position and a wide

smile were considered attractive “expressive” features of both

sexes, suggesting high sociability.

Aesthetic principles must be considered in the context of eth-

nicity. Fitzpatrick skin type, scarring, and the ability to hide

facial incisions vary widely among ethnic groups. Although cer-

tain facial proportions are constant throughout ethnicities, wes-

ternized principles of facial aesthetics cannot be applied to all

since many patients desire to retain certain ethnic features. In

contrast, certain well-publicized ethnic features are appealing

to other groups, such as the very popular double eyelid ble-

pharoplasty in the Asian population. Our concept of beauty will

continue to evolve as we further understand facial harmony

and standards of beauty among distinct ethnicities and as the

concept of beauty continues to evolve with the increased global

heterogeneity of ethnic backgrounds.

6.3 A History of Beauty
While beauty was idealized even in ancient cultures, it was not

until the Greek philosophers began to study beauty that it

became a discipline. The Greek philosopher and mathematician

Plato described the ideal face with symmetry, proportion,

48



harmony, and geometry in his “golden proportions,” where the

width of the face would be two-thirds its length and the nose

would be no longer than the distance between the eyes. In his

text the Elements, Euclid defined the golden ratio, phi, which is

equal to approximately 1.1618. The golden ratio, also called the

divine ratio, is the only mathematical relationship consistently

found throughout beautiful and harmonic things in nature, art,

history, architecture, and the human form and face. This ratio is

obtained when a line ABC is cut so that AB/AC=BC/AB

(▶ Fig. 6.1). Phi has been studied extensively in facial aesthetics

and utilized to derive a golden mask or ideal facial proportions.22,

23 While the mask may be an inexpensive and easy tool for facial

analysis, the proportions are thought to be inconsistent and too

masculinized for generalization.24,25 Variations have been pro-

posed, but recent studies utilizing three-dimensional stereopho-

togrammetry for facial anthropometry suggest that the ratios

between facial distances were not related to attractiveness or the

golden ratio.26,27 Smaller faces and uniform facial thirds and fifths

are thought to be more ideal ratios for females.28

Other Greek figures also helped in defining ideal beauty of

the human body, including the sculptors Polykeitos and Praxi-

teles who developed canons of physical proportions of the ideal

body through their art. The Roman architect Vitruvius produced

a facial trisection that is still used today by medical profession-

als. Today, we still utilize the Vitruvian thirds with some modi-

fication.29 During the Renaissance, the ideal representation of

facial form was revisited. Leonardo da Vinci exemplified ana-

tomical ideals with geometric principles through the Vitruvian

Man and also formulated the ideal facial proportions of vertical

fifths. Vitruvian principles also influenced the German print-

maker Albrect Durer, who published a four-book series on

human proportion in 1528.

Facial aesthetics largely depend on the three-dimensional

topography of the central features of the face, namely, the eyes,

nose, cheeks, and lips. Cephalometry was introduced in the

early 18th century to quantitatively understand the growth,

development, and relationship of skeletal structures. Anthropo-

metric methods utilize surface topographic measurements and

are preferable to cephalometric methods in determining ideal

facial proportions. Anthropometry provides simple, non-inva-

sive, comprehensive three-dimensional population-matched

data. Powell and Humphreys provided a detailed analysis of

facial contours, angles, and proportions in their 1984 text

Proportions of the Aesthetic Face.30

6.4 Facial Aging
Facial aging reflects the cumulative, dynamic, and interdepend-

ent structural changes of the skin, soft tissues (subcutaneous

fat, muscle, fascia, and ligamentous structures), and structural

support (bone and teeth) of the face, leading to changes in facial

volume and topography (▶ Fig. 6.2). 31 There is a general

descent of the soft tissues with age, which has been described

by an inverted triangle (▶ Fig. 6.3).

The factors contributing to facial aging are multifactorial and

can be due to the effects of genetics, gravity, photoaging, medi-

cal comorbidities, diet, chronic smoking or alcohol use, large

changes in weight, stress, environmental factors, decreased tis-

sue elasticity, craniofacial remodeling, subcutaneous fat redis-

tribution, and other factors. The visible signs of aging can

include features such as horizontal and vertical rhytids, tempo-

ral atrophy, volume loss in the midface, deep nasolabial folds,

and jowls (▶ Fig. 6.4) areas all of which are amenable to treat-

ment (▶ Fig. 6.5).

6.5 Skin
Aging skin results from deterioration of the skin’s structure and

function and is associated with changes in the epidermis, der-

mis, and subcutaneous layers. Factors contributing to the

appearance of aged skin include dry and thin skin, a dull and

rough complexion, enlarged pores, irregular pigmentation,

actinic keratosis, loss of firmness and elasticity, broken blood

vessels, fine lines, and deep wrinkles. There are three main

types of aging responsible for the change in the structure, func-

tion, and quality of the skin.
● Biological (intrinsic): chronological age, genetics
● Environmental (extrinsic): sun exposure, pollution, cigarette

smoke, or external stress such as dry cold weather
● Mechanical: repeated muscle contraction

In the epidermis, decreased cellular turnover, reduced keratino-

cytes and epidermal lipids, and decreased moisture result in

dry skin. Altered pigmentation results from fewer melanocytes

and melanin production. In the dermis, reduced repair and

turnover and reduced function of the sebaceous and sweat

glands cause dry skin. Histologically, there are fewer fibroblasts

and collagen production, reduced dermal matrix, and thicker

Fig. 6.1 The golden ratio is a visual representation

of the number phi, which is the Greek letter ρ or ϕ

representing approximately 1.618. Quantities are

in the golden ratio if their ratio is the same as the

ratio of their sum to the larger of the two

quantities. The golden ratio is also called the

golden mean, golden section, divine proportion,

and golden number. It is present in things

considered beautiful in facial aesthetics (Golden

Mask), architecture (the Parthenon, Chartres

Cathedral), art (the Mona Lisa, Vitruvian Man,

Birth of Venus), and nature (arrangement in

plants, flowers, shells, spiral galaxies, hurricanes,

animals, and the structure of DNA).

Skin
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Fig. 6.3 The triangle of youth is lost with aging.

Fig. 6.2 Time lapse of the aging face.
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elastin fibers with less elasticity. The blood vessels become thin,

dilated, and weak. The thinning subcutaneous tissue and weak-

ening retaining ligaments cause the skin to sag.

Management: Treatment of aging skin includes sunscreen,

moisturizers, tretinoin, fillers and injectables, lipotransfer/

autologous fat grafting, peeling and microdermabrasion, radio-

frequency, and laser resurfacing.

6.6 Soft Tissues
The youthful face has an adequate volume and distribution of

fat in specific areas. In the aging face, the forehead, temporal,

periorbital, malar, glabellar, perioral, and mandibular sites lose

fat, while the jowl, submental area, nasolabial folds, and

infraorbital areas gain fat (▶ Fig. 6.6).32 Contour deficiencies

become increasingly apparent with the redistribution or atro-

phy of fat with age, and the defining convexities of the youthful

face are lost.33 Imaging studies reveal that the midfacial fat

compartments migrate inferiorly with aging. Retaining liga-

ments that provide support to the soft tissues and skin of

the face, such as the anterior platysma-cutaneous ligaments

and mandibular osteocutaneous ligaments, become less sup-

portive.

6.6.1 Management

Procedural rejuvenation techniques include non-invasive, mini-

mally invasive, and invasive procedures, ranging from medical

rejuvenation with retinols and alpha-hydroxy acids to proce-

dural rejuvenation with laser resurfacing, botulinum toxin A,

fillers, and radiofrequency all the way to surgical interventions

such as liposuction or fat grafting, implants, and rhytidectomy.

6.7 Structural Support
Aging of the craniofacial skeleton is due to dynamic changes

involving bone expansion and bone loss (▶ Fig. 6.7).34 Specific

changes in the facial skeleton which occur with aging include

reduced facial height due to changes in the maxilla and mandi-

ble, increased facial width and depth, and increased promi-

nence of the frontal sinus and zygomatic arches. Bony

resorption leads to alteration of the structural support of bone

and consequently alters overlying soft tissue and skin.

Management: Patients may present for consultation for

problems such as midface hypoplasia, prominent zygoma, or

square mandibular angle. The size, shape, balance, and propor-

tion of the craniofacial skeleton can be manipulated through

Fig. 6.4 Signs of facial aging include greater visibility of lines and wrinkles (such as in the forehead); nasolabial folds become prominent; there is

volume loss in the temples and midface; contours of the jaw change from fat redistribution and changes to the underlying craniofacial skeletal. Many

factors contribute to aging of the skin.

Structural Support
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Fig. 6.5 The many potential treatment areas for the aging face.

Fig. 6.6 In youth, the fat compartments of the face are congruent, resulting in a smooth appearance. Redistribution, accumulation, and atrophy of fat

compartments with aging leads to facial volume loss. Some areas lose fat (forehead and cheeks), while others gain fat (mouth and jaw), resulting in

contour deficiencies.
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segmental osteotomies, genioplasties, mandibular angle reduc-

tions, malarplasties, and orthognathic surgeries to alter facial

projections and aesthetics.35

6.8 Preoperative Evaluation
Goals of the consultation should include an assessment of the

patient’s objectives, perceptions, and expectations. This

includes a consideration of personal preference, gender, cultural

differences, and racial background. The goals of facial analysis

should be to diagnose and classify deformities or deviations,

develop a treatment approach, and predict outcomes. The risks,

benefits, costs, side effects, potential adverse events, and antici-

pated outcomes should be thoroughly reviewed, and any of the

patient’s questions should be answered.

Preoperative anteroposterior and lateral and oblique photo-

graphs assist the surgeon in planning, facilitate patient preope-

rative and postoperative discussion and review, and should be

done for medicolegal documentation.

6.9 Facial Proportions and
Aesthetic Assessment
Many methods have been utilized for assessment of the aes-

thetic units of the face and for determining their relation-

ship and relative proportions in evaluating the face as a

whole. Although no algorithm exists for aesthetic assess-

ment of the face, systematic evaluation and preoperative

facial measurements may aid in the determination of which

facial features need to be altered in order to produce the

best harmony.

Hom and Marentette developed an 8-step systematic

approach to facial analysis.36 The initial assessment should

begin with an analysis of facial symmetry, height, and width on

frontal view. Next, evaluation continues on profile to determine

facial projection and the relationship between structures such

as the forehead, nose, lip, and chin. Finally, individual subunits

are carefully evaluated.

Facial analysis is dependent on the assessment of both soft

tissue and the underlying craniofacial framework. Soft tissue

reference points (▶ Fig. 6.8), skeletal reference points

(▶ Fig. 6.9), and reference planes are defined by cephalometric

analysis. Important elements in cephalometric analysis include

maxillary, mandibular and incisor positions, and facial propor-

tions. The Frankfort horizontal plane is the standard reference

for patient positioning in photographs and cephalometric

radiographs. This plane is defined as a line drawn from the

superior portion of the external auditory canal (approximately

at the level of the superior edge of the tragus) to the inferior

border of the infraorbital rim when the patient’s gaze is parallel

to the floor.

6.10 Frontal View Analysis

6.10.1 Symmetry

Aesthetic facial analysis can begin with a general evaluation for

symmetry by bisecting the face with a midsagittal plane and

comparing the halves, although symmetry is rarely perfect. The

forehead, nose, lips, and chin should lie along this axis.

6.10.2 Height

Facial height is determined by dividing the face into equal hori-

zontal thirds (▶ Fig. 6.10). The boundaries are from the trichion

to the glabella (upper face), from the glabella to the subnasale

(middle face), and from the subnasale to the menton (lower

face). With a receding hairline, the most superior border of the

upper third can be determined by identifying the most superior

movement of the frontalis muscle.

A second method for assessing facial height takes into consid-

eration only the middle and lower portions of the face. The first

measurement is from the nasion to the subnasale and from the

subnasale to the menton. With this measurement, the midface

is 43% of the total length and the lower face is 57% of the total

length. This technique is advantageous since the nasion is a

more reproducible landmark than the glabella.

Fig. 6.7 The craniofacial skeleton remodels with aging, with bony resorption leading to volume loss. Consequently, there is a change in the overlying

soft tissue and skin. The arrows indicate areas of bony resorption.

Frontal View Analysis

53



Fig. 6.8 Soft tissue (anthropometric) reference

points (frontal view).

Fig. 6.9 Skeletal (cephalometric) reference points (lateral view).
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6.10.3 Width

Facial width is then divided into equal fifths to evaluate balance

among the parts (▶ Fig. 6.11). The width of one eye opening

should equal one fifth of the facial width and this in turn is the

width of the intercanthal distance. The lateral fifths on frontal

view extend from the lateral canthus to the lateral portion of

the helical rim.

6.11 Lateral View Analysis

6.11.1 Height

Facial height is assessed using the same landmarks described

previously (▶ Fig. 6.12). In addition, the lower third can be fur-

ther subdivided into thirds with the stomion separating the

upper and middle thirds and the pogonion located in the center

of the lower third.

6.11.2 Midface Projection

To assess the relationship of the midface with the upper face, a

line is drawn from the nasion to the subnasale. The angle

formed with the Frankfort horizontal line should be a right

angle on average (▶ Fig. 6.13).

6.11.3 Lower Face Projection

To assess the relationship of the lower face to the midface, a

line is drawn from the subnasale to the pogonion perpendicular

to the Frankfort horizontal line. If the pogonion is posteriorly

positioned, the chin is retruding; if it is anteriorly positioned,

the chin is protruding (▶ Fig. 6.13).

Fig. 6.10 Facial height is divided into equal

thirds.

Fig. 6.11 Facial width is divided into equal fifths.
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Fig. 6.12 Soft-tissue reference points (lateral

view).

Fig. 6.13 The zero meridian of Gonzalez-Ulloa.

The ideal chin position is a vertical line drawn

from the nasion to the pogonion, which is

perpendicular to the Frankfort horizontal line.
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6.12 Facial Aesthetic Units
The face can be further divided into aesthetic units for further

analysis: forehead, nose, eyelid, cheek, lips, chin, ears, and neck

(▶ Fig. 6.14). The units of the face are evaluated for contour, tex-

ture, skin thickness, and color. Incisions that fall along relaxed

skin tension lines and at the intersection of the aesthetic units

result in the least noticeable and most favorable scars

(▶ Fig. 6.15).

6.13 Upper Third

6.13.1 Forehead and Eyebrow

Principles

The forehead constitutes the entire upper third of the face and

is convex on profile with the most anterior point above the

nasion at the level of the supraorbital ridge. The boundaries of

the forehead are from the frontal hairline to the glabella. In gen-

eral, men have a more prominent glabellar and supraorbital rim

compared to women due to larger, more aerated frontal sinuses.

Women tend to have a rounder, more convex forehead. The

nasofrontal angle is determined by a tangent passing through

the glabella and nasion and a tangent along the nasal dorsum;

this angle ranges from 115 to 135 degrees which allows for a

Fig. 6.14 Aesthetic units of the face.

Fig. 6.15 Relaxed skin tension lines of the face.
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wide variation that is gender-, ethnic- and age-related

(▶ Fig. 6.16). The layers of the forehead and scalp region are

skin, subcutaneous tissues, aponeurosis, loose areolar tissue,

and periosteum, which can be remembered by the acronym

SCALP. The galea aponeurosis connects the bellies of the fronta-

lis and occipital muscles; laterally, it thins to become incorpo-

rated into the superficial temporal fascia.

The female eyebrow is generally located 1 cm above the supe-

rior orbital rim and has a more prominent arch (▶ Fig. 6.17).

The male eyebrow is located approximately at the level of the

rim and is flat. The eyebrow extends medially to a position

delineated by a vertical line drawn superiorly perpendicular to

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

eyebrow should be located at the same horizontal position. The

apex of the eyebrow is delineated by a line drawn vertically

from the lateral aspect of the corneal limbus.

6.13.2 Aging

With aging, the upper third of the face becomes elongated as

the hairline recedes and the brow descends. In youth, the fore-

head muscles are covered with full, thick subcutaneous tissue,

but as this fullness decreases with age, the mimetic action of

the forehead muscles etch fine and deep rhytids into the face,

giving rise to dynamic facial lines (▶ Fig. 6.18). The frontalis is

the only elevator of the brow and contributes to deep horizontal

rhytids. The procerus, corrugator, and orbicularis oculi all

depress the brow. The procerus causes transverse glabellar rhy-

tids and the corrugator supercilii causes vertical and oblique

glabellar rhytids. Signs of aging in the brow can include brow

droop and flattening caused by descent of the forehead inferi-

orly. Brow ridges may appear more prominent due to resorp-

tion of fat and thinning of the skin. Transverse furrows and

rhytids, glabellar fullness and glabellar frown lines, temporal

hollowing, and a thickened supraorbital rim also contribute to

the aged appearance of the forehead.

6.13.3 Management

Hyperdynamic facial lines can be addressed with botulinum

toxin, laser resurfacing, chemical peels, or surgery. Brow lifts

can address the upper third of the face and are the best way to

remove deep forehead rhytids. There are several techniques for

browlifts, including direct, mid lift, coronal lift, pre-trichal and

bi-planar lift, and the endoscopic brow lift. The benefits of the

endoscopic lift are very small, camouflaged scars, less sensory

impairment, and faster recovery.

6.13.4 Periorbital

Principles

The eyes and periorbital regions communicate intent, emotion,

and alertness. The orbits are located in the lower third of the

Fig. 6.16 Nasofrontal angle.
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upper face and the upper third of the midface. On frontal view,

the width of one eye opening from medial to lateral canthus

should be one fifth of the total facial width and the intercanthal

distance should equal 30 to 35mm or the width of one eye

opening. The superior palebral lid crease is the attachment of

the levator aponeurosis into the orbicularis in Caucasians and

should be 7 to 10mm from the eyelash line. The palpebral

opening is 10 to 12mm high and 28 to 30mm in width. The lat-

eral canthus should lie 2 to 4mm above the medial canthus.

The upper lid should cover 2 to 3mm of superior iris and the

lower lid approximates the inferior iris. The most inferior point

of the lower lid margin is along a vertical line passing through

the lateral limbus.

Facial analysis of the periorbital region must consider the

brow position, dermatochalasia, lid fullness, lid position and

symmetry, and lid laxity. Evaluation should include a history

and physical examination with testing of visual acuity, extraoc-

ular muscle function, corneal sensitivity, cranial nerve VII sensi-

tivity, Bell’s phenomenon, lagophthalmos, lid ptosis, lid laxity,

and lacrimal function. Lagophthalmos may be identified by

Fig. 6.17 Forehead and eyebrow. Eyebrow

position is shown in relation to upper lid sulcus

(Line C-B), lateral canthus and ala (diagonal line

started at point A), medial canthus (Line B-A) and

lateral limbus (Line E-D).

Fig. 6.18 Hyperdynamic lines contribute to fine

lines and wrinkles.
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having the patient look downward while tilting the head back-

ward. Horizontal laxity of the lower lid is tested with the “snap

back (lid distraction) test” which is performed by pulling the lid

away from the globe and releasing it; if it returns slowly, then

significant laxity exists and should be noted as it may lead to

ectropion post surgery. The strength of the orbicularis oculi is

determined by having the patient close his or her eyes tightly

while the examiner attempts to manually open them. On the

lower eyelid, the presence of herniation of fat, commonly

known as “bags,” should be evaluated. On the upper eyelid, the

presence of ptosis and an inferiorly displaced lacrimal gland

should be noted, if present.

The periorbital vector refers to the relationship of the

most projecting aspects of the globe and the malar promi-

nence inferiorly, as seen on profile. A negative vector exists

when the globe projection is more anterior and this indi-

cates diminished skeletal support to the lower lid. A nega-

tive vector increases the risk for lid malposition after lower

lid surgery.

6.13.5 Aging

The effects of aging become apparent in the eyes, perhaps

sooner than anywhere else in the body. This may be displayed

as periorbital hollowing, laxity in the upper and lower lids, nar-

rowing of the horizontal and vertical dimensions of the palpe-

bral fissures, obtuse canthal angles, weakening of the orbital

septum with pseudoherniation or at times actual herniation of

orbital fat, and hyperdynamic lines, all of which contribute to a

tired expression (▶ Fig. 6.10). Bulges appear under the eyelid

due to protrusion of the lower eyelid fat pads. The nasojugal

groove (tear trough) begins to appear below the medial lower

eyelid around 40 years of age and the inferior orbital rim

becomes visible at around 50 years of age. Overall, the globe

becomes more proptotic with respect to aging due to bone

resorption of the inferior orbital rim and decreased fat pads in

the cheeks. Repeated contractions of the orbicularis oculi

results in wrinkles known as Crow’s feet along the lateral orbi-

tal rim; these tend to form around the 5th decade.

6.13.6 Management

Signs of aging in the eyelids that can be corrected by various

surgical and non-surgical means include increased laxity of the

eyelid skin, protrusion of periorbital fat, ptotic brow resulting in

hooding, rhytids in the lateral canthal region, ptotic lacrimal

glands, xanthelasma, and hypotonicity of the lower lids. Upper

blepharoplasty focuses on the superficial structures through a

transcutaneous approach: removing excess skin, aesthetic

placement of the supratarsal crease, and contouring the deep

upper orbital sulcus. Lower blepharoplasty involves the deep

structures through a transconjuncival or transcutaneous

approach: addressing the orbitomalar sulcus and selective

removal and repositioning of periorbital fat.25 Excessive exci-

sion of the lower eyelid skin during blepharoplasty can result in

scleral show or even ectropion. Complications of blepharoplasty

can include retrobulbar hematoma, hematomas under skin

flaps, epiphora, infection, diplopia, lagophthalmos, ectropion,

incisional scar thickening, and even blindness.

6.14 Middle Third

6.14.1 Cheeks

Principles

The soft tissue of the cheek projects anteriorly and laterally over

the body of the zygoma and the zygomatic arch. The deep cheek

fat compartments contribute to the convexity of the cheek and

lid-cheek junction. The ovoid cheek axis is angled from the lat-

eral oral commissure to the base of the ear helix. The malar

prominence is located eccentrically on the cheek mound over

the zygoma, extending up to the inferolateral orbit and is cov-

ered with malar fat. An ogee curve has been described at the

level that transitions between the lateral orbital wall and the

cheek at the lid-cheek junction.

6.14.2 Aging

In youth, the cheeks show smooth round contours. With aging,

there is a loss of homogeneity as the nasolabial folds lengthen

and deepen and the cheeks lose volume. Overall, the midface

descends inferiorly and medially. Around age 50, the skin also

becomes more pigmented, sallow, and coarse, and the cheeks

lose their projection and appear hollow. The inferior orbital rim

resorbs and remodels, losing anterior projection and vertical

height. Increased bony resorption may also be secondary to a

peri-menopausal state in the mid-50 s of females.

6.14.3 Management

Midface and cheek restoration should involve volume enhance-

ment and contouring. Non-surgical use of fillers such as hyalur-

onic acid or poly-L-lactic acid can improve the appearance of

the aged midface. Autologous fat grafting has become very pop-

ular because of its safety profile and effectiveness; it can be

done alone or as a combined procedure. Fat grafting provides

longer lasting results compared to fillers. Surgical suspension of

the midface is the most effective and long-lasting and can be

done as part of a facelift or alone as a minimally invasive malar

elevation with or without barbed suture. Cheek implants with

silicone, Medpor®, or Gore-Tex® have also been used and pro-

vide permanent results.

6.14.4 Nose

Principles

As a central aesthetic unit, the nose is a focal point and defining

feature for the face and must be analyzed in relationship to

other facial structures. Burget and Menick described the topo-

graphic subunits of the nose (▶ Fig. 6.19), which are important

to consider for surgical planning. On lateral view, the nose

begins at the nasion superiorly at the level of the superior pal-

pebral fold of the upper eyelid and extends to the subnasale.

From a worm’s eye view, the nose is triangular in shape and

divided into three units (▶ Fig. 6.20). The columella should be

approximately 3–5mm in width.

The relationships of the nose with other facial structures can

be defined by the nasofrontal angle, nasolabial angle, nasofacial

angle, and nasomental angle. The nasofrontal angle is the angle
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formed by the intersection of a line tangent to the glabella

through the nasion and a line tangent to the nasal dorsum with

a range of 115 to 135 degrees (▶ Fig. 6.16). The nasolabial angle

is the angulation of the columella and upper lip (▶ Fig. 6.21).

This angle is formed by the intersection of a line tangent to the

labrale superius and subnasale and a line tangent to the subna-

sale and the most anterior portion of the columella. The ideal

measurement is 95 to 110 degrees in females and 90 to 105

degrees in males. The nasofacial angle is the relationship of the

nasal dorsum to the facial plane and is the angle formed by the

intersection of a vertical line tangent from the glabella through

the pogonion and a line from the nasion through the nasal tip

with an ideal angle of 36 degrees with a range 30 to 40

(▶ Fig. 6.22). The nasomental angle is the angle formed by the

intersection of a line tangent from the nasion to the nasal tip

and a line from the tip to the pogonion (▶ Fig. 6.23). The ideal

range of this angle is 120 to 132 degrees.

6.14.5 Aging

The nose suffers significant changes with aging, notwithstand-

ing that it has a cartilaginous and skeletal framework. The over-

lying skin thins and stretches, revealing a more prominent

dorsal hump and nasal tip and columella. The upper and lower

lateral nasal cartilages weaken and descend, giving the appear-

ance of a ptotic nasal tip. Remodeling of the alar base and max-

illary resorption around the pyriform aperture also results in

accentuated nasal droop. Recent reports indicate that the nasal

tip itself may not drop; rather, the structures around it includ-

ing the muscles and ligaments may retract giving the appear-

ance of nasal tip ptosis (verbal communication with Val

Lambros, MD).

6.14.6 Management

Cosmetic rhinoplasty for the aging nose takes into considera-

tion the resorptive and atrophic changes that occur in the hard

and soft tissues. These also have an effect on breathing that

involves the septum and turbinates as well. Septoplasty and

turbinate reduction procedures have been well described.

Through open and closed techniques, several modifications can

be made which will affect the shape and profile of the nose.

The nasal dorsum can be reduced or narrowed and the nasion

burred or grafted. This can also give the appearance of a smaller

or larger nose. The nasal tip can be elevated or rotated to give a

sharper profile. A wide or bulbous tip can be narrowed and

thinned or even grafted to provide more ideal tip defining

points. A hanging or retracted columella or ala can be adjusted

with suture or grafting. The width of the caudal nose can be

adjusted with alar excisions (Weir) or a cinching stitch that can

be later modified or removed. Various grafting and suture tech-

niques have been described to try to arrive at a more ideal and

harmonious result. Methods to increase nasal projection and

rotation include columellar strut graft, tip graft, lateral crural

batten grafts, tongue-in-groove techniques, and others.

Fig. 6.19 Nasal aesthetic subunits (per Burget

and Menick).

Fig. 6.20 Basal view of the nose divided into equal thirds.
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6.14.7 Ears

Principles

Landmarks of the ear include the concha, helix, antihelix,

tragus, anti-tragus, lobule, and scapha (▶ Fig. 6.24). These

structures should be examined for deformity. The thickness

and flexibility of the cartilage should also be determined.

The ear can be divided vertically into three approximately

equal parts with the tragus at the midpoint. Ear height is

about equal to the midfacial height. The width of the ear is

about 60% of the height with the range of 50 to 65%. The

long axis of the ear is inclined posteriorly about 15 to 20%

from the true vertical plane. The top of the ear is usually at

the level of the lateral eyebrow and the bottom at the level

of the base of the nose. Several craniofacial syndromes are

associated with low-set ears.

6.14.8 Aging

The aging ear will tend to descend and stretch, especially the

earlobe. The rest of the ear that contains cartilage better main-

tains its structure although they may appear larger and more

prominent with time.

Fig. 6.21 Nasolabial angle.

Fig. 6.22 Nasofacial angle.
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6.14.9 Management

The lobe can be corrected usually at the time of a facelift by

removing a wedge and making it smaller and more rounded.

Various types of otoplasty can be performed to correct promi-

nent ears and the upper ear can be lifted slightly.

6.15 Lower Third

6.15.1 Perioral

Principles

The perioral region and mouth express our emotional state,

conveying happiness or sadness and anger or fear. The lip shape

should be evaluated according to the shape in profile, the lip

length in relation to the frontal incisors, and the degree of ver-

million inversion. The lip surface should be evaluated according

to the presence and degree of radial wrinkles and the visibility

of the structural elements of Cupid's bow, philtrum, and white

roll (▶ Fig. 6.25).

Aging

Perioral aging is characterized by fine lines, marionette lines,

flattening of the Cupid’s bow, long and ill-defined philtrum,

and a narrow vertical and wider transverse smile.37 These

changes are the result of genetics, photoaging, smoking, gravity,

repetitive pursing of the orbicularis oris, changes of dentition,

and maxillomandibular resorption. Resorption of the maxilla

can also contribute to loss of upper lip support, resulting in

perioral wrinkling.

Fig. 6.23 Nasomental angle.

Fig. 6.24 Image of the right ear. (1) Concha. (2) Helix. (3) Anti-helix.

(4) Tragus. (5) Anti-tragus. (6) Lobule. (7) Fossa triangularis. (8)

Scapha.
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Management

Treatment of fine and coarse rhytids can be addressed with var-

ious chemical peels, laser resurfacing, or the injection of filler

materials. Injection of botulinum toxin A to relax the perioral

musculature has also been described. Care should be exercised

with botulinum toxin A to relax the periorbicularis oris contrib-

uting to perioral rhytids so as not to produce loss of adequate

dynamic function.

6.16 Lips

6.16.1 Principles

The upper lip is measured from the subnasale to the stomion

superius and the lower lip is measured from the stomion infe-

rius to the labial-mental crease. The aesthetic units of the lip

are illustrated in ▶ Fig. 6.25. The oral commissures should be

located along vertical lines drawn from the medial limbus of

the iris. In youthful Caucasian lips, the ideal vertical height ratio

of the upper lip to the lower lip is 1:1.6; however, there is wide

patient variation in ideals of lip size and contour. The typical

goal of lip augmentation in Caucasian women is to augment the

lip size beyond the natural size. In aged populations, the goal is

to restore the size of the lip to the original shape and volume.

The anterior-posterior position of the lips is evaluated with the

Holdaway Harmony line, which is a line 10 degrees anterior to

a line from the pogonion and a line from the pogonion to the

glabella.

The horizontal lip position can be determined with the naso-

mental angle, where the lips are approximately 4mm behind

the line for the upper lip and 2mm behind for the lower lip. The

horizontal lip position can also be determined by a vertical line

from the subnasale through the labrale inferius to the pogonion.

The upper lip and lower lip should lie approximately 3.5mm

and 2.2mm anterior to the line drawn perpendicular to the

most anterior portion of each lip, respectively (▶ Fig. 6.26). The

interlabial gap and degree of incisor show with smiling is also

important. When smiling, no more than two-thirds of the

maxillary incisors should be exposed and there should be no

gingival show.

6.16.2 Aging

Well-defined and full lips are a sign of youth. With aging, the

proportion of the lips change with depression of the corners of

the mouth, lengthening of the cutaneous portion of the upper

lip and loss of volume of the upper lip vermillion, decreased

elasticity of the subcutaneous soft tissue, retraction of the lip,

and loss of teeth contribute to perioral aging. Flattening of the

philtral columns occurs with age, and re-creation of the philtral

columns can restore a youthful appearance.

6.16.3 Management

Hyaluronic acid products are the most commonly used fillers

for the lips and demonstrate excellent safety. Restylane is the

only FDA-approved hyaluronic acid filler specifically for lip aug-

mentation, but several hyaluronic acid products are used off-

label for lip augmentation (such as Juvéderm and Perlane). Fat

grafting has become popular for lip augmentation, but entails a

more invasive surgical procedure with subsequent bruising,

swelling, and a longer recovery period when compared with

fillers. A long vertical lip is common in the aged female; a very

sure and dramatic method of treatment is a gull-wing excision

at the junction of the upper lip and the alar bases. The scar in

the aged patient heals very well and can give satisfactory cos-

metic results. Alternatively, an extended cupid’s bow excision of

the lip skin at the vermillion junction reduces the length of the

Fig. 6.25 Aesthetic subunits of the lip.

Fig. 6.26 Horizontal lip position. Sn is subnasale. Li is labrale inferius. Si

is menotlabial sulcus. Pg is pogonion.
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lip and provides greater mucosal show. The permanent scar is

usually acceptable, but often will require camouflage lip liner

makeup.

6.17 Dentition
Dentition should be evaluated and considered in the context of

facial aesthetics as it influences facial soft tissues and overall

cosmesis. Occlusal planes, alignment, incisor flare and length,

and many other factors influence facial analysis. In normal

occlusion, or Type I occlusion, the mesiobuccal cusp of the max-

illary first molar occludes the buccal groove of the mandibular

first molar; in facial profile, this is mesognathic. Type II occlu-

sion occurs when the buccal groove of the maxillary first molar

is distal to the mesiobuccal cusp of the maxillary first molar; in

facial profile, this is termed retrognathic. Type III occlusion

occurs when the buccal groove of the mandibular first molar is

mesial to the mesiobuccal cusp of the maxillary first molar; in

facial profile, this is prognathic. Severe dentoalveolar relation-

ships can be addressed with orthognatic surgery.

6.18 Chin and Neck

6.18.1 Principles

The protruding chin is unique to humans. A larger cranium,

taller forehead, reduced prominence of the brow ridge, reduced

bimaxillary protrusion, and a pronounced bony chin distinguish

Homo sapiens from Homo erectus. It confers strength to the face

and forms the lower portion of the face. On profile, it is key to

establish the character of the lower face and to speak of a strong

or weak chin may imply personality. Gonzalez-Ulloa described

the ideal chin position to be on a line perpendicular to the

Frankfort horizontal passing through the nasion and pogonion

(±2mm).

The neck is a cylindrical structure that connects the lower

face with the upper chest. It contains a plethora of very impor-

tant structures that are invested by muscles, fascia, subcutane-

ous tissue, and skin. The neck is usually divided into anterior

and posterior triangles that are bordered by the sternocleido-

mastoid and trapezius muscles laterally, the sternum and

clavicles inferiorly, and the chin and lower border of the mandi-

ble superiorly. The hyoid bone lies in the central region of the

neck between the chin and thyroid cartilage and serves as a

place of attachment of several muscles of the neck, but does not

have any direct bony attachments or articulations. It also serves

to stabilize the larynx, epiglottis, and pharynx. It provides the

junction of the cervicomental angle which is distinctive to a

beautiful neck profile.

The cervicomental angle is an angle formed by a line drawn

from the glabella to the pogonion and from the menton to the

cervical point; this should be 105 to 120 degrees and is more

acute in males compared to females (▶ Fig. 6.27). The mentola-

bial sulcus (Si) separates the cutaneous lower lip from the chin

(▶ Fig. 6.26). The deepest point of the Si should lie -4mm

behind the line drawn between the vermillion border of the

lower lip (labrale inferius, LI) and the pogonion (Pg). Gonzalez-

Ulloa described the ideal chin position as a tangential line

through the N to the Pg (▶ Fig. 6.13). The nasomental angle is a

line drawn from the nasal tip to the pogonion.

6.18.2 Aging

The cervicomental angle is typically blurred or lost with aging

of the neck and is a common source of concern and consultation

in those seeking rejuvenation of the face and neck. The skin, sub-

cutaneous tissues, superficial fascia, and platysma are mostly

involved in the aging features of the neck and are the structures

most commonly addressed in rejuvenation. The anterior digastric

muscles, submandibular glands, and superficial and deep fat

deposits are also important in treating the aging neck.

Aging of the neck essentially involves volumetric and direc-

tional or vector-based changes. Visibly, it starts with sagging

and stretching of the skin and soft tissues; they can become

thin and wrinkled or dense and full and everything in between.

Fat deposits in the superficial and deep areas may accumulate

or droop, adding to an aged appearance. The platysma muscle

will become lax and lose its investing properties, contributing

to sagging. The muscle also commonly forms bands at sites of

continual contraction. The submandibular glands will experi-

ence descent as their surrounding fascia relaxes and may

become quite visible.

6.18.3 Management

Genioplasty can be achieved through osteoplastic or alloplastic

means. It can address projection and width, but soft tissue con-

siderations include jowl sulci, marionette lines, and contouring

of the mental crease with injectables.

Treatment of the aging neck will depend on other areas on

the extent of deformity from the ideal and the concern of the

Fig. 6.27 Cervicomental angle.
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patient. The ideal may be related to the principles of aesthetics

discussed or what the patient looked like or remembers she

looked like at a younger age. Classifications of the aging neck

can help to guide the surgeon in addressing certain deformities.

The Dedo classification has been proposed, but has not received

wide use although it mentions many of the different deform-

ities and structures that can be corrected. A series of minimally

invasive and less invasive techniques have been described

including neuromodulators, fillers, and energy-based technolo-

gies. Liposuction can be effective in cases of mild to moderate

fat accumulation. The more aggressive open techniques are

without a doubt much more effective for the moderate to

severe aged neck.

6.19 Conclusion
Facial aesthetics is a subject of interest not only to plastic sur-

geons, but also to observers of beauty throughout history and

in many areas of nature and art. We have described some of the

principles of facial aesthetics, especially as it relates to the eval-

uation and management of patients desiring aesthetic improve-

ment and rejuvenation. The multifaceted aspects of aging are

becoming better understood and therefore we are in a better

position to correct them appropriately. A good and qualified

plastic surgeon has an excellent sense of facial aesthetic based

on his or her trained eye and experience.

6.20 Review Questions

6.20.1 Choose the Best Answer

1. The Fibonacci ratio is often quoted when discussing aesthetic

facial proportions. Which one of the following numbers

represents this “golden ratio”?

a) 1:0.33

b) 1:0.67

c) 1:1.33

d) 1:1.62

e) 1:2

2. Which of the following statements is incorrect when

considering the ideal facial proportions on frontal view?

a) The facial frontal view is divided into vertical fifths.

b) With a receding hairline, the most superior border of the

upper third can be determined by identifying the most

superior movement of the frontalis muscle.

c) The width of one eye opening should equal one fifth of the

facial width and this in turn is the width of the intercan-

thal distance.

d) The upper lip vermilion marks the vertical midpoint of the

lower facial third.

e) The female eyebrow is generally located 1 cm above the

superior orbital rim and has a more prominent arch com-

pared to males.

3. Which of the following is increased in the aging skin?

a) Epidermal thickness.

b) Melanocyte number.

c) Dermal matrix.

d) Number of fibroblasts.

e) Ratio of type III to I collagen.

4. With regard to the lower face, which of the following

statements is incorrect?

a) The cervicomental angle is generally more acute in

females compared to males.

b) When smiling, no more than two-thirds of the maxillary

incisors should be exposed.

c) In type I occlusion, the mesiobuccal cusp of the maxillary

first molar occludes the buccal groove of the mandibular

first molar.

d) The ideal chin position has been described as a line per-

pendicular to the Frankfort horizontal passing through the

nasion and pogonion.

e) Perioral aging is characterized by flattening of the Cupid’s

bow.

6.20.2 Answers

1. d. 1:1.62. The Fibonacci sequence is a set of numbers starting

with 1 or 0 and proceeds as 1, 2, 3, 5, 8… where two

consecutive numbers add up to form the next number. The

“golden ratio” or Phi is a ratio established by the Greeks and

used by the Renaissance artists that equals 1:1.62. This ratio

is characteristic of forms of aesthetic proportions in nature

and in facial proportions.

2. d. The upper lip vermilion marks the vertical midpoint of the

lower facial third.

Facial proportions and contours can vary with sex, age, and

race, but some aesthetic ideals persist. The facial frontal view is

divided into vertical fifths and horizontal thirds. The bounda-

ries are from the trichion to the glabella (upper face), from the

glabella to the subnasale (middle face), and from the subnasale

to the menton (lower face). With a receding hairline, the most

superior border of the upper third can be determined by identi-

fying the most superior movement of the frontalis muscle. The

lateral and medial canthi can be used to divide the face into ver-

tical fifths. The lower lip vermillion, and not the upper lip ver-

million, marks the vertical midpoint of the lower third of the

face. The female eyebrow is generally located 1 cm above the

superior orbital rim and has a more prominent arch compared

to males.

3. e. Ratio of type III to I collagen. The ratio of type III to I

collagen increases with age. In the epidermis, decreased

cellular turnover, reduced keratinocytes and epidermal

lipids, and decreased moisture result in dry skin. Altered

pigmentation results from fewer melanocytes and melanin

production. In the dermis, reduced repair and turnover and

reduced function of the sebaceous and sweat glands cause

dry skin. Histologically, there are fewer fibroblasts and

collagen production, reduced dermal matrix, and thicker

elastin fibers with less elasticity.

4. a. The cervicomental angle is generally more acute in

females compared to males. When smiling, no more than

two-thirds of the maxillary incisors should be exposed and

there should be no gingival show. Type I occlusion refers to

when the mesiobuccal cusp of the maxillary first molar

occludes the buccal groove of the mandibular first molar.
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One description of the ideal chin position is a line

perpendicular to the Frankfort horizontal passing through

the nasion and pogonion. The cervicomental angle is

generally more acute in males compared to females. Perioral

aging is characterized by fine lines, marionette lines,

flattening of the Cupid’s bow, long and ill-defined philtrum,

and a narrow vertical and wider transverse smile.
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7 Lasers and Radiant Energy in Plastic Surgery
Richard Gregory

Abstract

This chapter is an introduction to laser use in plastic surgery. It

is meant as a stimulus to the plastic surgeon who wants to use

lasers in plastic surgery or the skin medicine field. The laser is a

useful tool in the armamentarium of a cosmetic and reconstruc-

tive plastic surgeon. Knowledge of its many uses will comple-

ment the skills of the surgeon and facilitate the treatment of

the aging process, as well as treating photodamaged skin, birth-

marks, and a variety of dermatological disorders such as

unwanted hair. Avoiding complications and building a practice

are just two of the many ancillary benefits of laser education.

There are many good resources to expand on the information

presented herein, and a few are listed in the selected references

at the end of the chapter. Those wanting to use lasers in medi-

cine would be well advised to join the American Society of Laser

Medicine and Surgery (ASLMS). Further information can be

obtained online at www.aslms.org.

Keywords: laser, Nd:YAG, KTP, carbon dioxide, Alexandrite, pho-

tothermolysis, pulsed dye

7.1 Objectives
● Introduce the plastic surgeon to the theory and practice of

laser use.
● Understand the basics of physics and physiology of lasers and

radiant energy.
● Gain insight into the various laser technologies available and

the pathology that can be treated.
● Provide the foundation for further study, ultimately

incorporating lasers into the plastic surgery practice.

7.2 Introduction
This chapter on “Lasers and Radiant Energy in Plastic Surgery”

is meant solely as an introduction to laser use in plastic surgery.

It is not meant to be comprehensive, but as a stimulus to the

person who wants to use lasers in plastic surgery or skin medi-

cine field. The laser is a useful tool in the armamentarium of a

cosmetic and reconstructive plastic surgeon. Knowledge of its

many uses will complement the skills of the surgeon and facili-

tate the treatment of the aging process as well as photodam-

aged skin, birthmarks, and a variety of dermatological disorders

such as unwanted hair. Avoiding complications and building a

practice are just two of the many ancillary benefits of laser

education.

There are many good resources to expand on the information

herein, a few listed in the selected references at the end of the

chapter. Those wanting to use lasers in medicine would be well

advised to join the American Society of Laser Medicine and

Surgery (ASLMS). Further information can be obtained online at

www.aslms.org.

7.3 Laser Physics and Physiology
LASER is an acronym for Light Amplification by Stimulated

Emission of Radiation. It was first invented in 1960 and has

evolved to be a useful tool in medicine as well as in many

industrial applications. Conceptually, laser can be defined as a

heat generator, as nearly all medical applications of the laser

involve the conversion of laser energy into heat. An exception

to this generalization would be photobiomodulation (PBM),

which will be discussed toward the end of the chapter. The heat

generated by the laser energy impacting tissue becomes a stim-

ulus for tissue change. The change due to heating of the tissue

may range from simple swelling to charring, and eventually

evaporation as the tissue disappears into a plume. Healing of

the stimulated tissues then occurs as the body reacts to the

stimulus affecting the results which hopefully was the objective

of the laser treatment. This is where the knowledge and skill of

a laser therapist are essential.1,2

Lasers come in many forms and have many purposes. Not

every laser is suitable for every purpose. Only a few of the lasers

are commonly used in plastic surgery, which will be reviewed

here. Lasers are usually defined by the wave-length of the emit-

ted energy. The emitted energy may be visible light or invisible

to the human eye (▶ Fig. 7.1). The wavelength, intensity, and

duration of the laser beam will determine the tissue response.

Tissue interaction with the energy is also determined by a

variety a tissue factors, including the absorption and spread

of the energy. Tissue absorbers, sometimes referred to as

chromophores, include water, hemoglobin, melanin, colla-

gen, and other tissue components. Each will react differently

depending on the factors described above. These tissue

absorbers then become the target, intended, or otherwise.

Understanding the characteristics of the target tissue as well

as the laser wavelength and parameters is key to achieving a

satisfactory result.

7.3.1 Selective Photothermolysis (SPTL)

The concept of selective photothermolysis (SPTL) was intro-

duced by Anderson and Parrish in 1983 to explain the laser

tissue interaction.3 Briefly, the concept states that the combina-

tion of laser wavelength, pulse duration, laser energy, and tis-

sue absorption will largely determine the tissue response. A

brief explanation of these various factors will help the reader

understand many of the laser technologies and techniques.

There are many tissue absorbers (chromophores) in the skin,

which are competing for absorption of the laser energy. Specific

absorption curves can be plotted showing the percent absorp-

tion versus the wavelength (▶ Fig. 7.2, ▶ Fig. 7.3). By overlaying

these various curves for the major tissue absorbers, one can

select the best available laser wavelength and laser, thus opti-

mizing the absorption in the target tissue and minimizing the

absorption in the competing chromophores. A tissue target con-

sisting mostly of melanin would require a laser wavelength
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near the ultraviolet end of the spectrum while avoiding to a

large extent water absorption, which is heavy in the infrared

portion of the spectrum. The ruby laser (594 nm) would be a

good choice for melanin targets, whereas the carbon dioxide

(CO2) laser (10,600 nm) in the far infrared portion of the spec-

trum in general works well on cells containing much water.

A second consideration of SPTL is the pulse duration or

length of time the laser energy is impacting the target. Ideally,

this time period, known as the pulse duration or pulse length,

would be long enough to effectively heat the target and short

enough to avoid the spread of heat to the surrounding nontar-

get tissues. Thus, the thermal relaxation time (TRT) of the spe-

cific target should determine the pulse duration of the laser

beam. The TRT is proportional to the size of the target. Melano-

phores, the extremely small, several microns wide packets of

melanin, would require a nanosecond pulse, whereas the much

larger hair follicle bulbs would require a pulse duration of per-

haps hundreds of milliseconds.

Fig. 7.1 The electromagnetic spectrum.

Fig. 7.2 Varying absorption of different chromophores (melanin, oxyhemoglobin, and water) in relation to the wavelength of the emitted light.
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The goal of almost every laser treatment is to selectively heat

the target to a level sufficient to achieve the given purpose

without heating the surrounding nontarget tissue that causes

complications. This is where the experience and knowledge of

the laser therapist are critical to a good outcome. Other factors

can be equally important, such as the patient tissue factors

including pigment and patient cooperation. Keeping in mind

that every patient is different and conditions vary widely

within a given lesion (vessel size, etc.), it is a wonder that a

favorable outcome can be achieved.

Several different lasers can be used for a given purpose and

different pathologies may respond to different lasers. It is our

intent now to examine several of the major laser systems, includ-

ing their characteristics and uses. This will then be followed by a

discussion on the various pathologic problems that can be

treated, including which lasers may have acceptable outcome.

7.3.2 Carbon Dioxide (CO2) Laser

Although the first laser was the ruby laser (1960), the carbon

dioxide laser was developed early in laser history (1964) and

has found extensive use in plastic surgery. In fact, in many prac-

tices, the carbon dioxide laser is the main wavelength used as it

is excellent for rejuvenating tissue as well as ablating lesions

and even cutting tissue with the modest hemostatic quality. At

10,600 nm, this laser falls in the far infrared portion of the elec-

tromagnetic (EM) spectrum. It is heavily absorbed by water and

minimally absorbed by melanin. Nevertheless, even pigmented

lesions respond as the laser evaporates the water-laden cells

containing the pigment.4

Probably, the first cosmetic laser was the Coherent Ultra-

Pulse® carbon dioxide laser. This carbon dioxide laser had a

short-enough pulse to effectively ablate tissue without leaving

major heat damage. Popularity of laser resurfacing grew rapidly

in spite of the long recovery following treatment and modestly

high incidence of hypopigmentation. Heating caused shortening

of the collagen bundles and thus tissue shrinkage was achieved.

In addition, heat damage to the tissue cells released cytokines

and other tissue constituents which ultimately recruited fibro-

blasts and collagen production ensued. The reduction of tissue

weathering, pigmentation issues, and improvement of fine lines

and scars with the carbon dioxide laser caused a rapid advance-

ment of laser use in cosmetic surgery, largely replacing many of

the chemical peels and dermabrasion procedures previously

done. Many competitors to the Coherent laser appeared and

technology rapidly improved with the advent of computerized

scanning hand pieces and other developments which speeded

the resurfacing, making it more uniform and predictable.

Laser resurfacing of the skin is the most common cosmetic

use of the laser in my practice. While frequently done under

topical anesthesia as an outpatient procedure, it also can be

combined with surgical procedures such as facelifts to comple-

ment the restoration of the youthful appearance of the skin.

Although the procedure was introduced with a single spot hand

piece, a great advance was seen with the introduction of the

computerized pattern generator (CPG) which speeded the pro-

cedure and made it more uniform and precise.

Laser resurfacing consists of ablation of the cornified layer of

the skin and heating of the superficial dermis. As explained

above, heating tightens the collagen bundles and initiates

production of new collagen in the superficial dermis. In addi-

tion to alleviating the weathered appearance of the skin and

superficial disorders such as pigmentation issues, smoothing

and thickening of the skin are produced. While immediate

improvement is seen, final results may not be appreciated for

six months or more due to the time required for collagen pro-

duction. Patients undergoing laser resurfacing may not fully

appreciate the improvement, and although healing of the skin

limits the depth and intensity of a single treatment, multiple

treatments can result in increased improvement.

7.3.3 Fractional Laser Resurfacing

The most recent technological advance for laser rejuvenation

skin was introduced in 2004 as fractional photothermolysis.5

Because of the disadvantages of laser resurfacing such as pro-

longed healing, pain, need for greater anesthesia, and occa-

sional pigmentation issues, fractional technology has been a

significant development in laser resurfacing. Although the

results are not as dramatic, reduction in these disadvantages is

considerable. Thus, many patients would prefer multiple treat-

ments with fractional laser as contrasted to a single treatment

with the conventional laser resurfacing.6,7

Fractional laser resurfacing consists of creating numerous

microscopic laser beam penetrations of the skin known as

microthermal zones (MTZ). Although the number and density

of these MTZ can be adjusted, the concept involves spacing

them since there is a microscopic space between each thermal

reaction. This is what accounts for faster healing and other

advantages. Generally speaking, each MTZ can be deeper than

the heating of conventional laser resurfacing. Most laser resur-

facing of the skin is currently done with the fractional tech-

nique.8 Although other wavelengths have been used with the

fractional technology, carbon dioxide remains the most com-

mon and effective in most instances. The concept has been

applied to other energy sources other than laser. As in many

advances in technology, the concept sometimes becomes bas-

tardized and thus claims of fractional technology may involve

something completely different.

Fig. 7.3 Differing absorption of light energy by water and fat in

relation to the wavelength of the emitted light.
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7.3.4 Other Applications of the Carbon
Dioxide Laser

The carbon dioxide laser is extremely versatile and can be

used for a variety of cosmetic applications. Other than resur-

facing and rejuvenation of the skin surface, a focused hand-

piece can be used for ablating lesions, such as seborrheic

keratoses, syringomas and rhinophyma. Because of the wide

range of energies available with this laser and the modest

ability of achieving hemostasis by defocusing the beam, the

carbon dioxide laser is extremely useful in plastic surgery. A

cutting mode with a focused beam can be used for surgical

applications such as blepharoplasty where precision and

hemostasis are critical.

7.3.5 Nd:YAG (Neodymium:Yttrium-
Aluminum Garnet) and KTP Lasers

Another useful laser in the plastic surgery practice is the Neo-

dymium:YAG (Nd:YAG) and (Potassium-Titanyl Phosphate) KTP

laser combination. Although somewhat different in application,

these two are together because they originate from the same

laser source. Nd:YAG lasers, like the ruby and alexandrite lasers,

are crystal lasers. While ruby and alexandrite lasers produce a

light in the visible portion of the spectrum, the Nd:YAG is in the

near infrared 1,064 nm and thus is invisible to the human eye.

This wavelength allows very deep penetration because of the

poor absorption by the chromophores in the superficial skin.

Thus, targets such as deep, large vessels may be best treated by

the Nd:YAG laser. This laser technology is also very stable and

reliable. Its versatility has increased by placing a KTP crystal in

the beam path of the laser which halves the original 1064nm

wavelength to 532nm, thus placing it in the green portion of

the visible light spectrum. This significantly alters the absorp-

tion characteristics of the laser energy. The laser is useful for

pigmented and vascular disorders as well as hair removal

(▶ Fig. 7.3).

7.3.6 Ruby Laser (594 nm) and
Alexandrite Laser (755 nm)

Both of these crystal-based lasers serve common purposes

such as pigmented lesions and hair removal and are thus

lumped together for brief discussion. The ruby laser light is

heavily absorbed in pigmented lesions, and thus, this laser

can be used for most superficial pigmented pathologies.

Both of these lasers in the Q-switched version can be used

for removing tattoos and other embedded foreign bodies in

the superficial dermis.

A number of lasers can be Q-switched, thus changing the

effect on tissue. The Q-switched lasers have electronic shutters

that allow extremely short (nanosecond) bursts of energy

which generally are very high peak power. As stated above,

according to the theory of SPTL, the heat is largely confined to

the target, thus preventing damage to the surrounding tissue.

The high peak power causes rapid buildup of heat within the

target, thus creating “microexplosions” which disrupt the tissue

target such as tattoo pigment and melanin. It may also require a

different delivery system such as a mirrored waveguide rather

than a fiber-optic delivery system as with the longer pulsed

laser energies.

7.3.7 Picosecond (One Trillionth Second
or 10–12 Seconds) Lasers

Technically not a specific laser, but in fact a technology, one of

the latest innovations in laser medicine is the picosecond laser.

It has long been realized that the extremely short pulse and

very high energy of the picosecond laser is useful in tissue dis-

ruption. As discussed above, this extremely short pulse creates

very limited microexplosions in the tissue, thus confining the

heat to an extremely small area while creating maximal disrup-

tion within a few cell diameters distance. Like the ultraviolet

excimer laser, this has been used for ophthalmology applica-

tions for this reason. In plastic surgery, the picosecond laser uti-

lizing a variety of wavelengths (1064nm, 758nm, etc.) has been

used in tattoo removal as well as tissue rejuvenation. The clini-

cal usefulness of these lasers however is limited by their

extreme cost at present. As an aside, ophthalmological and lab-

oratory work is being conducted with the femtosecond (one

quadrillionth of a second, 10–15 seconds) laser.

7.3.8 Pulsed Dye Laser (PDL)

This is really a class of lasers, some of which have found exten-

sive use within the plastic surgery genre, particularly for pedia-

tric vascular lesions. As with every laser, there is an energy

source, which in this case may be another laser, a laser medium

which is most commonly a stream of dye circulated across the

output of the energy source by a pump, as well as the usual mir-

rors and control mechanisms. These are sometimes referred to

as pumped dye lasers or tunable dye lasers as the wavelength of

the output energy can be changed by changing the dye source.

The seminal work with the pulsed dye laser originated due to

the fact that the argon laser was much less than ideal for treat-

ing pediatric port wine stains. The early argon laser frequently

left scars and pigmentation disorders although shrinking the

vessels of the lesion. SPTL, as aforementioned, has its roots in

the development of the pulsed dye laser, which largely was

motivated by the need for improved treatment of these pedia-

tric port wine stains. The PDL was originally designed at

577nm, 450µs pulse duration. Although it was perhaps ideal

for a superficial population of microvessels, it was largely insuf-

ficient for the larger deeper vessels commonly associated with

the more mature port wine stains. Thus, the laser has been con-

figured to deliver energy at 595nm with the pulse duration in

the 1 to 10ms range. This allowed the PDL to adequately treat a

much larger population of vessels.

7.3.9 Diode Lasers

In an effort to miniaturize lasers and make them more reliable,

a variety of semiconductor lasers have been developed. We are

familiar with the typical green laser pointer. A variety of

wavelengths have been developed. Medical and dental uses

of diode lasers have utilized 800–980nm wavelengths because

of the high hemoglobin absorption. These have also found use

in the hair reduction lasers (808 nm).
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7.3.10 Other Lasers

There are many other lasers that have found occasional use in

medicine, and specifically in plastic surgery. These would

include the argon laser, the copper vapor laser, the gold vapor

laser, and a variety of other lasers, including a variety of the dye

lasers. It is not feasible to cover all of these lasers in this chapter.

Other radiant energy sources used in plastic surgery will be

reviewed below.

7.4 Non-Laser Radiant Energy
Sources

7.4.1 Photobiomodulation (PBM)

Also known as low-level laser therapy (LLLT), soft laser, or bio-

stimulation, this interesting field of research is based on the

knowledge that cellular metabolism can be altered by radiant

energy. The most common example of this is the common sun-

tan caused by the induction of melanin production by sunlight.

This has been used to treat sports injuries for pain and swelling,

healing of chronic wounds, and many other uses, including

more recently hair growth. Although there is substantial evi-

dence that PBM can be used to manipulate cell repair and

metabolism, the science has been corrupted by commercial

interests as well as less than scientific methodology in the

research. It is likely that we are on the threshold of this future

quantum leap in laser medicine.

7.4.2 Photodynamic Therapy (PDT)

This combination of light energy and drug therapy induces cel-

lular necrosis, specifically in malignant tissue. Even after having

been researched for many years, the present uses are confined

to skin and a few internal cancers, including esophageal and

certain lung cancers. FDA approved topical therapy of photo

sensitizer can be combined with a variety of light sources

including lasers to treat superficial skin cancers and premalig-

nant disease.

7.4.3 Intense Pulsed Light (IPL)

Although technically not a laser, this broadband light source is

similar in many respects to a laser and finds a prominent place

in the cosmetic laser practice. First introduced as a treatment

for telangiectasias in 1995, the IPL was preceded by a variety of

light sources such as the infrared coagulator.8 This xenon bulb

light source produces light ranging in wavelength from 500nm

to 1200nm. By introducing filters in the beam path, portions of

the broadband can be removed, creating more selectivity in the

tissue interaction, thereby increasing the usefulness of this

technology. In addition to treating telangiectasias, this technol-

ogy has found use in hair removal, treatment of pigmentation

disorders, and other areas of skin pathology.9,10 Limitations

include the relative non-selectivity of the broadband light, the

modest energy available in each portion of the light spectrum,

and lack of precision.

7.4.4 Related Technologies and Radiant
Energy

Many years ago, it became evident to the leaders of the American

Society for Laser Medicine and Surgery (ASLMS) that there were

other energy sources in addition to lasers which play a significant

role in medicine. Because of the relationship of these energy sour-

ces to lasers, the mission of the society was expanded to include

“related technologies” and radiant energy sources.

Practically, everything done in surgery as well as other fields

of medicine is to stimulate a given response in the human body.

Lasers, ultrasound, radiofrequency, etc. are all energy sources

which stimulate the body in a variety of ways. These not only

depend on the technology as well as the technical expertise of

the therapist, but also on the patient response which is multi-

factorial in nature. Some of these factors can be predicted and

thus manipulated. Others are beyond the control of the thera-

pist and sometimes even beyond the control of the patient.

Almost all laser and energy treatments involve tissue interac-

tion, which results in heat generation. Lasers that have the pre-

cision may not have the physical ability to reach and thus

stimulate a response in the target tissue. For this reason, other

energy sources have become increasingly important in plastic

surgery. Notably, among these are ultrasound, microwave, and

radiofrequency. These are all extensions of the electromagnetic

(EM) energy spectrum.

Continuing the laser theme, a promising area of laser science

is photobiomodulation (PBM). This for the most part is subcel-

lular, nonlethal (nonthermal) molecular stimulation which then

alters the metabolism of the cell. Research with this technology

includes investigations for use in pain control, wound healing,

scar therapy, and even hair growth stimulation. Combination of

laser and drug therapies such as PDT for the treatment of cancer

and other entities have proven to work, but have found limited

application to date.

7.5 Common Disorders Treated by
the Laser

7.5.1 Aging Skin

In the cosmetic practice, the most common use for lasers is in

the treatment of disorders of aging. The laser is an ideal instru-

ment for treating not only the lesions associated with aging,

such as lentigines, seborrheic keratoses, and telangiectasias, but

also other problems resulting from years of sun exposure as

well as general deterioration. The laser really comes into its

own in treating the morphologic changes of the aging process,

including thickening of the cornified layer, deterioration of the

collagen-elastin substrate, and general pigmentation disorders.

The fine lines and wrinkles resulting from this process give away

a person’s age in spite of the best efforts to maintain physical fit-

ness and general physique. Dermabrasion and chemical peels

have been the preferred treatments in the past, and there is still

a place for these treatments in the armamentarium. However,

lasers have largely replaced these treatments in many practices

because of the precision and general predictability. Arguments

against the laser discuss the cost as well as the technical chal-

lenges associated with the technology (▶Table 7.1; ▶Table 7.2).
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The fractional CO2 laser is the preferred laser for reducing

pigmented and other benign lesions, correcting pigmentation

disorders, dyschromia, etc. while simultaneously tightening

skin and inducing the production of collagen in the dermis. A

thorough laser treatment of the entire face can be accomplished

in 30 to 45minutes under topical anesthesia with resolution of

the flakiness phase in 5 to 7 days. Most patients are functional

during this period of time although restricting the public

appearance is an option. Sun exposure precautions are advis-

able. Improved results can be obtained by combining the laser

with skincare treatments as most cosmeceuticals are better

absorbed following laser treatment due to the reduction in the

cornified epidermal layer. In addition, a maintenance skincare

program should be instituted in order to prolong the benefits of

the laser treatment. More thorough results can be obtained by

using more aggressive techniques, using the older style carbon

dioxide laser resurfacing as with the Coherent UltraPulse®

laser, or repeating the treatment within a few weeks.

Evaporation of specific lesions can be accomplished with a

superpulsed carbon dioxide laser and a focused handpiece. It

should be noted, however, that there is no histologic confirma-

tion of the diagnosis or adequacy of treatment. Xanthelasma

and syringomas as well as other benign lesions of the skin are

ideally treated by the carbon dioxide laser.

Table 7.1 Therapeutic applicability of commonly used lasers

Lasers/Applications

Device Wave length Tissue Pathology

CO2 Superpulse 10,600 Cells, water Aging, lesions, tumors

CO2 Fractional 10,600 Cells, water Aging, lesions, tumors

Erbium 2,940 Water Pigment, aging

1550 Fractional 1,550 Cells, water Scars, aging

KTP 532 532 Melanin, hemoglobin Pigment, vascular

PDL 585/595 585/595 Hemoglobin PWS, vascular

Ruby/Alexandrite 694/755 Melanin Dyschromia, birthmarks

IPL Green 500–670, 870–1,200 Melanin, hemoglobin Pigment, vascular,

IPL Yellow 525–1,200 Melanin, hemoglobin Pigment, vascular,

IPL Red 650–1,200 Melanin Hair

Table 7.2 Lasers used to treat skin-based conditions

Lesions/Laser

Lesion type Pathology Laser

Vascular

Telangiectasias Small, shallow-IPL, large, deep-KTP

Capillary, PWS Pediatric-PDL, mature-KTP/Nd:YAG

Pyogenic granuloma KTP/ CO2

Hemangioma KTP/Nd:YAG

AVM KTP/Nd:YAG

Leg veins Injection/KTP/ND:YAG

Rosacea IPL/KTP

Poikiloderma IPL/KTP

Angioma fibroma KTP/ CO2

Pigmented

Dyschromia/PIH IPL/Ruby/KTP(Q-Sw)

Melasma IPL/Ruby/KTP(Q-Sw)/Fractional !550/Erb

Lentigo Fractional CO2

C.A.L.M. Q Sw Ruby/KTP/IPL

Seb keratosis Fractional CO2

Congen nevi IPL/Ruby/KTP

Tattoos Picosecond otherwise Q-Sw Ruby/Alex/KTP

Cysts, Tumors

Warts Pulsed CO2

Syringoma/Seb hyperplasia Pulsed CO2

Xanthelasma Pulsed CO2

Seb keratosis Fractional or pulsed CO2

Rhinophyma Pulsed CO2
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While the laser has been used for facelift dissection, there are

very few advantages and some potentially serious risks to this.

However, it is a well-accepted procedure to use the laser for

blepharoplasties. The benefit of precise dissection and hemo-

stasis potentially speeds up the procedure and may reduce the

postoperative swelling and bruising.

7.5.2 Vascular Lesions

The earliest use of lasers in plastic surgery was to treat vascular

lesions, particularly of childhood, including hemangiomas and

capillary malformations (e.g., port wine stains). A variety of vas-

cular lesions of adults can also be treated with laser. Starting

with the youngest, the best treatment for neonatal capillary

malformations is the pulsed dye laser. Although the argon laser

was used in the past, it is not advisable. Aggressive and threat-

ening hemangiomas in infants can be treated with the KTP

laser, or the Nd:YAG laser can be used with significant advant-

age for deeper penetration. Adult vascular lesions can be treated

with the KTP or Nd:YAG laser and other lasers have been used.

For generalized erythema such as rosacea, the IPL may be used

although it fails to treat deeper and larger vessels very well.

7.5.3 Tumors and Hyperplastic Skin
Lesions

Debulking of large tumors, such angiofibroma and even neuro-

fibroma, as well as hyperplastic conditions, such as rhino-

phyma, can be accomplished using the carbon dioxide laser.

Improved hemostasis in large vascular tumors can sometimes

be achieved using the Nd:YAG laser with contact fiber, but the

surgeon should be prepared to control bleeding of large, high-

pressure vessels with conventional techniques. Rhinophyma

can be effectively treated by debulking with the carbon dioxide

laser which usually can be accomplished under local anesthesia.

Healing by epithelialization may require three or four weeks,

depending on the extent of the lesion.

7.5.4 Pigmentation Disorders

A variety of lasers can be used for many of the more common

pigmentation disorders, dyschromia, lentigo, and even

melasma. For the more superficial, thin lesions, the IPL may be

the ideal treatment. Thicker lesions, however, require a more

aggressive approach with the KTP laser or other pigmentation

lasers such as ruby or alexandrite. Raised and thickened benign

lesions will probably require ablation, and the fractional or

superpulsed carbon dioxide laser would be an excellent choice

for most of these. It should be noted that as with all conditions,

they may require more than one treatment and certainly can

return. Melasma, although responsive to the laser, has an

extremely high recurrence rate. A full skincare medical program

should be outlined for the patient before undertaking a laser

treatment. This may require restriction of hormones as well as

sun exposure and other precipitating influences.

7.5.5 Tattoos and Other Foreign
Body Granulomas

With the recent increase in popularity of tattoos, and the

potential dissatisfaction by those with tattoos, a boom in the

laser removal would be expected. The history of tattoo

removal has been poor because of the slow response, con-

siderable cost, and generally poor result with incomplete

removal, pigmentation changes, and scars. Few people hav-

ing a tattoo or wanting one removed consider these factors.

Although many attempts have been made to overcome these

obstacles, progress has been slow. The recent added technol-

ogy of picosecond lasers may change this scenario. Time will

tell whether this technology will survive and thrive. The

results look promising at present, but the cost of these

lasers is extreme. In addition to the body art, embedded for-

eign bodies such as road dirt can be removed by the laser.

Many lasers may be useful in this regard, but in most

instances, one would start with the Q-switched laser such as

a KTP, ruby, or alexandrite. Deeper and larger particles can

be evaporated with the carbon dioxide laser handpiece.

7.6 Related Technologies
Other energy sources can heat tissue and thus affect many of

the results achieved by stimulating the tissue with the laser.

While having been present for a long time, many of these are

still yet to be fully accepted in the medical community. Ultra-

sound and radiofrequency are among the energy sources devel-

oped or being developed for treating not only the aging

processes within the body but also localized lipodystrophy. In

most instances, these energy sources must pass through the

skin, the organ most affected by the laser, into the deeper tissue

to achieve the goals of treatment. Deeper, direct application of

energy, as with radiofrequency (RF), through a probe inserted

through the skin will have greater effect. There is also the added

possibility of combining laser to treat the skin and other energy

sources to treat the deeper tissue. The development of these

energy sources is still in its early stages, and even though many

results achieved to date may have minimal benefit, progress is

being made and thus the laser therapist should be alert and yet

conservative in adopting them.

7.7 Safety
The new laser therapist should be fully risk averse. In addi-

tion to the usual risks of surgery including infections, scars,

etc., the laser introduces new and potentially dangerous

risks. All laser wavelengths can be harmful to the eyes and

require eye protection for both the patient as well as thera-

pist and most people in the room. In addition, the risk of

fire due to the laser igniting flammable objects within the

operative field is greatly increased in the presence of oxy-

gen, whether flowing through a tube or trapped under

drapes. Moistened or wet towels surrounding the treated

site will guard against fire ignitions. Similarly, alcohol-based

preps should be avoided. When using a laser around the

mouth, the teeth should be protected from potential delete-

rious effect on the enamel. Moist gauze occlusion works well

in this regard. Furthermore, if the treatment room has a

mirror, this should be covered while the laser is in use,

thereby protecting from inadvertent reflection of the laser

beam. Lastly, appropriate signage is required to alert those

entering the treatment room that a laser is in use.
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7.8 Conclusion
Lasers are powerful tools applicable to many clinical conditions

encountered by plastic surgeons. Significant improvement in

such conditions can be provided with the potential for minimal

morbidity and short recovery times. Creating a laser practice is

a substantial commitment, largely related to the expense of

these devices, but also due to the need for maintaining a cur-

rent knowledge base of new technology and applications.

Nevertheless, with proper planning and execution, the use of

lasers and related technology can be an extremely rewarding

part of one’s practice.

7.9 Review Questions

7.9.1 Choose the Best Answer

1. All the following are true about lasers EXCEPT the

following:

a) LASER is an acronym for Light Amplification by Stimulated

Emission of Radiation.

b) Lasers create their clinical effect dependent on the light

spectrum (wavelength) emitted.

c) Lasers do not create heat or thermal tissue injury.

d) Lasers are defined by the wavelength of light emitted.

2. The tissue response from laser treatment is dependent

on

a) Laser wavelength.

b) Pulse duration.

c) Laser energy.

d) Tissue absorption.

e) All of the above.

3. Laser energy is dependent on energy absorption into

a) Water.

b) Hemoglobin.

c) Melanin.

d) Collagen.

e) All of the above.

4. The carbon dioxide laser is

a) Heavily absorbed by melanin.

b) Primarily absorbed by water and causes cellular vaporization.

c) Ineffective at skin resurfacing.

d) Best used for vascular lesions.

5. The Neodynium:YAG laser

a) Provides only superficial penetration of skin.

b) Cannot be used for hair removal.

c) Is useful for pigmented and vascular lesions.

d) Can be used for skin ablation and tightening.

7.9.2 Answers

1. Lasers create their clinical effect dependent on the light

spectrum (wavelength) emitted (b).

2. All of the above (e).

3. All of the above (e).

4. Primarily absorbed by water and causes cellular

vaporization (b).

5. Can be used for skin ablation and tightening (d).
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8 Burn and Thermal Injury
Steven J. Hermiz, Paul Diegidio, and C. Scott Hultman

Abstract

This chapter addresses the critical issues resulting from injuries

due to fire in its various manifestations. Included are discus-

sions of burn management, airway management, resuscitation,

wound care, and surgery. The pathophysiology of burns is

detailed, along with procedures for accurately assessing the

extent and damage due to burns. The multidisciplinary

approaches to burn treatment are also reviewed and include

topical antimicrobial therapy, nutrition and local injury guid-

ance, anesthesia, infection, airway treatment, excision and

grafting, and reconstruction. The chapter includes two clinical

cases that apply the treatment procedures covered.

Keywords: Parkland formula, enteral feeding, antimicrobial

therapy, thermal injury, chemical burns, frostbite, electrical

burns, radiation burns, crystalloid, cytokine

8.1 Goals and Objectives
● Familiarize with the first steps of burn management, inclusive

of airway management, resuscitative support, wound care,

and surgery.
● Understand effective resuscitation starting with accurate

assessment of the extent and depth of the burn injury,

followed by the application of the Parkland formula for fluid

replacement, to ensure adequate end-organ perfusion,

including skin.
● Review the need for early enteral feeding, within the first 24

hours, in burn patients as it decreases the catabolic response,

improves nitrogen balance, maintains gut mucosal integrity,

and decreases hospital stay.
● Learn the basics for successful surgical management of the

burn patient: burn wound excision, topical antimicrobial

therapies, and resurfacing with skin grafts are key to

successful management.
● Become cognizant of the multiple treatment modalities that

can be offered to a patient with hypertrophic burn scars,

including nonsurgical care (silicone sheets, pressure

garments, and splinting) as well as several different types of

laser therapies. Contractures and unstable wounds can be

reconstructed with tissue rearrangements, flaps, or skin

substitutes.
● Familiarize with the different types of burns, including

thermal injury, chemical burns, frostbite, electrical burns, and

radiation burns.

8.2 Patient Presentation

8.2.1 History and Epidemiology

Since the discovery of fire, burn injuries have posed a threat to

human wellbeing due to direct contact and scald.1 The founda-

tions of burn treatment can be traced back several thousands of

years in time. However, the confluence of medical, surgical, and

technological advancements since the mid-1900s has revolu-

tionized burn care and have drastically improved patient

outcomes. The major advances documented throughout history

are listed in ▶ Table 8.1.1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20

Burns are the fourth most common type of trauma injury fol-

lowing traffic accidents, falls, and interpersonal violence.21 In

2004, 11 million people globally experienced burns severe

enough to require medical attention.21 Each year, burn injuries

and fires claim over 300,000 lives worldwide, despite the vast

majority of burn injuries being nonfatal.22,23 In low and middle-

income countries, where over 90% of all burn deaths occur,

infrastructure to prevent and treat acute burns is lacking, and

the healthcare burden is particularly high.22

However, even in the United States, burns are a sizable source

of morbidity and mortality. According to the American Burn As-

sociation, approximately 450,000 patients receive treatment for

burns in a hospital or emergency room setting each year in the

United States. Of those acute burn injuries, roughly 3,400 result

in mortality each year. According to the Centers for Disease

Control and Prevention (CDC), males account for 64% of the $7.5

billion total medical cost and productivity loss burden from

burn-related injuries per year in the United States.24 Additional

factors and information related to burn epidemiology are

described in ▶ Table 8.2.21,22,23,24,25,26,27

Burn injuries are a leading cause of death in children living in

developing countries.28 Burns are physically, emotionally, and

psychologically devastating to the patient, family members, and

the provider. They are a common household injury as children

explore new surroundings and objects.29,30,31,32,33,34 Delgado

et al determined that 77.5% of burn cases occurred in a patient’s

home (67.8% in the kitchen) and 74% were due to scalding. In

order to prevent this debilitating injury, the clinician must be

cognizant of the risk factors and protective factors aimed at

burn prevention (▶Table 8.3).27,28,29,30,31,32,33,34,35,36

8.3 Pathophysiologic Basis of
Clinical Presentation
Burn injury results in coagulation necrosis of the skin and pos-

sibly the underlying subcutaneous tissue. The tissue surround-

ing this central zone of coagulation necrosis sustains a

moderate degree of vascular injury, which decreases tissue per-

fusion and is known as the zone of stasis. Local mediators pro-

duced from the burn wound, such as arachidonic acid, are able

to propel this zone into a partial thickness or full-thickness

injury. They also cause arterial/venous dilation and platelet

aggregation, thereby decreasing flow and perpetuating stasis.

Thromboxane A2 is found in high concentrations in the burn

wound and increases neutrophil migration in addition to plate-

let aggregation.37

There are multiple cytokines involved in burn injury

(▶Table 8.4) and their actions are responsible for both the local

and systemic effects seen in burn patients.34 Burn wound colo-

nization and bacterial translocation (▶Table 8.5) are the nidus

for endotoxin production and its effects.37

78



The extent of damage done by a burn is not limited to the

body surface area involved.38 The insult of a burn disrupts

hemodynamic, respiratory, and metabolic systems.37 Burn

injury releases inflammatory mediators that are responsible for

the downstream cascade of events that ultimately results in

burn shock, specifically hypovolemic and distributive shock

(▶ Fig. 8.1).38,39,40 Distributive shock is the result of total body

fluid expansion resulting from third spacing to include the

intravascular, intracellular, and interstitial spaces. Hypovolemic

shock ensues from massive interstitial fluid sequestration, and

fluid is lost from the wound, resulting in decreased circulating

plasma volume, and consequently, preload and cardiac output

are decreased.38,39,40 Demling et al concluded that edema

continues and reaches a maximum level of 24 hours after injury

and begins to resolve 1 to 2 days after the injury.38,39

The degree of metabolic derangement is related to the extent

of the burn injury. The first phase is referred to as the “Ebb

phase,” which is characterized by a decrease in cardiac output

and metabolic rate. After adequate fluid resuscitation, the car-

diac output increases and there is an increase in resting energy

expenditure. Cytokines activate other inflammatory mediators,

which cause alterations in the hypothalamic control of temper-

ature and metabolism resulting in fever and hypermetabo-

lism.41 The thermoregulatory set point increases 5 to 15 days

postburn and remains elevated for up to 2 months.41 The meta-

bolic rate in burn patients is estimated to be twice normal.41

Table 8.1 Major advances in burn care

Author/Event Year Contribution

Ebers Papyrus 1500 BC Earliest description: burns treated with oils, plant extracts, honey and animal

tissues

Hippocrates 500 BC Pig fat and resin to heal burns

Celsius 1st Century AD Lotion of wine and myrtle to treat burns

Galen 2nd Century AD Greek surgeon; vinegar and open-air exposure for wounds

Amboise Pare 16th Century AD Onions to treat burns; early burn wound excision

Guihelmus Fabricius Hildanus 1607 1st systematic classification of burns/treatment of contractures (De

Combustionibus)

Edward Kentish 1790 Pressure dressings to alleviate pain and blisters from burns

Marjolin 1790s Squamous cell carcinoma in nonhealing burn wounds

Guillaume Dupuytren Early 1800s Occlusive dressing treatment, allowed development of burn depth

classification

Topical antimicrobials 18th century Sodium hypochlorite for infection control

Edinburgh Hospital Mid-19th century 1st hospital to treat large burns surgically

Burn Education Late 19th century Textbook and reference books detailing medical and surgical management

of burns

Nutrition Early 20th century High-calorie intake recommended

Wars/Industrial accidents 20th century Disaster burn management development

World War I 1914 Surgical skin transplantation, scar reduction, and pain management were

most effective burn management

William Monafo 1941 0.5% silver nitrate—Agent of choice

Boston’s Cocoanut Grove nightclub

fire

1942 1st comprehensive description of inhalational injury

Improvements in topical antimicrobials

Shock resuscitation

Antibiotic use

Understanding the metabolic response after burn injury

Beginning of burn care facilities, public safety legislation

Truman G. Blocker Jr. 1947 Deadly ammonium nitrate fertilizer explosion; demonstrated value of

multidisciplinary team approach for burn treatment

O. Cope, F.D. Moore 1940s Quantified fluid amount needed for resuscitation

I.E. Evans 1952 Fluid requirements for resuscitation based on surface area burned and body

mass (Parkland formula)

Douglas Jackson 1960 Excision and grafting up to 30% body surface area on day of injury

J.C. Tanner Jr. 1964 Meshed skin graft

Z. Janzekovic 1970 Tangential excision and grafting (large burns)

Engrav, Herndon 1980s Early excision/tangential excision—decrease mortality, reduce

hospitalization, reduce hypertrophic scarring

J. Wesley Alexander 1981 “Sandwich technique”—covering expanded autograft with cadaver skin

John Burke, Ioannis Yannas 1981 Artificial skin (Integra)

J.F. Hansbrough, S.T. Boyce 1989 Composite skin graft

D.N. Herndon 1989 Continuous enteral feeding recommended in burn care

Metabolic support, including anabolic steroids (oxandrolone)

Pathophysiologic Basis of Clinical Presentation
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Cortisol, glucagon, and catecholamines are elevated in the burn

patient. Cortisol is responsible for a catabolic state and creates a

negative nitrogen and calcium balance. It stimulates gluconeo-

genesis and proteolysis. Catecholamines stimulate glycogenoly-

sis, hepatic gluconeogenesis, and lipolysis and also create

peripheral insulin resistance. Therefore, as a result of elevated

glucagon levels, both glucose and insulin levels are elevated.

Muscle protein catabolism leads to high concentrations of

amino acids and decreased protein anabolism as a result of

decreased levels of growth hormone and insulin-like growth

factor.41

In the postburn patient, increased levels of catecholamines

and catabolic hormones lead to a global hypermetabolism syn-

drome. This is evident by tachycardia, fever, hepatic protein

synthesis derangement, and muscle protein catabolism. A

heightened response leads to immunodeficiency, impaired

Fig. 8.1 Burn pathophysiology flow chart.

Table 8.2 Burn epidemiology

Global health issue 11 Million people world-wide and 450,000

in the United States

Large healthcare burden Low- and middle-income countries with

highest mortality

Mortality rate 3,400/y

$7.5 billion total medical cost and

productivity loss burden/y

Age discrepancy Pediatric population more at risk, especially

for scald burns (non-Caucasian children)

Risk factors and higher

morbidity and mortality

rates

Male sex

Impoverished socioeconomic status

Children

Elderly

Disabled

Military personnel

Incidence 50% reduction in fire and burn related

deaths and hospitalizations for acute burn

injury

Types of Burns Scald (most common)

Fire and flame (most common to require

hospitalization)

Geographic discrepancy Increased incidence in Africa

Table 8.3 Pediatric burns: risk factors and protective factors aimed at

burn prevention

Risk factors Protective factors

Age <6 y old Mother literacy

Girls Education on risks for burns

Impoverished Living rooms separate from

kitchen

Disabled Smoke detectors

Small kerosene stoves Emergency response systems

Candles Good quality healthcare

Volatile substances Intervention programs

(developing countries)

Low rate of literacy Residential sprinklers

Overcrowded living areas Child resistant/fire-safe lighters

No supervision Laws regulating temperature of

hot-water taps

History of burns (siblings)

No regulations on smoke

detectors/building codes

No access to water

Table 8.4 Cytokines involved in burn injury and their actions

Cytokines Action

TNF-Alpha Neutrophil sequestration (microvascular

injury/burn size extension into zone of

stasis)

IL-1, IL-2, IL-4, IL-6, IL-8, IL-

12, INF-gamma

Active other classes of inflammatory

mediators (potentiating their actions)

Alterations in hypothalamic control of

temperature and metabolism

Potentiate organ failure progression

Abbreviations: TNF, tumor necrosis factor; IL, interleukin; INF,

interferon.

Table 8.5 Burn wound inflammatory response

Bacterial colonization and dermal

necrosis

Associated actions

Endotoxins (translocation) Activates neutrophils and

macrophages: inflammation/

tissue damage

Inflammatory response Activates Proapoptotic signaling

pathway

Proinflammatory mediators and

neutrophils

SIRS response

Abbreviation: SIRS: systemic inflammatory response syndrome.

Skin and Soft Tissue
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wound healing, loss of lean body mass, cardiac ischemia, and

sepsis.37

Complications from this disruption may lead to acute lung

injury, systemic inflammatory response syndrome (SIRS)/sep-

sis, immunosuppression, acute respiratory distress syndrome

(ARDS), and multisystem organ failure (MSOF), potentially cul-

minating in death.37

8.4 Preparation for Surgery

8.4.1 Initial Evaluation and Treatment

The first step in effective resuscitation is accurate assessment of

the extent and depth of the burn injury. The second step is to

determine if smoke inhalation injury is present. Smoke inhala-

tion is suspected with facial burns, carbonaceous sputum, or a

history of being in a closed space.41 The goal of fluid resuscita-

tion is to support the patient through the initial 24 to 48 hours

postburn, which results in hypovolemia from third spacing and

fluid shifts. This led Baxter and Shires to develop and imple-

ment the Parkland formula, which estimates the amount of

replacement fluids in the first 24 hours in a burn patient. Total

replacements needs are calculated by the formula: total flu-

ids = 4mL×weight (kilograms) × % total body surface area

(TBSA) of second and third-degree burns. The first half is given

within 8 hours from the injury, and the second half is given

over the remaining 16 hours. The body surface area is estimated

using the Wallace rule of nines (▶ Fig. 8.2).37,38,39,40,41

The patient’s response to resuscitation is dependent upon

age, depth of burn, pre-existing comorbidities, associated

injuries, and concomitant inhalation injury.38 Smoke inhala-

tion injuries require up to one third more fluid during acute

resuscitation compared to burn patients without inhalational

injury.41 The current first-line crystalloid solution is lactated

ringers.37,38 During the inflammatory state, 25% of the infused

volume remains intravascular; therefore, larger amounts of crys-

talloid are needed, contributing to the edema seen in burn

patients.38,40 The Parkland formula grossly underestimates

requirements with inhalational injury, alcohol intoxication, elec-

trical injury, and postescharotomy. Hypertonic saline has been

used in early resuscitation with benefits seen in decreased tis-

sue edema and abdominal compartment pressures, but is cur-

rently not routinely used.37,38,40

Colloid fluid administration (albumin and fresh frozen

plasma) can be given 12 to 72 hours postinjury after the capil-

lary leak phase has ceased in patients with low urine output

and hypotension, despite crystalloid administration. The stand-

ard belief that colloid use increases mortality in burn injury

patients and may be due to the notion that colloids leak into

lung parenchyma. Blood transfusions increase mortality in burn

Fig. 8.2 Wallace Rule of Nines (a) Adult and

(b) Child.
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patients and a restrictive strategy with hemoglobin goals of 7

to 9 g/dL is recommended.37

Intravenous fluid administration is critical to reverse the

pathophysiology of burn shock by restoring plasma fluid loss,

increasing body fluid reservoir, and restoring preload.38,40 Care

should be taken not to over-resuscitate the patient, which can

lead to abdominal compartment syndrome, renal failure, pul-

monary edema, extremity compartment syndrome, and orbital

compartment syndrome.38,40 The adequacy of resuscitation is

monitored constantly and urine output of 0.5 to 1.0mL/kg/h is

an adequate indicator of vital organ perfusion.41 Some studies

suggest that the use of IV ascorbic acid decreases edema, intra-

vascular fluid requirement, and respiratory dysfunction

severity.37,41

Upon initial evaluation, the clinician should be aware of both

the admission and transfer criteria for burn-injured patients.

Current recommendations for admission and transfer are listed

in Box 8.1.42

Box 8.1 Admission/Transfer criteria after
burn injury (American Burn Association
Guidelines)

● Second-/third-degree burns: > 10% TBSA (< 10 years old/ > 50

years old).

● Second-degree burns: > 20% TBSA.

● Hands/Face/Feet/Genitalia/Perineum burns.

● Third-degree burns: > 5%.

● Electrical/Chemical burns.

● Inhalational burn.

● Polytrauma.

● Significant comorbidities.

● Child abuse/neglect.

● Social/Emotional/Long-term rehabilitation.

8.4.2 Topical Antimicrobial Therapy

Topical agents are used on burn wound to hinder bacterial pro-

liferation and fungal colonization. The three most commonly

used topical antimicrobials are silver sulfadiazine (Silvadene),

mafenide acetate (Sulfamylon), and silver nitrate, all of which

have varying coverage of bacterial pathogens. Silver sulfadiazine

is mainly used for prevention of burn wound bacterial infection,

rather than treatment, because of poor eschar penetration.

Also, it should not be used on the face. Mafenide acetate is used

for both treatment and prevention of bacterial infection of burn

wounds because of excellent eschar penetration. However,

mafenide’s disadvantages include painful application in partial

thickness burns and inhibition of carbonic anhydrase, leading

to metabolic acidosis. Silver nitrate is another topical agent

with broad-spectrum antibacterial activity; however, it has

poor eschar penetration and is associated with electrolyte

abnormalities. Mupirocin and bacitracin are commonly used for

superficial facial burns and care should be taken to only apply

to small areas given their nephrotoxic quality (▶ Table 8.6).41

8.4.3 Nutrition and Local Injury

Severely burned patients (> 40% TBSA) have a metabolic rate

that approaches 200% of the basal rate, resulting in greater

energy and protein requirements.41 Providing nutrition is cru-

cial for wound healing, cellular function, and resistance to infec-

tion.41 Early enteral feeding, within the first 24 hours, in burn

patients decreases the catabolic response, improves nitrogen

balance, maintains gut mucosal integrity, and decreases length

of hospital stay. The recommended formula consists of 20% of

calories from protein, 30% as fat, and 50% as carbohydrates. The

general formula is 25 kcal/kg +40 kcal/5% burn.41 High-carbohy-

drate diet improves the net balance of skeletal muscle protein,

but aggressive monitoring and treatment of hyperglycemia is

Table 8.6 Topical antimicrobial agents

Drug Mechanism of action Side effects

Silver sulfadiazine (Silvadene) Bactericidal (cell membrane/wall)

Broad spectrum anti-microbial coverage

Exact MOA unknown

No eschar penetration

Use: superficial and intermediate thickness burns

● Sulfa allergy
● Neutropenia
● Thrombocytopenia
● Not for facial burns or ear burns
● Contraindicated on areas of new skin grafting (destructive

to grafts)

Mafenide Acetate (Sulfamylon) Bacteriostatic

Inhibits folic acid synthesis

Pseudomonal coverage

Good eschar penetration

Good for cartilage (ears)

Prevention and Treatment

Use: Intermediate thickness and deep burns (full

thickness)

● Painful
● Metabolic Acidosis (difficult ventilator management)
● Sulfa allergy
● Skin hypersensitivity reactions

Silver Nitrate Antiseptic

Denatures proteins (cell wall/membrane)

No eschar penetration

Advantage: doesn’t need to be removed

● Hyponatremia
● Hypochloremia
● Hypocalcemia
● Hypokalemia
● Methemoglobinemia
● Black tissue staining

Neomycin Use: superficial partial thickness burns on face ● Nephrotoxic

Polymyxin B Use: superficial facial burns ● Nephrotoxic

Bacitracin Use: superficial burns, raw wounds

Helps keep wounds moist

● Anaphylaxis

Mupirocin Use: superficial MRSA infection ● Nephrotoxic
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recommended. Uncontrolled glucose levels are associated with

increased bacteremia, reduced skin graft take, and increased

mortality.37 The protein requirement in severely burned

patients is 1.5 to 2.0 g/kg per day, which attenuates the

increased oxidation rate of amino acids.37

8.4.4 Anesthesia

Pain management after burn injury is difficult and requires a

methodical, rational approach.40 Burn injury is one of the most

painful types of trauma due to injury of both sensory organelle

receptors in the dermis and afferent nerve fibers leading to the

skin.42 Debridement, daily wound care, excision and grafting,

and physical therapy, all further affect sensory feedback loops.

The guidelines for providing adequate pain relief for burn

patients begin with differentiating background pain from pro-

cedural and breakthrough pain, while treating from anxiety,

depression, and possible substance abuse. The goal is for the pa-

tient to be comfortably awake and alert.43

Classic recommendations of avoiding succinylcholine after 72

hours are still valid.40 Some studies suggest the use of intrave-

nous opioids from the time resuscitation begins and addressing

breakthrough pain with short-acting opioids and nonsteroidal

anti-inflammatory medications. During procedures or dressing

changes, ketamine, inhaled nitrous oxide, and benzodiazepines

have been used with success. Propofol or Precedex has been

used for sedation while the patient is mechanically ventilated;

however, it is important to note that these infusions do not pro-

vide analgesia. Opioids are the mainstay of treatment; however,

anxiolytics, anticonvulsants, and nonsteroidal anti-inflamma-

tory drugs (NSAIDs) can be used as adjuncts to control the

patient’s relentless pain.43 The prevention of chronic neuro-

pathic pain is critical and therefore other adjuncts are utilized,

such as laser therapy, acupuncture, fat grafting, and nerve

decompression.

8.4.5 Infection/SIRS/MSOF

Burn wound infections are common after burn injury and the

practitioner must be vigilant during clinical assessment

(▶Table 8.7). The larger the size of the burn injury, the greater

the risk of infection, which is due to decreased cell mediated

immunity, as thermal injury results in less phagocytic activity

and lymphokine production by macrophages.44 Specifically, the

large surface burns have a systemic immunomodulatory effect

by skewing the system toward an interleukin-mediated

response.45 Multiple studies have looked at the role of prophy-

lactic antibiotics and current recommendations do not support

their use.46

Hospital-associated infections (HAIs) in severely burned

patients remain a major cause of morbidity and mortality.

Weber et al used HAI surveillance data at a single institution

over 5 years and found the most common sites to be the respi-

ratory tract (ventilator-associated pneumonia [VAP] and trache-

obronchitis), the urinary tract, burn surgical site infection, burn

wound cellulitis, superficial thrombophlebitis, peritonitis, Clos-

tridium difficile colitis, and device-related bacteremias (central-

line associated bloodstream infections).44

Pneumonia, specifically VAP, is one of the most common

infections and most common cause of death in severely burned

patients (greater than 30% TBSA). Burn patients become suscep-

tible secondary to immunosuppression, impaired secretory

clearance of pulmonary secretions, inflammatory cascade acti-

vation, and leakage of plasma into the lung parenchyma. Diag-

nosis remains difficult in the burned patient, but the

cornerstone of accurate diagnosis involves the use of bronchoal-

veolar lavage with quantitative cultures.37

Central line-associated blood stream infections (CLABSIs) are

common among patients with burn injuries due to the immu-

nosuppressed state and potential burn wound bacterial coloni-

zation. Van Duin et al implemented interventions to decrease

CLABSIs in a burn intensive care unit. These interventions

included enhanced education of medical staff, mandatory nurs-

ing training on IV line care and maintenance, central line

changes over a guide-wire every three days with the use of a

new site every six days, introduction of antibiotic-impregnated

central venous catheters, universal glove and gown use, and use

of chlorhexidine patch at insertion site. The interventions

decreased the incidence of CLABSIs and the number of CLABSIs

caused by Staphylococcus aureus.45

The most common pathogens among burn intensive care

units vary among institutions. Throughout the literature, Pseu-

domonas aeurginosa is recognized as the most common patho-

gen isolated, followed by Staphylococcus aureus. At UNC, the

most common pathogens isolated among the burn ICU patients

are Pseudomonas and Acinetobacter spp (▶ Table 8.7).44

8.5 Treatment

8.5.1 Airway

Treating the burn patient is complex and requires a multidisci-

plinary approach in order to limit morbidity and mortality. Ini-

tial management should start with airway, breathing, and

circulation under Advanced Trauma Life Support guidelines. In

the severely burned patient, early intubation and ventilator

support is appropriate for airway management. The burned

patient has reduced pulmonary compliance and increased chest

Table 8.7 Burn wound infections

Signs Common bacteria Other infectious agents Diagnosis

Rapid eschar separation

Edema

Partial-thickness conversion to full

thickness

Hemorrhage within the wound

Green fat discoloration

Necrotic skin around wound bed

Erythema Gangrenosum

Malodor from wound bed

P. aeruginosa (most common)

S. aureus (2nd most common)

E. coli

Acinetobacter

Enterobacter

Enterococcus

C. difficile

Stenotrophomonas

Herpes simplex Virus (most

common virus)

C. Albicans (most common fungus)

Mucormycosis

Aspergillus

Biopsy (gold standard): > 105

organisms
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wall rigidity, leading to high airway pressures and exacerbation

of the lung injury. Therefore, using of low tidal volumes with

permissive hypercapnia is recommended. Another ventilator

strategy is using high-frequency oscillator or percussive ventila-

tion.37 As a last resort, extracorporeal membrane oxygenation

can be considered. The benefits have been studied in the pedia-

tric population and adult patients with inhalation injury. Sup-

plemental therapies with inhaled nitric oxide, aerosolized

heparin, and N-acetylcysteine have some benefit in selected

patients. Early tracheostomy provides shorter time to extuba-

tion and increases patient comfort, but offers no advantage in

ventilatory support, length of stay, or survival.37 Burn-induced

hypermetabolism is an important sequela that leads to compli-

cations and death; therefore, the management recommenda-

tions are outlined in ▶ Table 8.8.37,47,48

8.5.2 Excision and Grafting

Burn wound excision, moisture dressings, and resurfacing with

skin grafts are key to successful management. Early excision of

burned tissue, within 24 to 48 hours, halts the sequela of the

postburn inflammatory response and improves survival. Bed-

side evaluation remains the most common method to measure

burn depth; however, other modalities such as biopsy and his-

tology, thermography, and indocyanine green video angiogra-

phy are other modalities that are beneficial. First-degree burns,

referred to as superficial burns, are characterized as painful and

blanching and heal without scar formation. Second-degree

burns are further categorized as superficial partial and deep-

partial thickness burns. Superficial partial thickness burns are

painful, blanch, blister, and have intact epithelial appendages.

Deep-partial thickness burns have loss of hair follicles and are

white or mottled in color. Third-degree burns are full-thickness

burns, have a leathery appearance, and extend to the subcuta-

neous fat. Fourth-degree burns are characterized by their

involvement of adipose tissue, muscle, or bone. The burn depth,

characteristics, and associated treatments are further listed

in ▶Table 8.9. There are many options for wound coverage,

which include autografts, allografts, xenografts, or synthetics

(▶Table 8.10).41,49,50,51,52,53

Autografts revascularize through imbibition, inosculation,

and neovascularization and are more successful in split-

thickness skin grafts. Once burn wounds are closed, emphasis

shifts to rehabilitation. Burn scars are kept hydrated with emol-

lients. Pressure garments decrease lymphedema, which helps

reorient collagen and makes scars flatter and smoother. Early

splinting and pressure garments reduce the formation of joint

contractures.49,50,51,52,53

8.5.3 Reconstruction

Burn injury has downstream consequences that affect a

patient’s confidence and self-esteem. The burn itself is a con-

stant reminder of the traumatic event. While some burn

wounds heal uneventfully, others can exhibit degrees of normal

and abnormal scarring, which is one of the major sequelae that

affect the patients’ psyche. Hypertrophic burn scars are the

result of disorganized wound healing and can cause disabling

contractures, dysesthesias, paresthesias, pain, stiffness, surface

irregularities, chronic folliculitis, hyperemia, and persistent

pruritus.54 They are characterized by excessive inflammation,

prolonged re-epithelialization, excess collagen production,

abnormal extracellular matrix remodeling, and fibroblast pro-

liferation. The scar also replaces the skin’s epithelial appendages

that are critical for thermoregulation, UV protection, and

mechanical trauma protection.55,56

Table 8.8 Burn induced hyper-metabolism management

Recommendation Effect

Early excision of full-

thickness burns

Halts inflammatory mediators

Strict glucose control:

Insulin

Target: 80–110mg/dL

Decreases infectious complications and

mortality rates

Non-selective beta-

blocker: propranolol

Blunt cardiac response

Reverses muscle protein catabolism

Decreases wound infection rates

Decreases wound healing time

Decreases mortality

Testosterone analog:

Oxandrolone

May improve catabolic response, skeletal

muscle growth, wound healing

Table 8.9 Burn classification

Burn depth Characteristics Treatment

1st degree/Superficial Painful, blanches, dermal vasculature dilation,

epidermis (sunburn), heals w/o scar, no

debridement needed,

Intact epithelial appendages

Local wound care:
● clean: warm soap, antiseptics
● Excise nonviable tissue/blisters
● topical antimicrobials
● occlusive dressing

2nd degree

Superficial dermis (papillary)—superficial

partial thickness

Deep dermis (reticular)—Deep partial

thickness

Superficial dermis (papillary): Painful, blanch,

blister. Intact epithelial appendages

Deep dermis (reticular): loss of hair follicles,

blisters, pink, white mottled

Superficial dermis: Local wound care, no excision

needed

Deep dermis: skin grafts

3rd degree

Full-thickness burns

Leathery, sub-dermal (down to subcutaneous

fat)

Skin grafts

+ /− escharotomy and fasciotomy

Early excision and wound closure (> 30% TBSA)

4th degree Down to adipose tissue, muscle, or bone

(periosteum)

Skin grafts

+ /− escharotomy and fasciotomy

Early excision and wound closure (> 30% TBSA)
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There are many subjective scar assessments, such as the

Vancouver burn scar assessment score, the clinical scar

assessment scale, and the patient and observer scar assess-

ment scale.57 The timing for scar revision is between 12 and

18 months because of the continuous collagen remodeling

that takes place.

The treatment of hypertrophic burn scars is a challenge for

both the burn survivors and burn care providers. Many solu-

tions have been proposed to address hypertrophic burn scars,

but it is difficult to predict whether a given therapy will work

for each patient. There are multiple treatment modalities that

can be offered to a patient. Nonsurgical management includes

compression dressings, silicone gel sheeting, scar massage, and

topical moisturizing agents.55,56,57 Other adjunct therapies such

as imiquimod, tacrolimus, and corticosteroids have been used

with some success.58

Silicone gel sheeting was first reported in the 1980s and is

proposed to improve skin hydration from occlusion of the sili-

cone, increase oxygen tension, and electrical charge changes

due to the silicone molecule.54 The recommended use is to wear

the garment for 12 hours a day for several months. However,

they do require frequent cleaning, are costly, and may cause

skin maceration if not removed to allow drying.54 Although the

use of silicone gel sheeting is promising, a recent Cochrane

review concluded that “trials evaluating silicone gel sheeting as

a treatment for hypertrophic and keloid scarring showed

improvements in scar thickness and scar color, but are poor

quality and highly susceptible to bias.”54

The other major nonsurgical scar therapy is the use of com-

pression dressings. In 1968, at the Shriners Hospital for Chil-

dren in Galveston, the first major work on studying and using

compression dressings (garments) was done. Their recommen-

dations were to wear the garments continuously for at least 6

months or until scars started to fade away. Multiple studies

exist on compression dressing; however, the studies have been

underpowered and are difficult to draw conclusions to state

whether compression dressing is beneficial.54

More invasive therapies for hypertrophic burn scars include

intralesional therapy and multiple surgical techniques including

laser therapies. Surgical options include excision, contracture

release, tissue rearrangements, wound closure with autografts,

tissue expanders, and pedicled- free-flap interposition.54,55,56

One of the most commonly used techniques is the Z-plasty. The

Z-plasty is used for scar contracture, scar camouflage, and to

increase the scar length. Rohrich et al described the 60° Z-

plasty that allows a 25% increase in scar length.59 A half Z-

plasty is indicated when one side of the scar is elastic and the

other side is not. This technique is useful to release scar con-

tractures at the skin interface between normal tissue and

burned tissue.57 Another technique is the W-plasty that

involves a series of consecutive triangles made on one side of

the scar with its mirror image on the other side of the scar.57

Indications for W-plasty are linear scars greater than 2 cm with

an angle greater than 35 degrees; short scars on the forehead or

cheek; closure in pretrichial areas; and closure over curved sur-

faces. This technique is not suitable for longer scars.60

Table 8.10 Wound coverage options

Product Use Pros Cons

Temporary Integra Allows early wound coverage

Minimizes granulation tissue

Limited donor sites

Unstable patients

Burns > 50% TBSA (combo w/

autograft)

Hand/Face burns

Burns with exposed tendons/bone

Decreases need for painful

dressing changes

Expensive

Can become infected under bolster/

vacuum dressing

Allografts:

Cadaver

Early wound coverage

Wound bed infection

Unstable

Scarce donor sites

Best option for bridging

and later autografting

Limited 2–4 wk; undergoes thrombosis

and rejection requiring removal

Xenografts:

porcine

Early wound coverage Good bridging and later

autografting

Decreases need for painful

dressing changes

Limited 1–2 weeks; undergoes thrombosis

and rejection requiring removal

(liquefaction)

Permanent Split thickness skin

graft (STSG): 0.013–

0.016 cm thick

Non-cosmetic areas

Small burns

More likely to survive

(thinner)

Donor sites can be used

again (lateral thighs, back,

buttocks)

Local wound care for

donor site dependent on

institution (Silvadene,

bacitracin and Xeroform,

Tegaderm, etc)

Contract (Meshing increases surface area)

Seroma/Hematoma formation (Meshing

prevents this)

Full-thickness skin

graft (FTSG):

Face, genital, hand and palm burns

(2nd week)

Better skin color match

Do not contract

Added thickness useful

Limited donor sites (behind ear, above

clavicle, groin)

Less likely to survive than STSG

Requires donor site primary closure
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The most recent development in hypertrophic burn scar

treatment has been laser therapy. Laser therapy has several

advantages over surgical and nonsurgical treatments. Laser

treatments are relatively short procedures with low risk, short

patient recovery, and have the potential to dramatically

improve the final appearance and texture of hypertrophic burn

scars.54 Laser therapies include the vascular-specific pulsed dye

laser (PDL), ablative/non-ablative fractional laser, and the

intense pulsed light. The PDL causes selective photothermolysis

and leads to capillary coagulation necrosis. This laser has been

used to reduce hyperemia and hypertrophic scar formation and

improves burn scar texture, erythema, pruritus, pain, and scar

volume.55,56 Ablative methods consist of fractionated (not

whole field) CO2 and Erbium-YAG laser treatments. The ablative

fractional CO2 laser is used to improve burn scar abnormal

texture, thickness, and stiffness. The ablative laser targets intra-

cellular water that leads to vaporization of tissue and denatura-

tion of surrounding extracellular proteins. Therefore,

microscopic columns of abnormal dermis are vaporized and as

a result stimulate collagen production and remodeling. Nona-

blative lasers induce coagulation only. Intense pulsed light devi-

ces are used for burn scar dyschromia and chronic folliculitis, as

well as refractory hyperemia. This platform works by delivering

focused, noncoherent, controlled light energy through a cou-

pling gel. It is able to coagulate vascular lesions, remove

unwanted pigment, and destroy hair follicles.56

8.6 Clinical Case Examples

8.6.1 Case 1

This 26-year-old patient sustained mostly full-thickness burns

to the head, neck, and chest, after he came into contact with

a > 10,000 volt electrical source. Following resuscitation, oral in-

tubation, and conversion to tracheostomy, he underwent

debridement of these wounds, including a partially necrotic

sternocleidomastoid muscle, leaving the internal and external

jugular veins exposed (▶ Fig. 8.3; ▶ Fig. 8.4). Carotid arterio-

gram had demonstrated no intimal injury or aneurysmal

changes. He was reconstructed with a pedicled pectoralis major

myocutaneous flap and split-thickness skin grafting. Ten

months after injury, he has closure of his trachea-cutaneous fis-

tula, stable coverage of zone 2 of the neck, and minimal tether-

ing on the left (▶ Fig. 8.5). He is currently undergoing laser

resurfacing and modulation of his hypertrophic scars to

improve his neck range of motion.

8.6.2 Case 2

This 55-year-old man sustained a partial and full-thickness

thermal blast injury from a flare gun shot at close range

(▶ Fig. 8.6). He sustained no facial fractures, but did have some

weakness of the buccal branch of the facial nerve as well as a

salivary leak from the underlying parotid gland. Following exci-

sion of the full-thickness burns, removal of a foreign body (the

casing from the flare pellet), and debridement of the superficial

lobe of the parotid gland (with confirmation of an intact Sten-

son’s duct), we performed cheek reconstruction with a pedicled

platysmal myocutaneous flap, based on the branches of the

facial artery and vein (▶ Fig. 8.7). The patient returned to clinic

only once postoperatively for drain and suture removal

(▶ Fig. 8.8). He had no evidence of parotid leak or facial nerve

dysfunction.

8.7 Postoperative Care and
Outcomes

8.7.1 Rehabilitation

Rehabilitation is critical in the postburn-injured patient to

regain maximal functional capacity. Physical and occupational

therapists provide exercises for early mobilization, range of

motion, strengthening, and conditioning. These exercises with

splinting have promoted healing in the postburn patients.

Splinting and various adaptive devices are utilized to prevent

and treat contractures, while soft tissues are remodeling. Burn-

injured patients are in a great deal of pain, and the most

comfortable position is the position of deformity. Therefore,

recommendations include placing the neck in full extension,

Fig. 8.3 Full-thickness electrical burn to neck and

chest
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arms to the sides, and legs straight with 10-degree flexion

of the knees. Repositioning the patient frequently is impor-

tant to prevent pressure ulcer formation at the sacrum, hips,

and heels. The use of air-fluidized bed has been used with

success.61

Burn injury causes physical and psychological impairment.

Burn patients have been noted to have distress, low self-esteem,

anxiety, depression, and posttraumatic stress disorder.62 Recov-

ery in burn patients often depends upon emotional, psychoso-

cial, and spiritual healing. Burn providers should consider and

address the spiritual needs of burns patients as a component of

recovery. Hultman et al found that utilization of pastoral care

appeared to be linked to the size of burn, financial charges, and

length of stay, with religious affiliation serving as a marker for

improved survival.63 Once a patient is discharged from the

hospital, the importance of implementing self-care and lifestyle

changes are crucial for successful recovery. Therefore, patient

education and access to both medical and psychological care is

critical for restoring quality of life.62

Fig. 8.4 (a-c) Debridement of neck and chest burn woulds, with coverage of using pectoralis myocutaneous flap and split skin graft.

Fig. 8.5 (a,b) S/P high voltage electrical burn to

neck and chest, with postoperative results at 10

months.

Fig. 8.6 Partial and full-thickness burns to the face from a flare gun,

shot at close range, with involvement of superficial lobe of the parotid

gland.
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8.8 Other Thermal-Type Injuries

8.8.1 Inhalation Injury

Presence of inhalation injury is known to increase mortality of

burn injury by as much as 50%, but advances in diagnostic

methods have improved outcomes, allowing for earlier identifi-

cation and more efficient treatment.61

The pathophysiology involves activation of pulmonary mac-

rophages and neutrophil migration to the lung. These inflam-

matory cells produce proteases and oxygen-free radicals, which

increase the microvascular permeability and the result is pul-

monary edema within 48 hours of injury.41,43 Respiratory fail-

ure in severely burned patients can be either direct or indirect.

Direct causes are secondary to inhalation of heat or caustic

materials in the air. Indirect causes are due to activation of the

SIRS response, sepsis, pneumonia, and ventilator-associated

lung injury.37,43

Inhalational injury is due to carbonaceous material and

smoke, not usually from direct thermal injury. Risk factors for

inhalational injury include patient and environmental factors

(▶Table 8.11).41,43 The diagnostic test of choice is flexible bron-

choscopy, where soot can be visualized. Soot is the best predic-

tor for development of adult respiratory distress syndrome and

death. The most common complication from inhalation injury

is upper airway obstruction from edema, which is exacerbated

by fluid resuscitation. Another often-concomitant complication

is carbon monoxide poisoning. Clinicians should have a high

index of suspicion and remember to check the CO levels on

arterial blood gases. Treatment of carbon monoxide is 100%

oxygen administration to accelerate the dissolution of carbon

monoxide from hemoglobin.41,43

8.8.2 Frostbite

Frostbite is a special type of burn injury that results from expo-

sure to low temperatures. The pathophysiology involved is local

tissue freezing that results in ice crystal formation in the extrac-

ellular matrix and cellular dehydration.59 Mechanical tissue

injury ensues and results in protein denaturation and inhibition

of DNA synthesis. The global effect on the cellular level leads to

endothelial damage, blood flow slowing, thrombosis, and tissue

ischemia.64,65

The first step in evaluation is a full history and physical

examination with attention to a thorough examination of

the involved limb and determination of depth of injury.64,65

Frostbite is categorized as first through fourth degrees

(▶Table 8.12).65

Fig. 8.7 (a-c) Debridement of burn wounds, including parotid gland, with harvest and insetting of platysmal myocutaneous flap.

Fig. 8.8 (a,b) S/P cheek reconstruction with

platysmal myocutaneous flap, intact facial nerve

function, no parotid fistula or gustatory sweating.
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Current management involves supportive therapy, transfer to

a high-level of care, and rapid rewarming in a circulating 40 C°

warm water for approximately thirty minutes. Debridement of

all clear blisters, to prevent or diminish thromboxane A2

release, is recommended, leaving hemorrhagic blisters intact.64,

65 Initial wound treatment involves limb elevation, avoidance of

pressure dressings, adequate pain control, Silvadene for blis-

tered areas, and antibiotics for any signs of infection. For severe

upper extremity frostbites, treatment with systemic or directed

arterial thrombolytics has been suggested with salvage rates up

to 85 to 90%.65 Amputation should be delayed for approximately

three months until final demarcation of viable and necrotic tis-

sue is completed.64,65

8.8.3 Chemical Burns

Chemical burn injuries are commonly seen in the emergency

department and practitioners should be cognizant of early and

definitive management (▶Table 8.13).66,67 Obtaining an accu-

rate history is critical as one must consider the strength of the

agent and duration of contact. Initial management includes

removal of all clothing and copious water irrigation with special

attention to the patient’s eyes and respiratory status. Evaluation

under advanced trauma life support (ATLS) guidelines is useful

for the assessment of these patients in order for concomitant

injuries not to be missed.66,67

8.8.4 Electrical Injury

Electricity is the flow of electrons through a conductor.

According to Ohm’s law, current is proportional to the volt-

age divided by the resistance. Bone, fat, and tendon have the

highest resistance, which create the most heat. Nerves,

blood, and mucous membranes have a lesser resistance. Fur-

thermore, the cross-sectional area through which the cur-

rent travels affects the resistance; the wrist, for example,

generates more heat due to its smaller cross-sectional area

than the forearm and arm. The mechanisms of electrical

injury include Joule heating and dielectric heating. Joule

heating increases the permeability of cell membranes and

induces protein denaturation, which leads to tissue dam-

age.68 Electrical injuries account for 3% of burn injuries that

occur yearly in the United States.69 Electrical injury accounts

for 5 to 7% of hospital burn admissions yearly.70

Table 8.11 Inhalational injury

Risk factors Soft signs Hard signs Reasons for

elective

intubation

Alcohol

intoxication

stridor Carbonaceous

sputum

PaO2/FiO2 < 250

Confinement

to closed space

during burn

Facial burns Soot

(bronchoscopy)

PaO2 < 60

Rapid

combustion

burns

wheezing Pa CO2 > 50 or

RR > 30

Extremes of

age

Severe upper

airway edema

Altered mental

status

Table 8.12 Frostbite classification

Degree Characteristics Physical exam

1st degree Superficial

Central white area

surrounded by

erythema

2nd degree Blisters (clear fluid)

3rd degree Severe

Deep tissue

involvement

Hemorrhagic blisters

+ /− No pulses

+ /− No capillary refill

Purple discoloration

Hemorrhagic blisters

+ findings→

Angiography

4th degree Severe

Deep tissue

involvement

Full thickness tissue

necrosis

+ /− No pulses

+ /− No capillary refill

Purple discoloration

+ findings→

Angiography

Table 8.13 Chemical burns

Chemical Pathophysiology Clinical Treatment

Hydrofluoric Acid:

Industrial workers

Household cleaning solutions

Germicides

Liquefaction necrosis Pain

White blisters with surrounding

redness

Ventricular fibrillation (low

Calcium)

Copious irrigation

Topical calcium gluconate/chloride gel

Cardiac monitor

Refractory→ IV calcium gluconate

Refractory still → excise

Acid:

Hydrochloric acid

Sulfur

Coagulation necrosis Pain Copious irrigation

Alkali:

Bleach

Liquefaction necrosis

More tissue damage than acid

burn

Pain Copious irrigation

Tar/Phenol:

Disinfectants

solvents

Skin necrosis Ventricular arrhythmias

Coma

Seizures

Copious irrigation

Topical Polyethylene glycol

Other Thermal-Type Injuries
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Electrical burns are either high voltage (> 1,000 volts) or low

voltage (< 1,000 volts). High-voltage injuries are seen in indus-

trial accidents, whereas low-voltage injuries are seen in house-

hold accidents.69 Patients with high-voltage injuries have larger

total body surface area burns, longer ICU stays, longer hospital-

izations, and higher rates of fasciotomy, amputation, nerve

decompression, and outpatient reconstruction. Patients with

high- and low-voltage injuries appear to have similar rates of

neuropsychiatric sequelae (memory loss, depression, insomnia,

and posttraumatic stress disorder) and delays in return to

work.70 Electrical injuries are devastating injuries that are pre-

dicted to increase in incidence. Prevention is the preferred

strategy for treatment with patient education on the front-

line.69

The first step in evaluation is determining the extent of

the injury. The injuries are categorized from first degree to

fourth degree (▶ Table 8.14).69 Electrical injury affects other

organ systems beyond the wound. Neurologic complications

include paralysis, Guillain-Barre syndrome, amyotrophic lat-

eral sclerosis, and transverse myelitis.69 The most common

neurological finding is peripheral weakness.69 Electrical inju-

ries affect the myocardium with ventricular fibrillation as

the most common cause of death at the scene of an electri-

cal injury.69 Electrical injuries require increased amounts of

intravenous fluids because of occult tissue damage and asso-

ciated hemoglobin and myoglobin precipitation in the renal

tubules as a result of large volume muscle loss.38 Aggressive

volume loading to increase urine output to 1 to 2 cc/kg/hr is

recommended, and mannitol can be utilized to maintain

renal perfusion. Furthermore, early fasciotomies must be

considered as the underlying tissue damage may exceed that

of the skin, resulting in compartment syndrome and ongoing

rhabdomyolysis.38,69

8.8.5 Radiation Injury

Electromagnetic radiation emits ionizing radiation that dam-

ages biological tissue. The extent and depth of injury depend on

the dosage of radiation. Local effects of radiation injury range

from mild erythema to desquamation. Obliterating endarteritis

is a common feature seen in radiation injury, which eventually

leads to necrosis. Systemically, radiation injury causes acute

radiation syndrome, which is characterized by prodromal

symptoms followed by refractory hypovolemic shock and

death.71

The initial management is similar to other types of burns,

which includes removal of contaminated clothing and copi-

ous water irrigation. A thorough history and physical exami-

nation should be ensued, followed by appropriate laboratory

studies, including the lymphocyte count. The management

of these burns is similar to other burns described in the pre-

vious sections. One caveat includes addition of hyperbaric

oxygen therapy that may enhance wound healing in the

irradiated tissue.71

8.9 Review Questions
1. What is a hard sign for smoke inhalation injury?

a) Soot.

b) Stridor.

c) Wheezing.

d) Facial burn.

2. What is the most common side effect of Mafenide?

a) Hyponatremia.

b) Hypocalcemia.

c) Thrombocytopenia.

d) Metabolic acidosis.

3. What is the most common bacterium involved in burn

wound infections?

a) S. epidermidis.

b) P. aeruginosa.

c) Herpes simplex virus.

d) C. albicans.

4. What is the crystalloid of choice for fluid resuscitation in

burn patients?

a) Hypertonic saline (3%).

b) Normal saline.

c) Lactated ringers.

d) Dextrose 5%.

5. Which cytokine increases the hypothalamic

thermoregulatory set point?

a) INF-gamma.

b) IL-8.

c) IL-4.

d) IL-1.

8.9.1 Answers

1. a. Soot.

2. d. Metabolic acidosis.

3. b. P. aeruginosa.

4. c. Lactated ringers.

5. d. IL-1.
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9 Skin Cancer
Lauren C. Nigro, Shuhao Zhang, Maryann E. Martinovic, and Andrea L. Pozez

Abstract

This chapter reviews the most common form of cancer world-

wide. Over 3.5 million new cases of skin cancer are diagnosed

each year in the United States alone, consisting primarily of

basal cell carcinoma (BCC), squamous cell carcinoma (SCC), and

malignant melanoma (MM). Despite increased awareness and

knowledge of modifiable risk factors, the incidence of cutane-

ous malignancy of all forms continues to rise. Melanoma, which

is much less common than BCC or SCC, is responsible for a dis-

proportionate number of skin cancer deaths, with projections

of nearly 10,000 anticipated deaths yearly. Plastic surgeons are

often called upon to assess and treat suspicious cutaneous

lesions or to participate in the reconstruction after their exci-

sion. To provide a firm understanding of this significant health

concern, topics discussed include surgical preparation, lymph

node evaluation, risk stratification and staging, anticoagulation,

and postoperative care.

Keywords: basal cell carcinoma (BCC), squamous cell carcinoma

(SCC), malignant melanoma (MM)

9.1 Goals and Objectives
● Understand the prevalence and predisposing factors for basal

cell carcinoma, squamous cell carcinoma, and malignant

melanoma.
● Identify and diagnose high-risk lesions.
● Familiarize with the subtypes of basal cell carcinoma,

squamous cell carcinoma, and malignant melanoma.
● Familiarize with the preoperative workup, including staging,

of cutaneous malignancies.
● Know treatment options, including the appropriate surgical

and nonsurgical treatment modalities.

9.2 Introduction
Skin cancer is the most common form of cancer worldwide.

Over 3.5 million new cases of skin cancer are diagnosed each

year in the United States alone, consisting primarily of basal cell

carcinoma (BCC), squamous cell carcinoma (SCC), and malig-

nant melanoma (MM). Despite increased awareness and knowl-

edge of modifiable risk factors, the incidence of cutaneous

malignancy of all forms continues to rise. Melanoma in particu-

lar, which is much less common than BCC or SCC, is responsible

for a disproportionate number of skin cancer deaths, with an

anticipated 9,320 deaths in 2018.1,2 Plastic surgeons are often

called upon to assess and treat suspicious cutaneous lesions or

participate in the reconstruction after their excision. Therefore,

a firm understanding of this significant healthcare burden is

necessary.

9.3 Patient Presentation

9.3.1 Basal Cell Carcinoma

As the most common skin malignancy, BCC is recognized in

approximately two million people annually with the most at

risk populations being Caucasians, males, and individuals over

age 65.3,4 Incidence in males is 1.7 times that in females.3 Risk

factors for development include chronic sun exposure, particu-

larly intermittent, intense ultraviolet (UV) light exposure, and

sunburns at any age.1 Other predisposing factors include expo-

sure to chemical carcinogens, ionizing radiation, solid organ

transplantation, predisposing skin lesions (nevus sebaceous),

and history of genetic syndromes (Bayez, Gorlin, Xeroderma

Pigmentosum).1 Clinically, patients present with BCC most com-

monly in sun-exposed areas with 86% occurring on the head

and neck.5

Both clinical and histologic features contribute to the subtyp-

ing of BCC. While over 26 types have been described, we will

focus on the most distinctive. These can be classified into two

general categories: well-circumscribed (nodular, basosqua-

mous) and diffuse (superficial, morpheaform, infiltrative,

micronodular).6 Nodular BCC is the most common, often recog-

nized as a pearly, flesh-colored papule with a raised border and

central dell. There are often arborizing telangiectasias, which

can best be appreciated on skin surface microscopy or epilumi-

nescence microscopy (dermoscopy) and ulceration (▶ Fig. 9.1a).

Basosquamous types have a squamous component and carry a

higher risk of metastasis (unlike BCC, with a metastatic rate

of < 0.1%).5 Diffuse BCC generally exhibits a more plaque-like

appearance with ill-defined margins. Superficial spreading is

the second most common type of BCC; however, the most com-

mon in younger patients.1 It often has a scale or crust with an

erythematous border that slowly expands, making it easily mis-

taken for a localized fungal infection or inflammatory reaction,

such as eczema (▶ Fig. 9.1b).6 Micronodular BCC is defined by

finely palpable nodules with nests of malignant cells that

invade the dermis, making recurrence high. Morpheaform or

sclerosing type is a firm lesion that can resemble a scar. It can

be challenging to treat as it often extends several millimeters

radially within the dermis beyond what is visually appreciated

and thus positive margins are often noted on final pathology.5

Lastly, infiltrative BCC presents with an irregular configuration

and has a very aggressive course. It should be noted that

while a majority of BCC are flesh-colored, some may exhibit

pigmentation.

9.3.2 Squamous Cell Carcinoma

SCC is the second most common skin malignancy in the United

States. Like BCC, it is most commonly found in sun-exposed

areas such as the face, hands, and forearms and is strongly cor-

related with a history of sunburns. SCC shares many of the same
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genetic and environmental risk factors as BCC. Other additional

risk factors include the human papilloma virus (HPV), chronic

inflammation, and chronic scar (i.e., Marjolin’s ulcer).

Cutaneous SCC appears as a raised, pink papule or plaque,

often scaly and at times ulcerated (▶Fig. 9.2). Approximately 80%

of SCC arise from actinic keratosis (AK), premalignant lesions

marked by erythematous, and rough scaly plaques (▶ Fig. 9.3).7

Approximately 20% of all AK transform into SCC, though less than

1% undergo malignant transformation into SCC annually.8,9 Inva-

sive SCC can also develop de novo, most commonly in those who

are immunocompromised, transplanted organ recipients, or in

areas of chronic inflammation. Although it is less common, de

novo SCC is much more aggressive, with a higher likelihood of

metastasis and worse prognosis. High-risk pathologic subtypes

include acantholytic (adenoid), adenosquamous, desmoplastic,

and metaplastic or carcinosarcomatosis subtypes.

SCC in situ, also known as Bowen’s disease, presents as an

erythematous, scaly patch. It can be found anywhere on the

body, including the mucosal surfaces. When it is found on the

mucosa of the glans penis or labia majora, it is known as eryth-

roplasia of Queyrat. Ten percent of Bowen’s disease and a signif-

icantly higher percentage of erythroplasia of Queyrat transform

into invasive SCC.

Keratoacanthoma is a rapidly growing, ulcerated nodule with

a central keratin plug that often regresses spontaneously

(▶ Fig. 9.4). It is clinically and histologically difficult to distin-

guish from SCC, though is considered a low-grade variant of

SCC.

9.3.3 Malignant Melanoma

Melanoma arises from melanocytes, the dendritic cells in the

basal layer of the skin. It is most commonly cutaneous in origin,

though it can be present on the mucosal surfaces, uveal tract of

the eye, leptomeninges, and in lymph node capsules.1 This

chapter will focus on the cutaneous form. Melanomas typically

proliferate in a radial fashion in the epidermis (melanoma in

situ, Mis) before shifting to vertical growth to the dermis and

underlying tissue layers (▶ Fig. 9.5). Downward growth suggests

invasion and carries a worse prognosis; however, depending on

the subset of melanoma, this can be a slow progression. There

are four commonly recognized clinical and histologic growth

patterns.

Superficial spreading melanoma (SSM) accounts for the

majority of melanomas (60–70%) and most often affects those

with fair skin and increased sun exposure. It presents as a

brown-to-black macule with variegate pigmentation and irreg-

ular borders, most frequently on the trunk and legs of middle-

aged men and women, respectively (▶ Fig. 9.6a). 1 Approxi-

mately half of these lesions arise from a pre-existing nevus.10

SSM extends horizontally in the superficial epidermal or papil-

lary dermal layers and proceeds slowly before a more rapid,

vertical growth phase. In many of these lesions, partial regres-

sion may occur as a result of attack by the host’s immune sys-

tem, evident as areas of hypo- or depigmentation.

Nodular melanoma (NM) is the second most common sub-

type, representing approximately 15 to 30% of melanomas.1

Unlike SSM, this lesion can develop rapidly (over months) as it

is thought to lack a horizontal growth phase.1 To the examiner,

it can appear as a blue-to-brown/black, or sometimes pink-to-

red, smooth nodule (▶ Fig. 9.6b). Alternatively, it may be ulcer-

ated or bleeding (▶ Fig. 9.6c). NM is most commonly diagnosed

in fair-skinned men in their sixth decade of life.1 It confers a

worse prognosis than SSM.

Lentigo maligna (LM), also known as a Hutchinson melanotic

freckle, is a less common, slow-growing Mis that develops in

Fig. 9.1 Basal cell carcinoma: (a) nodular type and

(b) superficial spreading type.

Fig. 9.2 Squamous cell carcinoma. Photo courtesy of Alex Ortega, MD,

Department of Dermatology, Virginia Commonwealth University.
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fair-skinned, older individuals in the seventh decade of life. It

presents as a brown-black macule, although may also be hypo-

pigmented, with asymmetric borders in areas of chronic, solar-

damage (e.g., face, arms). Approximately 5% of LM progress to

invasive growth as LM melanoma (▶ Fig. 9.6d).11

Acral lentiginous melanoma (ALM) is a genetically distinct

subtype of melanoma responsible for a small fraction of mela-

noma in Caucasians (5%), but a disproportionate amount

in African Americans (up to 70%) and Asians (45%). It arises on

the palmar and plantar aspects of the hands and feet or as a

subungual line of pigment (melanonychia, Hutchinson sign).

Given the likelihood of misdiagnosis or delay in biopsy, these

lesions are typically identified at an advanced stage.12

A variety of risk factors for developing melanoma, both host

and environment-specific, have been identified, many of which

have roles in the development of nonmelanoma skin cancer

(NMSC), as described above (▶ Table 9.1). Host factors are non-

modifiable genetic or phenotypic characteristics, such as having

CDKN2A, a high-penetrance susceptibility gene locus for familial

melanoma.13 Environmental factors, on the other hand, are

Fig. 9.3 Actinic keratosis of the (a) antihelix and

(b) posterior pinna. Photo courtesy of Alex

Ortega, MD, Department of Dermatology,

Virginia Commonwealth University.

Fig. 9.5 Melanoma in situ of the back. Photo courtesy of Alex Ortega,

MD, Department of Dermatology, Virginia Commonwealth University.

Fig. 9.4 Keratoacanthoma of the ear. Note the large, ulcerated nodule

with a central keratin plug.
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modifiable and are therefore areas of focus for prevention.

Sunscreen use, for example, has been demonstrated to decrease

the risk of cutaneous melanoma and the use of hats, non-trans-

parent clothing, and shade coverings to block UV radiation are

highly encouraged.14 Ultimately, a patient’s overall risk is dictated

by the interaction between the host and environmental factors.

9.4 Preparation for Surgery
Evaluating a patient with a concerning cutaneous lesion should

start with a thorough history and physical examination. History

gathering should include assessment for risk factors/exposures,

systemic symptoms such as weight loss and fatigue, and details

of the lesion(s) (e.g., duration the lesion has been present, rate

of growth, and prior treatment modalities). Particular vigilance

should be used in evaluating solid-organ transplant recipients

as these patients require more timely treatment.15 Paresthesias

and/or local weakness should also be assessed to rule out peri-

neural invasion. Physical examination should include a thor-

ough skin assessment, addressing the lesion’s size, defining

characteristics, depth (superficial versus deep), and evidence of

prior treatment (i.e., scarring or hypopigmentation from prior

cryotherapy). Examination should also assess the local nerve

function, lymph node basins, and mucosal surfaces. For mela-

noma detection in particular, both patients and providers are

instructed to use the simple, yet effective, ABCDE tool: asymme-

try, border irregularity, color variegation, diameter greater than

6mm, and evolution of the lesion with time.16 Other strategies

include looking for the “ugly duckling” or single striking lesion

unlike surrounding benign lesions and the “Little Red Riding

Hood” sign (erythema/inflammation around the lesion). Dermo-

scopy supplements the skin examination by detecting subtle

lesions and improving diagnostic accuracy.17 Baseline photo-

graphs are also recommended to detect new or changing lesions.

Concerning lesions should be biopsied as early detection is key

and histologic subtype and features will impact risk stratification

and ultimately treatment options. For NMSC, a shave biopsy is

most commonly performed and yields pathologic diagnosis with

minimal morbidity or disruption of existing architecture. If there

is concern for a deep lesion, a punch biopsy should be performed

with inclusion of the deep reticular dermis.18 One should be

mindful that complete excision of a lesion via biopsy, if not

intended as definitive treatment, may obscure margins of the

native lesion with scar tissue. This may ultimately lead to the

unnecessary excision of additional tissue, which can be problem-

atic in cosmetically sensitive areas. Imaging studies, such as MRI

and CT, are warranted in patients with extensive disease (e.g.

bone involvement, perineural invasion, deep soft tissue involve-

ment), with the former better defining perineural disease (55).

Fig. 9.6 Cutaneous melanoma. (a) Superficial

spreading melanoma demonstrating a brown-to-

black macule with variegate pigmentation and

irregular borders. (b) Nodular melanoma

demonstrating a blue-to-brown/black, smooth

nodule. (c) Nodular melanoma demonstrating

ulceration and bleeding. (d) Lentigo maligna

melanoma demonstrating a brown-black macule

with asymmetric borders. Photos courtesy of Alex

Ortega, MD, Department of Dermatology,

Virginia Commonwealth University; Naomi

Lawrence, MD, Department of Dermatology,

Cooper University Hospital.

Table 9.1 Risk factors for developing melanoma

Nonmodifiable host factors Modifiable environmental factors

Fair features (Fitzpatrick type I–II

skin, light eyes, light hair,

ephilides)

Intermittent, intense UVA or UVB

exposure (including PUVA)a

Numerous congenital, giant, or

atypical nevi; solar lentigines

One or more blistering sunburns

early in life or > 5 at any age

Family or personal history of

melanoma or other skin cancers

Tanning beds, sun lamps

Weakened immune system Iatrogenic immunosuppression

Advanced age Chronic sun exposure

Male gender (after age 45)

DNA repair defects (e.g.,

Xeroderma pigmentosum)

aPUVA: psoralen and ultraviolet A therapy.
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An excisional biopsy should be completed for lesions concern-

ing for melanoma using 1 to 3mm margins.1,19 Shave biopsies

in this form of malignancy should be avoided. In cosmetically

sensitive or technically challenging areas such as the face, inci-

sional or punch biopsies may be considered. All specimens

should be sent for permanent section evaluation as frozen sec-

tioning can obscure the diagnosis or depth of the lesion.20 From

the histologic examination of melanoma, it is essential to deter-

mine a lesion’s depth (in millimeters) from the most superficial

cell layer at the epidermis or ulcer to the deepest point of

tumor penetration. This concept, introduced in 1970 by

Alexander Breslow, replaced the less-accurate Clark level of

invasion and is still in use today as the most important local

prognostic factor.21,22 It is also important to determine the pres-

ence of ulceration and mitotic rate (mitoses/mm2) as these also

contribute to prognostic evaluation.23 Immunohistochemical

and molecular profiling studies can help in diagnosis, progno-

sis, and distinguishing benign from malignant melanoma.1,23,24

Preoperative assessment of patients with melanoma often

includes imaging (radiographs, CT, PET/CT, MRI, and bone scan)

to evaluate specific signs or symptoms in those with stage I or II

disease, or to establish a baseline in those with stage III/IV dis-

ease.19 A complete blood count, liver function tests, serum lactate

dehydrogenase, alkaline phosphatase, and creatinine should be

obtained for more advanced stages of disease.25 Regional lymph

node metastases are best demonstrated by ultrasound, while dis-

tant metastases are best demonstrated by PET-CT.26,27

9.4.1 Lymph Node Evaluation

As SCC metastasizes preferentially to lymph nodes, it is impor-

tant to perform a biopsy of clinically significant lymphadenop-

athy. Palpable regional nodes or abnormal nodes noted on

imaging should undergo FNA or core biopsy. Biopsy-proven

positive lymph nodes require appropriate complete lymphade-

nectomy or radiation therapy. There has been interest in per-

forming sentinel lymph node biopsy (SLNB) to detect

subclinical nodal metastasis and assist in staging for high-risk

lesions; however, no large randomized control studies have

been carried out to demonstrate clinical benefit; therefore, rou-

tine SLNB is not currently recommended.28,29

In patients with cutaneous melanoma, nodal status is a strong

prognostic factor for recurrence and survival.25,30 Although elective

lymph node dissection was once recommended for all patients

with intermediate to high-risk tumors, the current standard of care

for evaluation of a lymph node basin to detect subclinical nodal

metastases is an SLNB by lymphoscintigraphy followed by intra-

operative injection of a blue dye. When used together, lympho-

scintigraphy and the blue dye method can detect up to 95% of

positive nodes.31,32 Given the likelihood of nodal involvement

despite clinically negative basins or negative radiographs, SLNB

should be considered for those with Breslow depth<0.8mm with

ulceration or depth 0.8-1.0mm without ulceration. It is also is rec-

ommended for those with tumors greater than 1mm thick, lym-

phovascular invasion, younger than 40 years, significant vertical

growth phase, increased mitotic rate, or larger than 4.00mm

tumors.19,23,33,34 Wide local excision plus SLNB has improved dis-

ease-free survival and decreased regional recurrence in particular

patient populations.35,36 The role of SLNB in head and neck mela-

noma is more controversial as this region has a complex drainage

pattern and therefore may be more prone to complication. Numer-

ous studies demonstrate improved disease-free and distant meta-

stases survival, reduced lymph node metastases, and better overall

survival in head and neck melanoma.37,38,39,40 Ultimately, given an

overall lack of consensus in recommendations, the decision for

SLNB should be up to the individual patient and clinician.

For patients with melanoma, a positive SLNB, in which microme-

tastases are identified, currently warrants a complete regional

lymph node dissection (CLND).19 CLND is also recommended in

patients with stage III disease, detectable lymph nodes by clinical

examination or imaging, or for those with positive fine needle aspi-

ration results.19,25,36 A critical appraisal of the multicenter selective

lymphadenectomy trial-I by Sladden et al and several other studies

question the all-together utility of SLNB and/or CLND, particularly in

thin melanomas, given the possible morbidities.19,36,41,42 Lymphe-

dema can result in 3 to 7% of those status post SLNB and 30 to 60%

of those status post CLND.1 The concern that SLNB can increase the

risk of in-transit metastasis has been refuted.34,36

9.4.2 Risk Stratification and Staging

The American Joint Committee on Cancer (AJCC) established

guidelines categorizing BCC into low and high risk based on clin-

ical and pathologic findings and their subsequent propensity for

recurrence (▶Table 9.2).43Low-risk lesions are often well-defined,

nodular, or superficial BCC with no perineural involvement and

measure less than 2cm on the trunk/extremities, 6mm on the

Table 9.2 BCC and SCC risk stratification and risk of recurrence

Lesion characteristics Low risk High risk

Locationa

● “Mask” areas of face, chin, mandible, temple, ear,

pre/postauricular, hands, feet, genitalia

All lesions in this area are considered high risk, however

one must account for significant anatomic/functional

considerations. Consider Mohs for lesions > 6mm.

● Cheeks, forehead, scalp, neck, pretibia < 10mm ≥ 10mm

● Trunk, extremities (except hands, feet, and pretibia) < 20mm ≥ 20mm

Borders Well-defined Poorly defined

Primary vs. recurrent Primary Recurrent

Immunosuppression No Yes

Site of prior radiation therapy/chronic inflammation No Yes

Histopathology subtype (BCC only) Nodular, superficial Aggressive growth patternb

Perineural involvement or neurologic symptoms No Yes

aLesions may be high risk independent of size, based on location alone.
bMorpheaform, sclerosing, mixed infiltrative, or micronodular features.

Adapted from Edge, Stephen B, Byrd DR, Compton C, et al. AJCC cancer staging manual. 7th ed. New York: Springer; 2010. (55)
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“mask” areas of the face, and 1cm on the remainder of the head

and neck. In contrast, high-risk lesions are often morpheaform or

infiltrative with poorly defined margins and perineural involve-

ment. These lesions are often much larger in size.

In addition to the factors listed in Table 9.2, SCC lesions that

are well or moderately differentiated, less than or equal to

6mm in depth, and lack lymphatic or vascular involvement, are

considered "low risk" for local recurrence of metastasis. High

risk lesions are poorly differentiated, greater than 6mm in

depth, may involve lymphatics or vascular structures, and are

over 2mm thick. The AJCC introduced a TNM staging system for

SCC to provide better prognostic outcomes (▶ Table 9.3).43,44

The 7th edition was revised to focus on head and neck SCC in

the 8th edition. These high-risk features not only influence

staging, but also surgical treatment.

In 2001, the AJCC released a TNM-based melanoma staging

system that was subsequently revised in 2009 to include ulcer-

ation, mitotic rate (mitoses per mm2), and updated tumor

thickness strata, with stages 1 and 2 representing localized dis-

ease, stage 3 representing regional disease, and stage 4 repre-

senting distant metastatic disease (▶ Table 9.4).23,43,45 Staging

systems will continue to evolve with the production of more

evidence-based medicine in this field.

Predictions regarding prognosis for patients with melanoma

are made using Breslow thickness, ulceration, mitotic rate, and

nodal status.46 A predictive, electronic tool was recently created

that also includes other prognostic factors such as age, gender,

and location of the primary lesion: http://www.melanomaprog-

nosis.org.47 Future prognosis will perhaps be predicted from

molecular profiling and genetic information.24

9.4.3 Anticoagulation

In our experience, many patients with cutaneous malignancies

are also actively taking anticoagulation medication, whether

low-dose daily aspirin as cardiac prophylaxis, long-term

anti-platelet therapy after vascular stent placement, or lifelong

anticoagulation for arrhythmias or other chronic vascular con-

ditions. Studies have shown that the risk of a severe bleeding

complication (as defined by hematoma, flap/graft failure, bleed-

ing requiring a procedure or wound necrosis/dehiscence) fol-

lowing cutaneous surgery is generally less than 1% when

performed without anticoagulation.48,49 This risk increases to

6% in patients taking warfarin within the therapeutic range.

Although there is a trend toward increased bleeding risk in

patients taking aspirin or nonsteroidal anti-inflammatory drugs

(NSAIDs), this is not statistically significant.50 It is generally con-

sidered safe to proceed with low-risk surgery in patients taking

only aspirin or NSAIDs, though many practicing surgeons will

temporarily hold those medications if it is medically safe. Ulti-

mately, it is important to consult with the prescribing physician

regarding the timing and plausibility of cessation of anticoagu-

lants to minimize unwanted bleeding complications while pre-

venting thrombotic events.

9.5 Treatment
With all forms of cutaneous malignancy, the goal of therapy

should be to eliminate malignancy while preserving anatomic

form and function. There are numerous modalities that may be

employed to treat NMSC. Selection of the optimal treatment

depends on the risk for recurrence, patient age, number of

lesions, anatomic location of lesion, and prior therapies utilized.5

Superficial BCC may be responsive to topical agents such as

5-fluorouracil (5-FU), Imiquimod, or photodynamic therapy,

and cryotherapy. Such superifical therapies are also often

"reserved" for those who cannot undergo surgery or radiation.

5-FU (commercially available as Efudex, Fluoroplex, and Carac)

is an antineoplastic pyrimidine analog.51 It is typically applied

once or twice daily for 4 to 6 weeks depending on the formula-

tion. For superficial BCC, studies have shown clearance rates

greater than 90%, however this method remains lower than

Table 9.3 Staging of cutaneous squamous cell carcinoma

T Classification Tumor size

Tis Carcinoma in situ

T1 Tumors < 2 cm in greatest dimension

T2 Tumors≥ 2 cm<4 cm in greatest dimension

T3 Tumor with minor bone erosion, perineural

invasion, or deep invasion (> 6mm or beyond

subcutaneous fat)

T4 Tumor with invasion of a) gross cortical bone or

marrow; b) skull base

N classification* Nodal metastatic burden

N0 No regional lymph node metastasis

N1 Metastasis in single ipsilateral lymph node,

≤ 3 cm in greatest dimension, no extranodal

extension (ENE)

N2a Metastasis in single ipsilateral lymph node,

> 3 cm but≤ 6 cm in greatest dimension, no ENE

N2b Metastasis in multiple ipsilateral lymph nodes,

≤ 6 cm in greatest dimension, no ENE

N2c Metastasis in bilateral or contralateral lymph

nodes, ≤ 6 cm in greatest dimension, no ENE

N3 Metastasis in lymph node, > 6 cm in greatest

dimension, a) no ENE; b) + ENE

M classification Site

M0 No distant metastasis

M1 Distant metastasis present

*Clinical staging, not pathological. Extranodal extension (ENE) status is

the primary difference.

Anatomic stage/Prognostic groups

Stage 0 Tis N0 M0

Stage I T1 N0 N0

Stage II T2 N0 M0

Stage III T3 N0 M0

T1 N1 M0

T2 N1 M0

T3 N1 M0

Stage IV T1 N2 M0

T2 N2 M0

T3 N2 M0

T Any N3 M0

T4 N Any M0

T Any N Any M1

Adapted from Edge, Stephen B, Byrd DR, Compton C et al. AJCC cancer

staging manual. 7th ed. New York: Springer; 2010. Updated based on

NCCN Guidelines and AJCC 2017 8th edition updates.
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surgery.51 It causes an inflammatory response, including as

erythema, erosion, and crusting, which may limit patient com-

pliance. Imiquimod (commercially available as Aldara) is a toll-

like receptor agonist that up-regulates a cytokine response.1

Specific dosing for Imiquimod cream is not unanimous with

studies reporting once to twice daily to thrice weekly dosing for

6 to 12 weeks. Dosage should be titrated until the skin becomes

irritated and demonstrates mild dermatitis.51 Imiquimod is

postulated to have immunologic memory and thus may con-

tinue to be effective even after cessation of use. Both of these

agents may also be helpful as a prequel to definitive therapy in

helping to elicit margins of poorly defined BCC prior to excision.

Topical therapies have limited indication in SCC. Imiquimod

and 5-FU are FDA-approved for use for AK and have shown effi-

cacy against Bowen’s disease. A few case reports document

effectiveness of Imiquimod against low-risk invasive SCC;

however, it should not be considered as a first-line option as its

efficacy is not well established.52

Liquid nitrogen freeze-thaw cycles may be considered for small,

superficial BCC. Its greatest benefit may be in the patient with

multiple lesions who does not desire a more invasive procedure.

Cryotherapy often results in hypopigmentation and postinflam-

matory scarring that can make detecting recurrence challenging.1

Electrodessication and curettage (ED&C) is another destructive

option frequently performed by dermatologists. This modality

involves curetting down to normal, firm dermis in three direc-

tions followed by electrodesiccation to denature the wound bed.

The process is repeated for up to two to three cycles. It is only

indicated for superficial NMSC lesions that do not have deep,

dermal penetration. The curetted tissue should be sent for per-

manent pathology to confirm no concerning features warranting

further excision however this method will not provide margin

assessment. Additionally, if curetting leads to exposure of subcu-

tis, traditional excision should be performed. While 97 to 98%

cure rates have been reported, this technique creates a hypopig-

mented or hypertrophic scar and potentially unsatisfactory

Table 9.4 Staging of malignant melanoma

T Classification Tumor thickness (mm) Ulceration, mitoses

T1 ≤ 1.0 a) < 0.8mm w/o ulceration

b) < 0.8mm w/ ulceration or 0.8-1mm with or without

ulceration

T2 1.01–2.0 a) w/o ulceration

b) w/ ulceration

T3 2.01–4.0 a) w/o ulceration

b) w/ ulceration

T4 > 4.0 a) w/o ulceration

b) w/ ulceration

N classification Number of metastatic nodes

Nx Cannot be assessed

N0 No regional metastases detected

N1 1 node a) micrometastasis

b) macrometastasis

N2 2–3 nodes a) micrometastasis

b) macrometastasis

N3 ≥ 4 nodes (including intralymphatic metastases)a a) micrometastasis

b) macrometastasis

M classification Site

M0 No detectable distant metastasis

M1a Metastases to skin, subcutaneous, or distant nodes M1a (0) LDH not elevated; M1a (1) LDH elevated

M1b Metastases to lung M1b (0) LDH not elevated; M1b (1) LDH elevated

M1c & M1d Metastases to other visceral sites, any distant site, elevated serum LDH

aIntralymphatic metastases includes in transit or satellite metastases.

Anatomic stage/Prognostic groups

Clinical staginga

Stage 0 Tis N0 M0 Stage IIB T3b N0 M0

Stage IA T1a N0 M0 T4a N0 M0

Stage IB T1b N0 M0 Stage IIC T4b N0 M0

T2a N0 M0

Stage IIA T2b N0 M0 Stage III Any T ≥N1 M0

T3a N0 M0 Stage IV Any T Any N M1

aClinical staging is to be used after complete excision of the primary lesion with clinical assessment for regional and distant metastases. Pathologic

staging expands on nodal status, including microstaging and pathologic information about the regional lymph nodes after partial or complete

lymphadenectomy. Adapted from Edge, Stephen B, Byrd DR, Compton C et al. AJCC cancer staging manual. 7th ed. New York: Springer; 2010. Updated

with NCCN Guidelines, Cutaneous Melanoma, 2018.
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cosmetic result, particularly in hair-bearing areas.1 ED&C should

not be used to treat SCC in areas of terminal hair growth (scalp,

groin, axilla, beard) given that SCC can extend deep down the

hair follicles to a deeper depth.

Radiation therapy is indicated for NMSC when a patient’s

medical comorbidities or size/location of the lesion preclude

surgical excision. Radiation therapy can also serve as adjuvant

therapy for incompletely excised large tumors or tumors at high

risk for metastasis. The risk of recurrence is greater than that of

the other therapies mentioned.

Mohs micrographic surgery (MMS) has become an increas-

ingly popular option for management of NMSC. MMS allows tis-

sue conservation while ensuring histopathologic clearance.

Indications for MMS are tumors greater than 2 cm, recurrent

lesions, tumors with poorly defined or indistinct margins, and

those that may be in cosmetically sensitive or high-risk areas.6

Five-year recurrence rates for MMS removal of BCC have been

reported to be as low as 1%.1 MMS is contraindicated when the

tumor pathology is difficult to assess under frozen section, such

as in multifocal tumors and recurrent tumors arising from a scar.

Surgical excision with appropriate margins remains the most

effective therapy for NMSC.53 For BCC, the NCCN consortium

recommends a 4-mm margin for any lesion < 2 cm diameter.1,18

Intraoperative frozen section assessment should be performed.

However for high risk lesions, Mohs is preferred. High-risk BCC

lesions require a wider margin of excision often from 6mm in a

cosmetically sensitive area (i.e., eyelid) to 1 cm in more well-tol-

erated regions (trunk and extremities).1,54 This achieves a 98%

disease-free state over five years (55). Similarly, for low-risk

SCC, < 2 cm in diameter, 4mm margins are recommended while

for lesions > 2 cm in diameter, 6mm margins are recommended.

For high risk SCC, lesions < 1 cm diameter, 1-1.9 cm diameter,

or > or = 2 cm in diameter require 4mm, 6mm, and 9mm mar-

gins, respectively. If closure of the excised defect requires local

tissue rearrangement, skin grafting, or free tissue transfer, then

definitive clear margins should be obtained prior to reconstruc-

tive repair as these modalities may distort the location of the

residual malignancy. Routine frozen sections are not needed in

well-circumscribed, small (< 1 cm), low-risk lesions or lesions

located in noncritical areas where a wide margin can be taken

and primary closure is possible. For high-risk lesions, surgical

excision with intraoperative frozen section or MMS is recom-

mended.55 Positive margins from a standard excision should be

addressed with re-excision, MMS, or radiation therapy.

A vast majority (90%) of melanomas are diagnosed as primary

tumors without metastasis.56 Full-thickness surgical excision in

a fusiform or elliptical pattern, extending through subcutane-

ous tissue to underlying fascia, is the method of choice for

definitive diagnosis and management of these lesions.20,57

Given that melanoma cells can extend beyond the visible tumor

origin, surgical margins, measured from the edge of the lesion

or previous biopsy scar, are recommended. Previously, 5-cm

margins were advocated regardless of tumor depth or location;

however, this practice has been abandoned.30,58,59 The optimal

margin(s) remain unclear; however, numerous studies and

expert guidelines support the following60,61,62,63,64,65,66:
● Mis: 0.5-1.0 cm margin.
● Lesions ≤1mm: 1.0 cm margins.
● Lesions 1.01–2mm: 1.0–2.0 cm margins.
● Lesions ≥2mm: 2.0 cm margins.

For tumors>4mm, removal of fascia may be necessary.20

In cases of advanced disease burden (stage IV) and no or limited

metastasis, surgical intervention may provide survival benefit.67

In special circumstances, one may need to deviate from the

recommended surgical margins. For example, 3 cm margins

should be considered for desmoplastic melanoma given its high

propensity for recurrence.57 Mis, including LM, may extend

beyond visible margins and may therefore require staged exci-

sion or topical agents.61 For difficult or aesthetically sensitive

anatomic sites, such as at the face or distal extremities, an indi-

vidualized surgical approach with narrower margins may be

considered, including the use of MMS, to minimize tissue

loss.30,65,68 On the face, MMS surgery has demonstrated a simi-

lar local recurrence, distant recurrence, and overall survival to

that of wide local excision.69,70 Additionally, it can provide an

immediate examination of the surgical margin, which allows

for immediate reconstruction.71 However, MMS is not fully

advocated as immediate frozen sections may distort identifica-

tion of malignant cells.57 Full-thickness wedge excision is sug-

gested for the ear. For subungual melanoma of the fingers and

toes, amputation at the midphalanx is often required. Palmar or

plantar lesions require excision down to fascia as with other

areas of the body, while dorsal surfaces of the hand and foot

require resection down to tendon or bone. Metastatic lesions

may be excised for palliative purposes, but have also been dem-

onstrated to improve long-term survival.72

Postexcision reconstruction is dependent on the anatomical re-

gion and individual surgeon comfort. Primary closure should be

considered, if possible, and can often be achieved with undermin-

ing. Skin grafts, local flaps, and complex, regional soft tissue rear-

rangement may be warranted if tension-free primary closure is

not feasible, particularly in the head, neck, and extremities, how-

ever margin assessment is necessary before closure (▶Fig. 9.7).20

Nonsurgical treatment options, some of which take advant-

age of melanoma’s immunogenic nature, are considered in

patients who are not amenable to surgery, lesions in cosmeti-

cally sensitive areas, or who have unresectable disease (e.g., sat-

ellite or in-transit metastases, distant metastases). Options

include cytotoxic regimens and biochemotherapy (interleukin-

2, IFN-alfa), immunotherapy (monoclonal antibodies), targeted

therapy (e.g., BRAF inhibitors), isolated limb perfusion or infu-

sion, cryotherapy, laser therapy, intralesional injections, topical

agents (Imiquimod), electrochemotherapy, and radiotherapy.

While some of these modalities have activity against mela-

noma, most unfortunately have not shown a significant

improvement in survival.19,56,73,74,75,76 In the case of radiation

therapy, it may be most useful as an adjuvant treatment for pal-

liative purposes or in those with brain, soft tissue, or bony

metastases. These nonsurgical options are an area of ongoing

innovation and active research.

9.6 Postoperative Care
One should ensure that final pathology demonstrates complete

clearance of the lesion. Postoperative care is unique to the extent

of the excision and the degree of reconstruction required.

Patients may be discharged the day of surgery (primary closure,

skin grafts, local tissue rearrangement) or may require hospital

admission for closer monitoring (larger/regional flaps, free flaps).

Typically, dressings are removed postoperative day 2, and the
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wound is inspected for signs of infection, hematoma, or seroma.

Postoperative antibiotics are not routinely prescribed. Sutures

are removed in 3 to 5 days for head and neck wounds and 7 to

10 days for wounds of the trunk or extremities.

After discharge, postoperative monitoring is dictated by the

type and stage/severity of the diagnosed malignancy. For NMSC,

patients should be monitored with full skin assessment every 3

to 6 months for the first year following diagnosis and then every

6 to 12 months thereafter based on the risk to ensure no recur-

rence or new lesions concerning for malignancy. In addition to

plastic surgeons, dermatologists, surgical oncologists, and medi-

cal oncologists are often involved in the management and fol-

low-up of cutaneous malignancies. Patients with more advanced

disease are often followed in a multidisciplinary fashion.

Unfortunately, there are no collectively accepted guidelines

for melanoma follow-up.19,30 In general, patients with stage I

and IIa lesions should be followed up every 3 months for 1 year,

every 6 months for the next 5 years, and annually thereafter.

Stage IIb and greater may also need imaging (US, CT, PET/CT)

every 6 to 12 months and annual brain MRI for 5 years.27 Alter-

natively, some experts recommend dermatologic examinations

one to four times per year for 2 years, followed by visits every 6

to 12 months for life.1

9.7 Outcomes
Surgical excision of NMSC can achieve cure rates above 90%.

Patients with stage IA melanoma have 5- and 10-year survival

rates of 97 and 95%, respectively. However, these rates are

inversely proportional to stage, with stage IV patients having

only 15 and 10% 5- and 10-year survival rates.43 Unfortunately,

survival rates for melanoma have not increased at the rate

anticipated given the many new treatment options and

increased vigilance in diagnosis.

Patients with prior NMSC are at high-risk for developing further

cutaneous malignancies. The 5-year risk of developing another

NMSC is approximately 30 to 50%.77 Additionally, patients with

prior NMSC are also at increased risk for developing a melanoma.78

Melanoma has been demonstrated to recur even over a decade

after treatment; however, the vast majority recur within 5 years of

diagnosis, with an overall 4% risk of recurrence.1,57,62 Not surpris-

ingly, recurrence confers a worse prognosis.62

For NMSC, local recurrence can be treated in the same fashion

as the primary lesion. Regional recurrence should be treated by

surgical excision or radiation, whereas distant metastases may

require evaluation in a multidisciplinary tumor board or clinical

trials.4,55 For melanoma, local scar recurrence is confirmed by

biopsy. Subsequent re-excision proceeds as would that of a pri-

mary tumor. Local, satellite, or in-transit recurrence is con-

firmed by FNA or biopsy. Baseline imaging is also often needed.

Surgical excision with negative margins is recommended when

possible, with or without SLNB. For unresectable disease, hypo-

thermic limb perfusion/infusion, intralesional injections, topical

Imiquimod, laser ablation, radiation, or clinical trials may be

considered. CLND is recommended for those with regional

nodal recurrence. Adjuvant therapy includes high-dose pegy-

lated IFN-alfa and radiation. Distal recurrence is treated in the

same fashion as primary stage IV disease.19

Despite important advances and increased knowledge of

cutaneous malignancies, these devastating diseases remain a

significant health problem and warrant advocacy for preven-

tion and diligent management.

9.8 Review Questions

9.8.1 True or False

1. Particular vigilance in diagnosis is warranted in

patients with immunocompromise or a solid-organ

transplant.

2. Sentinel lymph node biopsy is recommended for all stages of

melanoma.

9.8.2 Fill in the Correct Answer

3. What are the modifiable risk factors for the development of

cutaneous malignancies?

4. What is the most common type of basal cell carcinoma? Of

malignant melanoma?

5. What are the recommended surgicalmargins for low-risk NMSC?

Fig. 9.7 T4 superficial spreading melanoma pre

(a) and post (b) surgical excision with 2 cm

margins along the temporal aspect.

Reconstruction was completed with Integra and

split-thickness skin grafting.
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9.8.3 Answers

1. True. Patients who have undergone solid-organ transplant or

who are immunocompromised are at higher risk for

developing a cutaneous malignancy than the general

population.

2. False. Sentinel lymph node biopsy is recommended for those

with tumors > 1mm thick, lymphovascular invasion, younger

than 40 years of age, significant vertical growth phase, high

mitotic rate, or larger than 4mm. SLNB should be discussed

with those with tumors < 0.8mm Breslow depth with

ulceration or 0.8-1mm depth with or without ulceration.

3. Basal cell carcinoma, squamous cell carcinoma, and

malignant melanoma share similar modifiable risk factors,

including chronic sun exposure, intense, intermittent UV

light exposure, one or more blistering sunburns early in life

or more than five at any age, chemical carcinogens, use of

tanning beds and sun lamps, ionizing radiation, and

iatrogenic immunosuppression.

4. Nodular is the most common type of BCC. It is well

circumscribed and often recognized as a pearly, flesh-

colored papule with a raised border, central dell, ulceration,

and arborizing telangiectasias, visible by dermoscopy.

Superficial spreading is the most common type of

melanoma, accounting for 60 to 70% of all melanomas. It

commonly affects those with fair skin and increased sun

exposure, appearing as a brown-to-black macule with

variegate pigmentation and irregular borders.

5. Surgical excision with appropriate margins remains the most

effective therapy for NMSC. For low-risk BCC and SCC, 4mm

and 4 to 6mm margins are recommended, respectively.
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10 Hidradenitis Suppurativa, Necrotizing Fasciitis, and Soft
Tissue Infections
J. Blair Summitt, Yee Cheng Low, and Nishant Ganesh Kumar

Abstract

This chapter examines issues germane to the disease of hidra-

denitis. The nature and presentation of the disease is

delineated, and treatments for its various stages are outlined.

The life-threatening potential of necrotizing fasciitis and soft

tissue infections is also examined, with treatment options

listed. In each case, relevant classifications systems are cited in

the text and in table format, to facilitate rapid diagnosis, which

can lead to a rapid treatment response.

Keywords: hidradenitis suppurative, necrotizing fasciitis, Hurley

classification, Sartorius’ classification, soft tissue infection

10.1 Hidradenitis Suppurativa

10.1.1 Goals and Objectives
● Understand the proper evaluation of hidradenitis

suppurativa.
● Define the disease process and different treatment

modalities.
● Understand the available reconstructive options.
● Appreciate perioperative care options to improve patient

satisfaction and quality of life.
● Understand the complications of hidradenitis suppurativa

and chronic nature of the disease.

10.2 Patient Presentation
Hidradenitis was first identified and described by Velpeau in

1839. Since that time the disease has undergone many changes

in its name. Although its diagnosis has been well established for

176 years, its pathophysiology remains elusive. In 1922, Schief-

ferdecker proposed a possible link between “acne inversa” with

obstruction of the apocrine sweat glands. In 1956, Pillsbury

published the main characteristics of hidradenitis in a dermato-

logical journal and dubbed it the “acne triad,” consisting of

hidradenitis suppurativa, perifolliculitis capitis abscendens et

suffodiens, and acne conglobata. In 1975, Plewig and Kligman

modified the “acne triad” by adding another disease into the

spectrum, namely, pilonidal sinus, making it the “acne tetrad.”

Hidradenitis is often a disease of the young, with onset gen-

erally starting in late teens to early 20 s. The disease is chronic

in nature and oftentimes characterized by a cluster of abscesses

that affect the apocrine gland bearing areas in the axilla, inner

thighs, groin, and perineum.1 The disease will usually “burn

out” with time, but most will remain active for years. Although

there is no concrete evidence, there are indications that there

could be a hereditary and/or autoimmune component to its

pathophysiology. It is more common in women, African Ameri-

cans, and those with a history of acne. Hidradenitis flares are

commonly associated with emotional stress, hormonal changes,

heat, and humidity.2,3

The typical patient is a 20-year old obese/overweight female

who presents with recurrent painful abscesses or drainage in

the axilla. The physical assessment should focus on the location,

area of involvement, and if there is an active disease. If there is

an active infection or fluctuance with expression of purulent

material, incision and drainage of the abscess may provide

symptomatic relief. The lesions usually start as inflammatory

papules that develop into pustules that drain and further prog-

ress to odiferous draining sinus tracts with eventual scarring,

fibrosis, and deformity of the area involved. When patients

present, they typically have suffered with the disease for years

and often have avoided diagnosis and treatment due to fear of

social embarrassment. At this point, complete healing is often

not possible without surgical intervention. Some patients have

remission of symptoms for months to years at a time, while

others may worsen and require multiple operations.4

Hidradenitis affects patients with a wide spectrum of clinical

severity, so reliable classification systems are in use for direct

management of the disease. The two main classification sys-

tems are the Hurley classification system and Sartorius sys-

tem.5,6 Hurley’s staging system is historically the first

classification system in place and is still in use today. Patients

are divided into three stages, which rely upon the subjective

extent of disease present (▶ Table 10.1).

The second system was proposed by Sartorius, who did not

think Hurley’s system was sufficient to capture the wide clinical

spectrum of hidradenitis. This classification system is more

complex, but allows better dynamic monitoring of the disease

severity. The Sartorius system uses a point system and disease

severity is based on four elements (▶ Table 10.2).

Table 10.1 Hurley’s classification of hidradenitis suppurativa

Stage Clinical features

I Single or multiple abscesses, without sinus tracts or

cicatrization

II Single or multiple recurrent abscesses, with tract

formation and cicatrization, widely separated lesions

III Multiple interconnected abscesses and tracts across

entire area, with diffuse or near-diffuse involvement

Table 10.2 Sartorius’ classification of hidradenitis suppurativa

Points Clinical Element

3 points per region involved Anatomic regions involved

2 points for abscess, 4 points for

fistulae, 1 point for scarring, and 1

point for others

Number and type of lesions

involved

2 points if < 5 cm, 4 points

if > 5 cm and < 10 cm, and 8 points

if > 10 cm

Distance between lesions,

especially the length between two

relevant lesions

0 points if yes and 6 points if no The presence of normal skin

between lesions
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In general, Hurley stage I can be treated nonoperatively,

whereas stage II is treated both medically and surgically, and

stage III is most often surgical. One should be aware that in the

management of hidradenitis, surgery and medical management

are not mutually exclusive and oftentimes patients will receive

a combination. The Sartorius system, however, is more dynamic

and useful in the follow up of patients with hidradenitis after

receiving different modalities of treatment. There are other

proposed classification systems that incorporate the frequency

of flare ups, quality of life, and pain scale. They are not

addressed in this chapter.

10.3 Preparation for Surgery
Diagnostic data in the preparation for surgery are the same as

that of any elective procedure and are dependent upon comor-

bid conditions, age, medications, and the standard require-

ments from the surgical center where the procedure is to be

performed. In general, patients with hidradenitis are young

adults with little or no significant comorbidities, and preopera-

tive workup is usually not extensive other than a type and

screen along with a baseline hemoglobin and hematocrit. The

most important component for the preparation of surgery is

the counseling of the patient with regards to wound healing

issues postoperatively and to match the patient’s expectations.

It is in the author’s experience that patients with hidradenitis

often have wound healing complications, and if the incision

breaks down, wound care with dressing changes is the manage-

ment option of choice. Furthermore, patients should be made

aware that a single procedure is unlikely to succeed in eradicat-

ing the disease, and they will frequently require serial excisions

and reconstructive procedures. Imaging studies are rarely nec-

essary prior to surgery.

10.4 Treatment
Medical management alone is indicated for Hurley stage I or

early stage II, and anything more severe is treated through a

multimodal approach. Initial treatment can be started by using

sitz baths and topical cleansing agents. Antibiotic use has little

proven effectiveness given that most cultures seen in hidrade-

nitis are sterile, but it continues to be in use. The most effective

regimen is a combination of rifampin and clindamycin, as

described by Gener et al, in a case series of 116 patients. Anti-

biotics can be helpful when the culture results return with bac-

terial superinfection.7

Other options are hormonal therapy, which includes oral

contraceptive pills that contain a high estrogen to progesterone

ratio, or antiandrogens, such as cyproterone acetate, which has

shown benefit in some studies and in use in Europe.8 Oral reti-

noic acids have also been used, especially to reduce inflamma-

tion prior to surgery. However, there is no strict consensus or

guidelines with regard to the duration and dosage of retinoic

acid, and the side effects from this treatment are not without

consequences.9 Finasteride has been used in some cases and

results have ranged from complete healing and remissions lasting

8–18 months. Female patients may note breast enlargement.10

Additional treatments have attempted to address the etiology

of hidradenitis as an autoimmune entity, so steroids have been

used in its treatment. Intralesional steroid injections have some

efficacy in small localized areas of disease.11 Tumor necrosis fac-

tor-alpha (TNF-alpha) inhibitors like Humira, Enbrel, and Remi-

cade have also been shown to be effective in some studies, but

are not currently approved by the Food and Drug Administra-

tion (FDA) for its use in the treatment of hidradenitis.12,13,14

Cyclosporine has also been used for the treatment of severe dis-

ease, but its use is limited by its toxicity. Surgical management

is indicated for late Hurley stage II or stage III disease

(▶ Fig. 10.1). For small, limited areas of fluctuance, incision and

drainage are usually sufficient to provide short-term relief, but

it has no influence on the progression of the disease. When

there are well-formed sinus tracts that are superficial, some

surgeons prefer to unroof or marsupialize the tracts.15 They are

usually epithelized, so this approach promotes rapid healing

with minimal scarring. However, recurrence rates are high.

Another approach for patients with advanced disease is radi-

cal resection of all apocrine gland-bearing areas. This approach

creates a large defect and will require either flap reconstruction

or split thickness skin grafting. Skin and subcutaneous tissue

are excised down to deep fascia with a 1–2 cm margin. Depend-

ing on the area excised, recurrence rates are low. Patients

Fig. 10.1 (a, b) Preoperative and postoperative views of patient with axillary hidradenitis treated with excision and primary closure (Hurley type II).
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should be counseled about the fact that radical resection only

treats the area resected and new disease may develop if any

apocrine-bearing tissue remains. Some surgeons advocate using

serial excisions to reduce the need for skin grafts.16

In general, wound healing of the axilla, breast, and inguinal

areas is better than perineal and gluteal regions. Kagan et al,

developed an algorithm for surgical resection of hidradenitis by

area of involvement.17 In this study, patients with limited dis-

ease of the axilla, breast, and inguinal region were given exci-

sion and primary closure, and those with extensive disease

were treated with excision and skin grafting or excision alone

with closure by secondary intention. Patients with limited dis-

ease in the perianal region and buttocks, however, were treated

by excision only with healing by secondary intention. Patients

with extensive perianal and gluteal involvement were treated

with excision and staged grafting.

Other treatment options include radiation therapy for recal-

citrant disease, and this has been shown to be effective in

Europe. It is less popular with radiation oncologists in the

United States because of the concern of malignancy in the radi-

ated areas. CO2 lasers and photodynamic therapy have also

been used with some studies showing success.18

10.5 Postoperative Care
Postoperative care is dependent on the type of reconstructive

method selected. For simple incision and drainage, the wound

is left open and allowed to heal by secondary intention. If there

is a large cavity, the cavity is packed and allowed to drain, gran-

ulate, and contract. Dressing changes are performed daily.

For larger resections, if a skin graft is used to reconstruct the

defect, a bolster dressing or a negative pressure vacuum-

assisted wound dressing (wound VAC) is typically placed for

compression to avoid a shear injury and allow the graft to con-

tour to an often irregular surface area. The bolster or wound

VAC is left in place for 5 to 7 days. However, it should be taken

into consideration that at times an adequate seal with a nega-

tive pressure dressing is not achievable in certain anatomical

areas, for example, the perianal area. Fecal diversion is rarely

undertaken for perianal and perineal hidradenitis.

If a local tissue arrangement or local flaps are used to recon-

struct the defect, care should be taken to obtain as tension-free

of a closure as possible. Patients should be counseled regarding

the increased incidence of wound breakdown. The wounds are

then allowed to contract, granulate, and heal secondarily versus

further attempts at soft tissue reconstruction.

There are also occasions when the resultant defect is too

large for primary closure. A staged approach must be con-

sidered (▶ Fig. 10.2). The most common location for such a

resection with soft tissue reconstruction is in the perineal

and perianal regions. Wound healing complications are

increased in this area due to its close proximity to the anus,

increased moisture, and motion. This author’s preference is

to perform daily wound care until the defect either closes

primarily or is acceptable for skin grafting or local flap

reconstruction (▶ Fig. 10.3).

10.6 Outcomes
Medical management of hidradenitis suppurativa alone is often

unsatisfactory except for the mildest form of the disease. Secon-

dary to lack of understanding of the disease process, many

treatments have been tried, but there are few randomized con-

trolled trials and results are unpredictable. Antibiotics have

been traditionally used in the treatment of the disease, and the

largest trial to date by Gener et al, as mentioned previously,

showed in his series of 116 patients treated with rifampin and

clindamycin to have improvement in their Sartorius score and

quality of life indices.7

Isoretinoids have been used in the treatment of hidradenitis,

and results from studies show limited success with the largest

trial by Soria et al, indicating improvement in only 16% and 7%

actually worsened with treatment.19 A review of hormonal

therapy by Kraft et al, showed response to antihormonal ther-

apy to be superior to antibiotics alone in a retrospective review

of 64 patients.8 Finasteride has also been used, but there is lim-

ited data on its effectiveness. Joseph et al, showed in his series

of seven patients treated with finasteride that six had improve-

ment and three of the seven had complete healing of the

lesions.10

Fig. 10.2 (a) Preoperative Hurley type III perianal and gluteal hidradenitis; (b) initial resection.
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There has been a lot of recent interest in the use of TNF-alpha

inhibitors such as infliximab in the treatment of hidradenitis.

This has been spurred by Hanauer et al’s article reporting dra-

matic improvement in a patient’s hidradenitis after receiving

infliximab for Crohn’s disease.20 Van Rappard performed a sys-

tematic review of the response of hidradenitis to TNF-alpha

inhibitors and showed that a good response was seen in 82% of

patients treated with infliximab, 76% of patients treated with

adalimumab, and 68% of patients treated with etanercept.21

Surgery remains the mainstay therapy for recurrent and

severe hidradenitis, and possibly the only option of obtaining a

cure from this debilitating disease. However, surgery is only ben-

eficial in removing the disease in the area of resection and has

little or no effect on preventing future disease in the immediate

area around the resection site. Recurrence rates also vary by re-

gion after resection. Harrison et al, showed in his case series of

82 patients that after resection, recurrence was 0% in the perianal

region, 3% in the axilla, and 37% in the inguinoperineal region.22

It is felt that a combined approach using surgery to debulk the

disease and medical management to prevent future recurrence

will offer optimal therapy for patients afflicted with the disease.

10.7 Necrotizing Fasciitis and Soft
Tissue Infections

10.7.1 Goals and Objectives
● Define the etiology, frequent causative organisms, and

diagnosis of the disease.
● Appreciate the rapid progression of the disease and need for

early and aggressive intervention.
● Understand the need for combined medical and surgical

management.
● Understand the reconstructive options.

10.8 Patient Presentation
Necrotizing fasciitis (NF) is a soft tissue infection that is rapidly

progressing and can be life-threating if not promptly identified

and treated. Soft tissue infections include infections of the der-

mis, subcutaneous tissue, superficial or deep fascia, and

muscle.23 Necrotizing soft tissue infections can be classified

depending on anatomic location, depth of infection, and micro-

bial cause.24 Anatomically, for instance, NF of the perianal, geni-

tourinary, and perineal regions is referred to as Fournier’s

gangrene.25 When considering the depth of infection, soft tis-

sue infections can be characterized as adipositis, fasciitis, or

myositis. Perhaps the most common classification is the micro-

bial nature of the infection (▶Table 10.3). Type I is the most

common and involves mixed infections with aerobic and anae-

robic bacteria, which are typically more indolent and associated

with better prognosis. Type II is often monomicrobial and

involves group A streptococcus and S. aureus and tend to be

more aggressive than Type I. Type III is found more commonly

in Asia and involves gram-negative and marine-related organ-

isms and is usually associated with seafood or contaminated

water. It includes Clostridium and Vibrio species. Finally, Type IV

is of fungal origin, usually seen in immunocompromised or

trauma patients and includes Candida spp. Like Type II, this type

is aggressive in nature, often due to the underlying comorbid-

ities of the patient.26,27,28

10.8.1 Epidemiology

Up to 70 to 80% of cases of NF are Type I followed by 20–30% of

cases that are Type II.24,27 The incidence of necrotizing soft tis-

sue infections in the United States is approximately 1,000 cases

per year, but some studies estimate the range from 500 to

1500.23,26,27 In the United Kingdom, the overall incidence is

Fig. 10.3 (a, b) At second stage, initial area of resection contracted, well granulated and ready for grafting. Additional area of hidradenitis excised.

Table 10.3 Types of soft-tissue infections and causative organisms

Soft-tissue infection type Causative organisms

Type I Polymicrobial (aerobic and anaerobic)

Type II Monomicrobial (Group A strep., S.

aureus)

Type III Gram-negative, marine related

(Clostridium, Vibrio)

Type IV Fungal (Candida spp.)
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estimated at 0.24 to 0.4 per 100,000 adults. Many risk factors

have been attributed toward NF, including age older than 50 to

60 years, diabetes mellitus, IV drug use, peripheral vascular dis-

ease, obesity, chronic renal failure, HIV, penetrating trauma,

and immunosuppression.24,26,27,29 Chen et al, reported that NF

has been seen in cases of Systemic Lupus Erythematosus (SLE),

and other rheumatic diseases such as polymyositis, dermato-

myositis, rheumatoid arthritis, and ankylosing spondylitis.30

More recently, Dinc et al, reported NF (specifically Fournier’s

gangrene) as a postoperative complication of inguinal hernia

repair.25

10.8.2 Pathophysiology and Clinical
Presentation

The pathophysiology involves a disease that spreads at rates of

up to 2 to 3 cm/hour from superficial to deep fascial layers and

causes necrosis secondary to microvascular occlusion.26,31

Depending on the causative microbe, toxins released can

increase the aggressiveness of the infection through the influx

of various pro-inflammatory and cytokine-mediated injuries.

For instance, toxins from Staph aureus and Streptococci can, via

TNF-alpha, IL-1, and IL-6, trigger a Systemic Inflammatory Res-

ponse Syndrome (SIRS) response and eventually septic shock

that can lead to patient death. There is also coagulation cascade

activation that results in tissue ischemia. Understanding the

pathophysiology is paramount to guiding management as in

the face of significant ischemia, antibiotics may not be

adequately delivered, requiring surgical intervention and

debridement in most cases.24 Recently, Kim et al, characterized

three stages in the clinical features of progressing NF. Stage 1

begins early and involves tenderness and warmth to palpation,

erythema, and swelling.32 Clinically, this picture can resemble a

cellulitis delaying diagnosis. Stage 2 involves formation of blis-

ters or bulla and skin induration. Finally, in Stage 3, hemorrha-

gic bullae, skin anesthesia secondary to dying nerves from the

spreading infection, and discoloration characteristic of gan-

grene can be seen. Hasham et al, classify the clinical findings in

NF into “early findings” that include pain, cellulitis, pyrexia,

tachycardia, swelling, induration, and skin anesthesia and “late

findings” that include severe pain, skin discoloration, blistering,

hemorrhagic bullae, crepitus, discharge of “dishwater fluid,”

severe sepsis or SIRS, and multi-organ failure (▶ Fig. 10.4).29

10.8.3 Diagnosis

Early identification of NF and prompt management will facili-

tate lower mortality rates. To this effect, the first part of diagno-

sis is taking a thorough history from the patient, including

associated traumas, medical conditions, immunological status,

recent travel, and recent infections as these can point toward

certain causative organisms. As reported by Sarani et al, some

of the signs and symptoms associated with necrotizing soft tis-

sue infections include erythema, pain, swelling, induration, bul-

lae, and fever.24 Crepitus is not always found in NF and depends

on the organism; hence, clinical judgment is important in

timely diagnosis.

To aid in diagnosis using lab values, Wong et al, developed

the laboratory risk indicator for necrotizing fasciitis score (LRI-

NEC) to help differentiate between necrotizing and non-necrot-

izing soft tissue infections (▶Table 10.4).33 Using six variables

(CRP, WBC, hemoglobin, sodium, creatinine, and glucose), each

assigned with different points depending on set values, a total

score between 0 and 13 is documented. This demonstrated pos-

itive and negative predictive values greater than 90% for scores

greater than six, which helps in confirming the diagnosis of a

necrotizing soft tissue infection.

Fig. 10.4 Skin discoloration associated with

necrotizing fasciitis from an infected Portacath.

In difficult-to-diagnose cases, imaging can be a

useful asset in confirmation. CT and MRI provide

more sensitivity and specificity than plain

radiography and show gas formation, extent of

tissue infection, and fascial swelling. CT is useful

in assessing tissue or osseous involvement, while

MRI is better for evaluation of soft tissue

infection. However, MRI is not often used due to

delays in intervention. As pointed out by Anaya et

al, imaging studies compare the involved site

with the contralateral uninvolved site and do not

necessarily help in differentiating between

necrotizing and non-necrotizing soft tissue

infection, so this must be used with caution when

interpreting the findings.
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10.9 Treatment

10.9.1 Medical Management

Source control is of essence in necrotizing soft tissue infections.

As discussed earlier, given significant ischemia to the infectious

site, medical management with antibiotics needs to be carried

out in combination with surgical intervention to debride the

area and remove the necrotizing source tissue. Combinations of

antibiotics can be tailored to organism based on culture results;

however, early intervention includes ampicillin for gram-posi-

tive and gram-negative organisms, clindamycin for anaerobic

coverage, and piperacillin-tazobactam for broad gram-negative

coverage.26 In order to cover gram-positive organisms, vanco-

mycin, linezolid, and daptomycin are recommended due to con-

cern for Methicillin Resistant Staph Aureus (MRSA).24,26 Type 3

infections can be managed with clindamycin and penicillin in

the case of Clostridium species and tetracyclines in the case of

Vibrio infections, while for Type 4 infections, amphotericin B

can be used.26,27

Other interventions needed to stabilize the patient include

standard care with supportive fluids and continuous monitor-

ing. Studies have also looked into interventions including IV

immunoglobulin and hyperbaric oxygen; however, the efficacy

of these strategies is unclear given limited number of studies

and patient trials.23,24,27,34

10.9.2 Surgical Management

Surgical debridement is the mainstay treatment for NF

(▶ Fig. 10.5). Intervention is time sensitive as delays beyond 12

hours in fulminant forms can be fatal, and thus early surgical

consultation is necessary in the management of these

patients.26,34 In fact, Wong et al, found the relative risk of death

to be more than 9 times greater when primary surgery was

delayed by more than 24 hours.35 Similarly, Mok et al, found the

mortality relative risk after poor primary debridement to be

greater than 7 times.36 Procedures involving debridement need

to be balanced with maintaining patient stability, and after the

first debridement, may need to be repeated in the next 24 and

48 hours depending on the course of the infection and can

sometimes involve 2 to 4 debridements.24,27,28 Sarani et al, rec-

ommend that boundaries of excision be as wide as the rim of

cellulitis and be composed of healthy, bleeding tissue. They also

note that the boundaries of excision can expand intraopera-

tively due to poor boundaries appreciated on external physical

exam.24 Importance must be given to using strategic skin inci-

sions while performing debridement so as to create flaps during

the procedure that can facilitate aesthetic and functional clo-

sure and maintain coverage of critical structures.

Wound management after debridement involves leaving the

wound open, treating with wet to dry dressings as well as vac-

uum-assisted closure dressing.24,27,29 This author prefers dress-

ings soaked with a 2.5 to 5% Sulfamylon solution. Use negative

pressure vacuum-assisted dressing only after multiple debride-

ments and establishment of a clean wound. As aforementioned,

it is important to continue appropriate medical management

not only before and during, but also after surgical intervention

in order to address hemodynamic, nutritional, and immunolog-

ical needs of the patient. Amputation may be a necessary inter-

vention in some cases depending on the course of the infection

and the amount of tissue that can be salvaged.27,29

On completion of the debridement process and once the

patient has been stabilized, soft tissue reconstruction can be

Table 10.4 LRINEC scoring system for soft tissue infections

Variable (units) Value LRINEC Score

WBC count, cells/mm3 < 15

15–25

> 25

0

1

2

CRP, mg/L < 150

≥ 150

0

4

Hemoglobin, g/dL > 13.5

11–13.5

< 11

0

1

2

Sodium, mmol/L ≥ 135

< 135

0

2

Creatinine, mg/dL ≤ 1.6

> 1.6

0

2

Glucose, mg/dL ≤ 180

> 180

0

1

Fig. 10.5 (a, b) Initial resection of necrotizing fasciitis of the chest wall, breast, and upper arm.
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undertaken. It is important to adhere to the reconstructive lad-

der in these cases. Edlich et al, state that skin grafts (▶ Fig. 10.6)

and flaps can provide sufficient coverage for body surface areas

that are less than 25% of the total, and that when there is lim-

ited donor-site availability, dermal substitutes need to be con-

sidered.34 Similarly, Sarani et al, state that full-thickness,

rotational, or free flaps can help with adequate coverage after

debridement.24

10.10 Outcomes
Nectrotizing fasciitis is a severe condition with significant mor-

bidity and potentially high mortality. Overall healing and hospi-

tal course are dependent on the extent and region of the

disease as well as the overall condition of the patients. Typically,

these patients are hospitalized for weeks rather than days and

required multiple operations and appropriate wound care and

rehabilitation. It is essential to keep in mind the risk factors and

patient comorbidities in early diagnosis and identification of NF

as delayed diagnosis leads to greater risk of mortality. The rate

of mortality directly from NF is difficult to assess as most

patients have other medical comorbidities; however, rates

range from 14% to 56% to as high as 70% to 80% despite treat-

ment, and reach close to 100% without treatment.23,26,27,31,37,38

10.11 Review Questions

10.11.1 True or False

1. Early and aggressive management of necrotizing fasciitis is

imperative to reduce mortality.

2. There is no role for unroofing or marsupialization of the

sinus tracts in hidradenitis.

3. The pathophysiology of hidradenitis is well established and

recurrence is rare.

10.11.2 Choose the Best Answer

4. The most common type of necrotizing fasciitis involves

a) Fungal infections.

b) Mixed aerobic and anaerobic organisms.

c) Monomicrobial.

d) Typically gram-negative and marine-related organisms.

5. Which of the following have been used in the treatment of

hidradenitis?

a) CO2 lasers and photodynamic therapy.

b) Isoretinoids.

c) Finasteride.

d) TNF-alpha inhibitors.

e) All of the above.

10.11.3 Answers

1. True.

2. False.

3. False.

4. b. Mixed aerobic and anaerobic organisms.

5. e. All of the above.
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11 Pressure Ulcers
Noah H. Prince, Rachel Cohen-Shohet, and Bruce A. Mast

Abstract

Pressure ulcers are a major concern in patient care. Left

untreated, pressure ulcers can turn into pressure wounds that

not only prolong healing, but additionally threaten the health

and well being of the patient. Because of this, it is imperative

that ulcers be promptly and properly treated. The authors take

the reader through presurgical preparation and the operative

interventions of debridement and reconstruction (often, flap

reconstruction), to the postoperative care treatments that pro-

mote a good outcome.

Keywords: Norton scale, Braden scale, National Pressure Ulcer

Advisory Panel Staging System, debridement, reconstruction,

vacuum-assisted closure (VAC)

11.1 Goals and Objectives
● Understand the risk factors for pressure ulcers and be able to

describe how they contribute to the formation of pressure

wounds.
● Appreciate the multimodality approach for treatment and

prevention of pressure ulcers.
● Be able to assess patients and optimize ancillary treatments

prior to surgical intervention.
● Know surgical treatment options in the setting of sacral,

ischial, and trochanteric pressure ulcers.
● Be able to counsel patients on postoperative treatment goals

and outcomes of intervention.

11.2 Patient Presentation
A growing number of patients are presenting with pressure

ulcers. Studies from Europe calculate the incidence in hospital-

ized patients to be 3% to more than 30%.1 The cost of pressure

ulcer treatment is estimated to be 11 billion dollars per year in

the United States and utilizes 4% of the National Health Service’s

budget in the United Kingdom annually (1.4–2.1 billion U.S.

dollars).2

Pressure ulcers occur in patients with impaired mobility in

association with multiple risk factors. A lack of pressure relief

techniques and devices places areas over bony prominences at

risk (▶ Fig. 11.1, ▶ Fig. 11.2, ▶ Fig. 11.3, ▶ Fig. 11.4)2: A lack of

pressure relief techniques and devices place the heels at risk in

bedridden and supine patients (▶ Fig. 11.3; ▶ Fig. 11.4).

More worrisome is the resulting cone-shaped distribution of

injury, with deeper tissues closest to the bone suffering the

greatest damage. In these wounds, small-appearing superficial

ulcers can have more severe injuries deep to the surface with an

area of soft-tissue necrosis much greater than skin necrosis.3,4,5

Although excess or localized pressure remains the center of

this problem, other contributing factors should not be ignored.

These include shearing forces, which may worsen superficial

damage, moisture (usually from bladder or bowel incontinence),

which may hasten skin breakdown, and friction (usually from

patient transfers), which may tear skin. Other factors that con-

tribute to poor wound healing similarly affect pressure ulcers.

Considerations such as poor nutrition, underlying infection,

chronic edema, and peripheral vasculature disease can increase

the time or resources necessary for wound healing.6,7

Fig. 11.1 Sacral, ischial, and trochanteric

pressure wounds are frequently seen over bony

prominences in bedridden patients.
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Several recent studies have outlined risk factors such as eld-

erly age, male gender, long-term admission, history of ulcers,

diabetes, and falls. Bedbound status, poor nutrition, and a prior

stroke also contribute in addition to lymphopenia, dry sacral

skin, low weight, high illness severity scores, and residents of

nursing homes. In these patients, it is crucial to balance preven-

tion efforts with the level of risk.8,9,10,11,12,13

Both the Norton scale and Braden scale can be used with 70

to 90% sensitivity to identify those patients at risk for pressure

ulcer formation14,15 The Norton scale uses mental and physical

condition, activity level, mobility, and incontinence factors in its

formula, while the Braden scale focuses on sensory perception,

moisture level, activity, mobility, nutritional status, friction, and

shear force.15,16 However, evidence supports that good clinical

judgment can be equally as effective as a risk predictor.17,18

The diagnosis of pressure ulcers is largely clinical, with early

recognition of pressure ulcers allowing for early treatment.

Grading of pressure ulcers follows the National Pressure Ulcer

Advisory Panel Staging System. The original staging system

developed by Shea in 1975 was revised in 2007 by the National

Pressure Ulcer Advisory Panel. The panel stages pressure ulcers

by six categories: stages I, II, III, IV, unstageable, and suspected

deep tissue injury as described in ▶ Table 11.1.19

Lastly, many patients will present with acute or chronic soft-

tissue infection, colonization, or underlying osteomyelitis. In

these patients, infection control is paramount to reconstructive

interventions.

11.3 Preparation for Surgery
Prior to surgical intervention, it is essential to have an in-depth

discussion with the patient regarding postoperative expecta-

tions and outcomes. Traditionally, flaps for pressure wounds

necessitate prolonged bed-bound status, maintenance of nutri-

tional intake, and other aspects of wound care which may

require significant patient cooperation. Given the limited number

of wound coverage options, it is imperative to optimize chances

for flap success. This frequently requires a fully informed and

well-prepared patient prior to surgical intervention.

Before reconstruction can take place, the site must be free of

infectious nidus. This typically involves soft-tissue debridement

with potential extension to bone. Flap viability is severely

Fig. 11.2 A lack of pressure relief techniques and

devices place the heels at risk in bedridden and

supine patients.

Fig. 11.3 Heel ulceration can result, as seen in this patient with

calcaneal erosion.
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compromised in the setting of high bacterial growth.20 In that

respect, deep wound cultures should be taken to tailor antibiotic

therapy. In the setting of suspected osteomyelitis, magnetic reso-

nance imaging (MRI) and bone biopsy may be used for diagnosis

and further tailoring of a prolonged antibiotic course. If underly-

ing osteomyelitis is not treated, flap failure may result.

In addition to control of local infection, optimization of nutri-

tion is crucial to promote normal wound healing. Adequate

sources of protein (1.5–3g/kg/day) and nonprotein calories

(25–35 cal/kg/day), as well as vitamins and minerals, should be

obtained.21 Nutritional markers such as albumin and prealbu-

min may be warranted to trend progress, which should be bal-

anced with timing of optimal wound reconstruction.

Diabetes plays an important role in wound healing; hemoglo-

bin A1c greater than 6has been associated with wound dehis-

cence and recurrence.22 Additional factors such as smoking

cessation and cardiac risk mitigation should also be discussed

with the patient.

Preoperative planning for moisture control should also be

considered. Fecal incontinence introduces high moisture, bacte-

rial load, and shearing forces during routine cleaning. While

this can sometimes be controlled with local hygiene, fecal

diversion via colostomy may be necessary. If urinary inconti-

nence is an issue, then bladder catheterization may be indicated

as well.

Generally, it is believed that enzymatic debridement with the

use of products such as collagenase, papain, or urea can be used

for devitalized tissue in stage I and II pressure ulcers. Many

chemical solutions have been used including Dakin’s solution,

hydrogen peroxide, and iodine to assist with mechanical

debridement of devitalized tissue, but should otherwise be used

with caution.20 These agents are effective in controlling bacte-

rial load, but also may be detrimental to human cells needed for

healing. Mechanical and surgical debridement is generally

recommended for decubitus ulcers stage III or higher.

Despite all operative and ancillary care, surgical reconstruc-

tion is of little benefit without plans for future prevention, most

importantly pressure relief. In the immediate postoperative

period, flap healing is compromised in the setting of ischemic

tissue promoted by high pressures; so, plans for support serv-

ices, mattresses, and cushions must be arranged preoperatively

(▶ Fig. 11.5; ▶ Fig. 11.6; ▶ Fig. 11.7).

Furthermore, without sufficient health literacy and social

support, many patients are unable to continue to provide them-

selves with these environments, resulting in development of

new pressure wounds. In that sense, coordinated efforts should

be made to provide continued assessment, education, and care

for these patients.

11.4 Treatment

11.4.1 Indications for Surgical
Intervention

The decision to proceed with surgical intervention for pressure

ulcers varies with the specific circumstances of the patient and

the surgical team involved. It is important that the patient be

optimized from a medical standpoint, as discussed previously.

Control of infection with appropriate antibiotics and tissue

debridement and optimization of nutrition are necessary.23,24 .

Generally, a serum prealbumin of greater than 15mg/dL is con-

sidered within the normal range and would represent suitabil-

ity for surgical intervention. Likewise, factors that created the

pressure ulcer should be resolved: ischial pressure ulcers are

often formed in the seated position, being caused commonly in

the wheelchair bound patient. Patients can often identify a

change in brand of cushion, wheelchair, or device that caused

the formation of the ulcer. It is important to correct these

Fig. 11.4 (a) Isolated pressure relief of the heel.

(b) Heel protection provided by gel pad.

Table 11.1 Staging of pressure wounds by National Pressure Ulcer

Advisory Panel guidelines.

Stage I Nonblanchable erythema. The skin over bony

prominences may appear different from surrounding

skin: painful, warm, cool, soft, or firm

Stage II Partial-thickness loss of dermis, presenting as an ulcer

with a shallow wound bed. Likewise it may appear as a

blister, either opened or closed

Stage III Full-thickness skin loss. The depth of the wound may

vary with anatomic location, but there is full loss of

dermis. In some cases, subcutaneous fat may be

visible. Bone, tendon, or muscle are not be visible

Stage IV Full-thickness loss with exposed tendon, muscle, and/

or bone. Due to exposed structures, the risk for

osteomyelitis is higher in stage IV ulcers

Unstageable/

unclassified

Full-thickness skin or tissue loss in which the actual or

true depth of the ulcer is unknown due to slough or

eschar. In order to stage the wound properly, slough

or eschar must be removed

Suspected

deep tissue

injury

Discolored area—usually purple or maroon, which is

defined by either discolored intact skin or blood-filled

blister from pressure or shearing forces. These

wounds may evolve into a true pressure ulcer

Adapted from Black J, Baharestani MM, Cuddigan J, et al; National

Pressure Ulcer Advisory Panel. National Pressure Ulcer Advisory Panel’s

updated pressure ulcer staging system. Adv Skin Wound Care 2007;20

(5):269–274
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Fig. 11.5 (a, b) Pressure-relieving chair cushions

are an important part of prevention and

treatment of pressure wounds.

Fig. 11.6 Cushioned mattresses may be helpful

to minimize pressure over bony prominences.

Fig. 11.7 Bedridden patients may benefit from

air-fluidized or low air loss beds which more

evenly distribute weight and pressure.
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factors as to not cause breakdown postoperatively. Lastly, social

hurdles that may prevent the patient from succeeding in flap

surgery must be identified. Lack of resources for special equip-

ment including beds and wheelchairs, as well as lack of social

support for long-term care, can hinder the patient’s recovery

and overall success postoperatively.20 Due to the magnitude of

the surgery, the resources required, and the high risk of recur-

rence, a patient should have been medically optimized and have

failed all conservative nonsurgical treatments prior to proceed-

ing into surgical reconstruction. In addition, they should

understand the long-term recovery associated with flap recon-

struction, need for life-long compliance, and have resources in

place prior to proceeding with reconstructive or flap surgery.

11.4.2 Operative Interventions

Surgical intervention can be largely divided into debridement

and reconstruction. In most cases, both are required for a suc-

cessful outcome.

11.5 Debridement
Operative debridement of pressure sores has several key goals.

First and foremost begins with removal of necrotic, dead areas

as well as chronic scar. This will enable better wound care,

including use of enzymatic debridement application, as well as

placement of vacuum-assisted closure (VAC) therapy. Second,

debridement should remove or control soft tissue and bony

infection. Removal of all infected tissues improves chances of

success by minimizing bacterial load and biofilms within the

wound bed, as these will both impede wound healing and

potentiate failure of flap reconstruction. It is recommended that

tissue be sent for pathology and culture as to help narrow anti-

biotic choice postoperatively. Removal of necrotic bone reduces

bacterial burden, while also eliminating the bony prominence

that was the causative pressure point. Debridement should be

performed until healthy bleeding tissue is present in the wound

bed. Likewise means of controlling the significant bleeding

which is present in chronic wounds, such as sutures and

electrocautery, should be readily available. Debridement of

small pressure sores is possible at bedside in insensate tissue.

However, debridement should ideally be performed in the

operating room for large wounds with extensive tissue necrosis,

tunneling, and tracking.

11.6 Reconstruction
Although for early stage I and II pressure wounds, debridement

may be all that is required for wound healing, deeper stage III

and IV wounds will often require surgical closure. Flaps, both

myocutaneous and fasciocutaneous, offer volume and blood

supply to cover large ulcers. General consensus is that there is

no difference in outcomes between closure with fasciocutane-

ous or myocutaneous flaps; therefore, flap choice can largely be

based on the location and size of the wound.25 Classic pressure

wounds include sacral, ischial, and trochanteric, and there are a

wide variety of flap options for each. For all, gluteal-based flaps

may be used, as they can be advanced superiorly or inferiorly.

For trochanteric flaps, the tensor fascia lata flap, which derives

its blood supply from the lateral femoral circumflex artery, is

usually the first choice. For ischial pressure ulcers, several dif-

ferent posterior thigh flaps may be utilized, which may include

the posterior hamstring muscles.

The V-Y advancement flap is a valuable technique often uti-

lized in closure. ▶ Fig. 11.8 and ▶ Fig. 11.9 show an example of

an ischial pressure wound and a segmental perforator flap for

coverage (▶ Table 11.2). This is performed by making a V inci-

sion, followed by advancement of the tissue between the V into

the wound site. The resultant donor-site defect from the apex of

the original V is then closed linearly such that all scars cumula-

tively form a Y. This may be used for many pressure sores with

closure using the fasciocutaneous components, and not only

limited to the pelvic region, but across the body.

No matter what the choice in flap, there are several key prin-

ciples to be identified. First, suture lines should be avoided over

pressure points, to prevent breakdown of closure. Second, one

should give thought to the ambulatory status of patient in

choice of flap. For instance, a gluteal muscle flap may not be

Fig. 11.8 Left sided ischial pressure ulcer,

markings for laterally based perforator flap.
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desirable in a patient who walks. Third, all dead space should

be obliterated with vascularized tissue. Drains are necessary

within the obliterated dead space as well. Finally, flap recon-

struction of pressure sores should include careful planning as to

preserve other reconstruction options in the likelihood of

future pressure sore formation.

11.7 Postoperative Care
Postoperative care for a patient who has undergone either a

debridement of a pressure wound and/or a reconstruction

begins with avoidance of pressure on all operative sites. This is

first achieved with good nursing care, including turning to off-

load pressure every 2 hours. Pressure is avoided on operative

sites for 4 to 6 weeks.27 This is often accomplished with the use

of specialty air flow beds that provide particularly low pressure

to the contact points, as described previously.

After postoperative pressure relief is no longer necessary, a

gradual weight/pressure bearing regimen is begun. For

instance, progressive sitting is allowed for a patient who has

been treated for an ischial ulcer. Pressure on the ischium is

introduced gradually to assure stability of healing and avoid tis-

sue damage, as well as providing progressive tissue tolerance to

the pressure. The authors generally begin by allowing patients

to sit for 30minutes twice daily for 3 days. If the surgical/healed

site remains intact without any ulcerations or evidence of shear

or pressure injury, this is increased to 30minutes three times

daily for 3 days. This sort of sitting program has been utilized

previously and has been shown effective in postoperative

management.27 Progression is thereby continued until full ad

lib sitting with proper interval off-loading and pressure relief.

Venous thromboembolism prophylaxis should be considered

in all postoperative patients in the immediate postoperative

period including mechanical (such as sequential compression

devices) and chemoprophylaxis. Long-term anticoagulation

should be assessed individually for each patient.

Long-term antibiotics are usually not required for recon-

structed stage II and III ulcers, involving soft tissue only. In stage

IV ulcers, bone involvement is frequent. If osteomyelitis is docu-

mented by bone culture, long-term antibiotics will be necessary

in combination with excision and flap reconstruction. Antibi-

otic therapy is best directed by an infectious disease specialist

and narrowed to reflect intraoperative cultures.

Long-term care should not be taken lightly in these patients.

When patients are ready to be discharged, they will likely need

continued rehabilitation in a long-term care facility so that they

may continue to receive antibiotics, physical therapy, and close

nursing care for pressure off-loading. Items that may have

caused pressure ulcers in the preoperative period should be

removed. Oftentimes, a “home visit” has been used to evaluate

pressure-causing items in the home prior to discharge. All long-

term care should be focused on avoiding the problems that

caused the pressure ulcers: devices, wheelchairs, chronic ill-

nesses causing immobilization. Continued optimization of

nutrition, control of diseases such as diabetes, should be contin-

ued in the postoperative period and monitored with appropri-

ate labs and follow-up.

11.8 Outcomes
The outcomes for flap reconstruction are well known. Classic

literature reports high recurrence rates and high morbidity

Fig. 11.9 Elevation of flap for coverage of left

ischial pressure ulcer.

Table 11.2 Common flap choices for pressure ulcers based on location.

Wound location Flap choice

Sacral Gluteal flap (fasciocutaneous vs. myocutaneous)

Ischial Posterior hamstring myocutaneous flap

Posterior thigh flap (fasciocutaneous)

Gracilis flap

Trochanteric TFL flap

Abbreviation: TFL, tensor fascia lata.

Adapted from Power KL, Phillips LG. Pressure sores. In: Thorne CH,

Chung KC, Gosain AK, et al. Grabb and Smith’s Plastic Surgery. 7th ed.

Philadelphia, PA: Wolters Kluwer Health; 2013:989–997.
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after surgical intervention. The dismal reported recurrence is

largely based on the severity of the problem. Because the for-

mation of pressure wounds is based on chronic conditions,

which are often found in a debilitated population, it is hard to

correct such issues in a short time frame, or even at all. The

same social issues and requirement for meticulous nursing care,

such as keeping surgical areas free of stool and urine as well as

turning patients every 2 hours, is not present once patients

leave the hospital. Many patients lack the support or finances to

purchase the special equipment needed for proper care in the

long-term setting and thus recurrence ensues. In severe cases

of frequent recurrence, patients may have little surgical options

left for closure, and are therefore left to manage with their

chronic wounds.

Despite the many challenges, when successful, flap recon-

struction of pressure wounds can offer freedom from the pain,

infections, expense, and often humiliation that is associated

with pressure sores. In addition, flap reconstruction can also

prevent progression of infection, which would otherwise neces-

sitate a larger, more morbid surgery. Current data suggest over-

all improvement in recurrence rates with recent values

estimated at 19 to 33%, a large improvement from previous lit-

erature.28,29 Literature also supports the fact that recurrence

and complication is multivariable. Higher rates of recurrence

were associated with osteomyelitis in the preoperative period.30

In addition to recurrence of pressure sores in the long term, the

surgeon should be prepared to deal with common surgical

problems such as hematoma, seroma, or flap necrosis. One

study found wound dehiscence rates up to 49%, and another

study found an overall surgical complication rate of 40%.22,31

The authors’ experience is that minor dehisce, or distal flap

necrosis, can be managed by local wound care. Oftentimes,

postoperative complications will require a return to the operat-

ing room. This should not be discouraging, as local debridement

and advancement of flap can often yield good outcomes.

11.9 Review Questions

11.9.1 True or False

1. Pressure-related tissue ischemia has been shown to occur in

2 hours of high tissue pressure.

2. Operative intervention should be employed as a first-line

intervention in the treatment of pressure ulcers.

11.9.2 Choose the Best Answer

3. A pressure wound with full-thickness skin loss, visible

subcutaneous tissue but no muscle, tendon, or bone, is

classified as

a) Stage I.

b) Stage II.

c) Stage III.

d) Stage VI.

e) Deep tissue injury.

f) Unstageable.

4. Initial treatment of stage I and II ulcers involves

a) Bone biopsy.

b) Enzymatic debridement.

c) Operative debridement.

5. Flaps that are available for ischial pressure ulcers include

a) Gluteal flaps.

b) Tensor fascia lata flap.

c) Medial-based thigh flap.

d) All of the above.

e) None of the above.

11.9.3 Answers

1. True.

2. False.

3. c. Stage III.

4. b. Enzymatic debridement.

5. d. All of the above.
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12 Cleft Lip Deformity
Ashley K. Lentz

Abstract

Cleft lip deformity not only involves physical distortion, but

even more, it commonly carries with it emotional, psychologi-

cal, and social scarring. For these reasons, surgical intervention

is critical, and the author covers every consideration involved in

the proper treatment of cleft lip deformity. In preparing for sur-

gery, any comorbities, such as cardiac and pulmonary anoma-

lies, should be identified and addressed, and a presurgical

molding technique adopted. Various operative techniques are

discussed, and postoperative complications are identified.

Keywords: taping, nasoalveolar molding, Latham appliance,

straight line repair, triangular flap, rotation advancement flap,

bilateral cleft lip repair

12.1 Goals and Objectives
● Learn the nomenclature and challenges for patients with cleft

lip deformity.
● Understand the types of presurgical molding and their

benefit.
● Recognize the different types of cleft repair.
● Know the principles for cleft lip repair as well as the

indications and timing for additional surgery.

12.2 Patient Presentation
Patients born with cleft lip have a facial deformity that can lead

to emotional and physical distortion if unrepaired. These chil-

dren can suffer from societal exclusion, profound psychological

effects, as well as functional compromise.1 Cleft patients need

surgical intervention to help avoid these poor outcomes. In

addition, their parents require substantial time investment for

education, encouragement, and emotional support. The care of

the cleft patient requires a multidisciplinary approach in an

effort to provide the necessary resources to optimize the long-

term emotional and physical outcome.

Many patients with cleft lip are born into varying levels of

socioeconomic class and educational achievement.2 Therefore,

it is important to establish the financial ability and the resour-

ces that each family has in order to care for their child. Those

with fewer resources and lesser education are more likely to

struggle to “make ends meet” while trying to attend the multi-

ple appointments that are needed for their child. A social

worker plays a major role in targeting the families that will

require more assistance. A unified craniofacial team can lessen

the stress on these families and provide an opportunity to see

multiple practitioners in one single visit to the center.3

Additionally, this single visit provides the practitioners an

opportunity to meet together and establish a unified and

comprehensive plan for each patient.

In addition to a cleft surgeon, a comprehensive craniofacial

team offers an evaluation from otolaryngology, oral surgery, psy-

chology, social work, audiology, speech therapy, orthodontics,

pediatric dentistry, pediatrics, and genetics. Each specialist plays

a significant role in the care of these patients throughout the life

of a cleft patient. It is ideal to meet patients within the first cou-

ple of weeks of birth. Not only does early involvement help the

parents to better cope with the emotional strain, but it also helps

parents to better care for their infant. Nutritional support and

education for methods of feeding can help ensure that the baby

will consume enough nutrition in order to grow and thrive.

Finally, this early visit establishes an opportunity for the cleft

surgeon to evaluate the severity of the cleft and determine the

best approach in preparation for surgical intervention.

12.3 Preparation for Surgery
Patients born with cleft lip may have additional comorbidities

that should be addressed prior to surgery. They may have car-

diac and pulmonary anomalies that require repair or close

monitoring prior to cleft repair. It is also important to assess

their growth and weight gain on the pediatric growth chart in

order to limit complications with general anesthesia and sur-

gery. Age old recommendations have stated that babies should

weigh a minimum of 10 pounds prior to surgery.

There are differing levels of cleft severity, including incom-

plete clefts all the way to very wide complete clefts. They may

be unilateral or bilateral. Larger width clefts will have a greater

impact on the nasal and alveolar deformity. ▶ Fig. 12.1 is an

example of an incomplete unilateral cleft lip, while ▶ Fig. 12.2

shows a unilateral complete cleft lip. ▶ Fig. 12.3 and ▶ Fig. 12.4

are examples of an incomplete bilateral and complete bilateral

cleft lip, respectively. Assessment of the cleft width is necessary

in order to determine the need and type of presurgical molding.

It is imperative to determine the ability and means for each

parent to follow through on presurgical treatment. Time and

financial constraints will prevent good outcomes due to patient

inability to attend clinic to monitor the success of the treatment.

There are three types of presurgical techniques, which

include taping, nasoalveolar molding, and Latham appliance.4,5

The simplest technique is the act of taping. The infant care pro-

vider gently pinches the cleft lip together and applies tape over

the gap. This must be performed several times per day, as the

tape is likely to fall off when it gets wet during feedings. Taping

is very inexpensive and it is very simple to train care providers

on the technique. Unfortunately, taping does not address the

nasal deformity and it can irritate infant’s skin. Nasoalveolar

molding requires an intraoral impression to design an acrylic

orthopaedic appliance that is placed into the infant’s mouth.

This device enables the cleft gap to narrow while expanding the

tissue to help improve the shape of the nose while preventing

palatal collapse. It requires multiple and consistent trips to the

pediatric dentist for monitoring of the appliance fit and pro-

gression of the molding. This can be difficult for some families.

Some infants do not tolerate the appliance and constantly push

it out, thereby limiting the potential for benefit.

The Latham appliance is surgically inserted into the infant’s

mouth early in infancy. The parents are trained to turn the
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screws daily in order to bring the cleft together.6,7 There is an

adjustment period for the infant, as the permanent appliance

can affect feeding in the early stages. This also requires an addi-

tional exposure to anesthesia during the placement of the

device. However, this technique limits the number of clinic vis-

its as compared to nasoalveolar molding (▶ Table 12.1).

12.4 Treatment
The face is one of the single most important tools we use to

communicate with other individuals in society. We smile,

frown, and use other facial expressions to convey our

thoughts and feelings. When the face is scarred in some way

or not perceived as acceptable by society, individuals suffer

emotional consequences and social ostracizing. This also has

a long-term negative impact on the patient with a cleft lip

and their family.8 Surgical repair of a cleft lip allows patients

to remain an acceptable member of society. In addition,

surgery allows the patient to have better oral hygiene while

consuming food and beverage.

The overall goal of lip repair is to create a result that

addresses many anatomic features. The surgeon must create

muscle continuity. The lip height on the cleft side should be

equal to the noncleft side. The cupid’s bow should be in

continuity with the peaks at the same horizontal level. The

Fig. 12.1 Patient with a unilateral incomplete cleft lip. Fig. 12.2 Patient with a unilateral complete cleft lip.

Fig. 12.3 Patient with a bilateral incomplete cleft lip. Fig. 12.4 Patient with a bilateral complete cleft lip.

Table 12.1 Types of presurgical treatment with pros and cons of each

Type of presurgical

treatment

Definition Pros Cons

Taping Tape is applied to the lip to

span the gap and an effort is

made to approximate the lip

segments closer together

● Inexpensive
● Simple technique/easy to learn
● Nonsurgical

● Requires multiple applications per day
● Tape can irritate the skin
● Does not address the nasal deformity

Nasoalveolar molding Impressions of the palate and

alveolar gap are made and

frequently changed in order

to narrow the gap of the cleft

● Provides palatal support to help

prevent arch collapse
● Addresses the nasal deformity to

improve postoperative outcomes
● Nonsurgical

● Expensive
● Requires multiple visits for proper fitting
● Patients may push the appliance out with

their tongue

Latham appliance This device is surgically

inserted with pins and screws

are turned daily to bring the

cleft together

● Does not require removal
● Limited number of visits

● Additional anesthesia event
● Parents must turn the screws
● Infants have an adjustment period while

getting used to the device

Treatment
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vermillion cutaneous junction should be contiguous without

step-off deformities. The red lip should be full and symmetric

between the cleft and noncleft side, while the wet lip and dry

lip junction needs to match at the point of intersection. Finally,

the surgeon must spend adequate time addressing the nasal

deformity. The flattened ala needs to be contoured at the time

of lip repair. The nasal bases should sit at the same horizontal

plane and the tip of the nose should be addressed to create bet-

ter nasal tip projection. Finally, the nares should be equal in

diameter and the surgeon needs to try and avoid creating a web

in the nasal vestibule of the cleft side (▶ Table 12.2).

The standard time for lip repair is approximately at 3 months.

Most surgeons want the infants to be healthy and thriving with

a weight equal to or greater than 10 pounds. If an infant under-

goes presurgical techniques, they may not undergo surgery

until the desired presurgical outcomes are achieved. Addition-

ally, if the infant has any other underlying medical comorbid-

ities, these too should be addressed prior to surgery. Cleft lip

repair is the first surgery in a series of surgeries that the patient

will have throughout his or her life. Additional surgeries will be

needed if the patient has a cleft palate and alveolar cleft

(▶Table 12.3).

12.5 Operative Technique
There have been many techniques described to repair the

unilateral cleft lip. In 1844, Mirault published his technique for

a straight line repair of the unilateral cleft lip, although there

was much controversy regarding his technique.9 The many suc-

cessors added modifications in the immediate years to follow.

In 1952, Tennison introduced the triangular flap for which he

received good results and praise from other surgeons.10 He used

a wire stencil to measure the noncleft side from the peak of

cupid’s bow to the base of the columella on the cleft side. This

wire was then bent into the shape of a Z and imprinted on the

cleft side. The final result reveals a zigzag appearance of the scar

that extends across the red lip (▶ Fig. 12.5). Millard creatively

devised the rotation advancement flap and published his first

article on this topic in 1958.11 This was a clever approach where

the noncleft side of the lip was back cut in order to allow for

rotation of this lip segment into the vertical position. The cleft

side was then advanced to meet the other side. This technique

helped to prevent future superior contracture of the lip scar

(▶ Fig. 12.6). He again published several articles in the years to

follow on modifications of his technique, given the fact that this

technique can often be inadequate to create symmetric lip

height. Many modifications were made based on Millard’s con-

cept of rotation advancement by other surgeons. In 2005, Fisher

introduced the anatomical subunit approximation technique.

He recognized the limitations of the rotation advancement

without modifications.12 His goal was to prevent the loss of hor-

izontal distance between the peak of cupid’s bow on the cleft

side to the oral commissure. Finally, this technique places the

final scar along the seams of the anatomical subunits of the lip

and nose (▶ Fig. 12.7).

Table 12.2 Important anatomy to address during cleft lip repair

Anatomic point Requirements

Orbicularis oris

muscle

Complete muscle continuity is imperative. The

surgeon needs to take down the aberrant

attachments and place them in the proper

anatomic location across the cleft deformity

Lip height The height of the cleft side needs to match the

height of the noncleft side

Cupid’s bow The cupid’s bow should be symmetric with the

height of the peaks placed at the same horizontal

plane

Vermillion

cutaneous

junction

Step-off deformity between the upper lip skin and

the red lip are very noticeable. Therefore, this

junction should be in continuity

Red lip Fullness of the red lip on the cleft side needs to

match that of the noncleft side. The junction of

the wet and dry lip can be offset preoperatively,

and special attention is required to repair this

discrepancy

Nose The flattened ala of the cleft side should be

dissected free from the attachments. The ala

requires rounding to inset it at the proper

anatomic location and to create alar, nare, and

nasal base symmetry

Table 12.3 Timeline for cleft lip treatment

Age Treatment

3 mo Cleft lip repair

9 mo Cleft palate repair

7–9 y Alveolar bone grafting

16–17 y Orthognathic surgery

16–18 y Rhinoplasty and lip revision

Fig. 12.5 Example of triangular flap.
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The bilateral cleft lip repair has evolved similarly. Early on, a

straight line repair was used by Veau.13 Given the shortened

prolabium height, additional strategies were used to gain

length. These included the use of Z-plasties along the lip.14,15

Millard recognized the challenge of the shortened prolabium

and performed bilateral repair in two stages.16 He also

described forked flaps that were later used to lengthen the col-

umella (▶ Fig. 12.8).17 As the child with a bilateral cleft lip

grows, the prolabium widens and elongates. Recognition of this

fact has led to the discontinued use of the forked flap.18

Mulliken et al used a single-stage closure after patients have

undergone presurgical molding. They emphasized the need for

primary correction of the nasal deformity. They now use bilat-

eral rim incisions to assist with the exposure to address the

nasal cartilage (▶ Fig. 12.9).19

12.6 Outcomes
As with any significant surgical procedure, complications

or adverse outcomes are possible. These include infection,

Fig. 12.6 Example of the Millard rotation advancement flap. Fig. 12.7 Example of the Fisher flap.

Fig. 12.9 Example of the Mulliken bilateral cleft lip repair.

Fig. 12.8 Example of the Millard bilateral cleft lip repair with fork flaps.

Outcomes
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bleeding, and dehiscence in the early stages after surgery. Some

of the long-term sequelae may be lip height discrepancy, nasal

alar collapse, step-off deformity of the vermillion cutaneous

junction, malalignment of the wet and dry red lip junction, and

loss of red lip fullness on the cleft side leading to a whistle

deformity (▶ Fig. 12.8).

Cleft surgery is challenging and the best outcomes will arise

when the surgeon pays close attention to all the details as men-

tioned earlier. It takes years of practice to try and perfect these

anatomic points. No two cases are exactly alike, and this fact

presents the cleft surgeon with a challenge during each case. A

good surgeon constantly analyzes his or her outcomes to pro-

vide better care with each successive patient.

12.7 Conclusion
Patients born with cleft lip have varying social circumstances that

may have profound impacts on the final outcome of their care. A

comprehensive cleft team is imperative to optimize care for these

patients. Depending on the defect, an infant may benefit from

presurgical techniques. Cleft lip surgery is typically performed at

3 months of age. Subsequent surgeries are performed throughout

the first two decades of life. The information above is simply a

guide for most standard treatment plans by cleft surgeons. There

are many different operative techniques and strategies, and each

surgeon develops his or her own method. Constant regard for

the outcomes will enable the surgeon to constantly improve the

care given. Care of children with cleft lip is personally very

challenging and ultimately rewarding, as there is exceptional

continuity of care with these patients.

12.8 Review Questions

12.8.1 True or False

1. A comprehensive cleft and craniofacial team provides better

outcomes for patients with cleft lip deformity.

2. Presurgical techniques must be used on every cleft patient in

order to achieve acceptable surgical outcomes.

3. Cleft lip and cleft palate are often repaired at the same time.

12.8.2 Choose the Best Answer

4. Millard published a new method for cleft lip repair in 1958.

This technique is best described as a

a) Straight line repair.

b) Rotation advancement flap.

c) Triangular flap.

d) Anatomical subunit approximation.

5. Complications following cleft lip repair include all of the

following except

a) Upper lip scar.

b) Nasal alar collapse.

c) Increase in the distance from the peak of cupid’s bow on

the cleft side to the oral commissure.

d) Step-off deformity of the vermillion cutaneous

junction.

12.8.3 Answers

1. True.

2. False.

3. False.

4. b. Rotation advancement flap.

5. c. Increase in the distance from the peak of cupid’s bow on

the cleft side to the oral commissure.
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13 Cleft Palate Repair by Double Opposing Z-Plasty
Leonard T. Furlow Jr.

Abstract

This chapter is a careful discussion of the function of the palate

in normal speech and of the problems caused by cleft palate.

After surveying the history of cleft palate repair, the author

delves into the steps involved in the double opposing z-plasty

repair. Hard palate repairs are also discussed and illustrated.

Postoperative care of the airway and bleeding is covered, and

the steps in long-term follow-up are outlined.

Keywords: cleft palate, double opposing z-plasty (DOZ-pl), velo-

pharyngeal function

13.1 Goals and Objectives
● Function of palate in speech, both velar and hard palate

portions.
● Brief history of cleft palate repair and its importance in the

development of palate repair methods.
● The purposes and design of the double opposing Z-plasty

palate repair.
● Why velopharyngeal function is critical to normal speech.
● How to determine velopharyngeal function related to cleft palate.

13.2 Patient Presentation
Cleft palate repair carries a large responsibility, because repair

does not guarantee normal speech, and because abnormal

speech is a serious social disadvantage.

In the United States, the standard of care for those with cleft

lip and palate is by a team, which usually includes one or more

of the following: plastic surgeons, pediatricians who are famil-

iar with the syndromes associated with patients with cleft pal-

ate only (CPO) and cleft lip and palate (CLP), otolaryngologists,

orthodontists, oral surgeons, speech–language pathologists

(SLP), and a supporting team including a nurse and an adminis-

trator. Plastic surgeons not associated with a team should con-

sider referring patients to a team.

It is important to consider the concerns and anxieties of the

parents and to have the appropriate team members address

them at every visit, especially the first. On initial examination,

the plastic surgeon should note the child's age, weight, hemo-

globin and hematocrit, and a family history of cleft and any con-

genital abnormality that might be cleft-related; record the

characteristics of the cleft; unilateral CLP (UCLP), bilateral CLP

(BCLP), CPO; complete/incomplete, width of the cleft, and the

slope of the hard palate shelves; evidence of previous surgery

(review the chart if the lip has been repaired); and evidence of

a syndrome (particularly such as Pierre Robin, which might

impact the surgical plans by delaying repair and avoiding a pha-

ryngeal flap, or velocardiofacial syndrome, which is a difficult

surgical problem carrying a lower expectation of success). The

parents should be asked to try to have the child feeding from a

cup before palatal surgery. In older patients, speech character-

istics should be noted and velopharyngeal (VP) function tested.

13.3 Preparation for Surgery
After examination of the child and discussion of the patient by

the team, the plastic surgeon should explain why the function

of the palate is important in speech, what palate repair must

accomplish, and that the goals of repair are not always reached

at the first operation. The planned operation should be

described for the parents with a discussion of postoperative

complications; let them know what to expect. The sequence

and timing of procedures and operations should be discussed,

with the reasons that subsequent operations might be neces-

sary, and an estimate of how frequently they are usually

needed. The possibility of operations for velopharyngeal insuffi-

ciency (VPI), fistula repair, alveolar bone grafting, or correction

of maxillary recession should be emphasized in the discussion.

These points should be reiterated at the preoperative visit.

13.3.1 Palatal Function

Proper treatment of the patient with cleft palate requires an

understanding of palatal function.

During speech, for various consonants, the lips and tongue per-

mit (“really”), restrict (“fish”), or block (“Dad”) airflow through

the oral cavity. The normal hard palate separates the oral and

nasal cavities. It is important for the growth of the midface. The

normal soft palate (velum) is a muscular valve that opens and

closes to permit, restrict, or prevent airflow and sound into the

nasal cavity. This function is required for normal speech.

For most of our English words, the velopharyngeal valve is

closed, to direct air and sound through the mouth only (“brother,

papa, supercalifragilisticexpialidocious”). The velum provides quick,

precisely timed velopharyngeal valving to permit airflow and

sound through the nose when the lips, tongue, and teeth block

oral airflow (“noon, rain”), and coordinates with the lips and

tongue to control airflow and sound through nose and mouth for

many words (“mop, king, ban”), or with a mid-word switch (“sen-

tinel, bumper, single, maintain”). Listen to how the oral and nasal

vowel sounds relate to the associated consonants.1,2,3,4

The palatal cleft mars speech by failing to block airflow into

the nasal cavity on consonants, and sound on vowel production.

The prime purpose of cleft palate repair is to make normal speech

possible by converting the cleft hard and soft palate into a compe-

tent velopharyngeal valve mechanism.

A successful cleft palate repair (1) produces a velum that per-

mits precise, instantaneous, essentially complete velar closure,

and velar opening sufficient for nasal breathing; (2) constructs

an intact hard palate that partitions the nasal cavity from the

oral cavity and permits adequate midface growth; (3) protects

middle ear function; (4) achieves all, preferably by the age of 1

year, before the child learns speech.

Palate repair is by no means always successful. If veloph-

aryngeal closure is inadequate or a hard palate fistula connects

the oral and nasal cavities, compensatory articulations, substi-

tute sounds learned when the attempt to make a desired sound

by closing the velum does not work, may mar speech after a

second operation has provided VP competence.5,6,7
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13.4 Treatment

13.4.1 History

The history of cleft palate repair is interesting, particularly

because improvements have come so slowly and because over

its first century and a half, the history has defined the require-

ments for the best assurance of a successful surgical outcome.

The first successful surgical repair was in 1819 in Paris by Dr.

Roux on the Canadian John Stephenson, a medical student in

Edinburgh. A thesis was required for graduation, and Stephen-

son's thesis is a very interesting, revealing personal account: by

a person with a cleft palate, and as the patient receiving this

seminal surgery.8 Stephenson returned to Montreal to practice

medicine, where he was the key person in the founding of

McGill Medical School as the first College of McGill University.

For many years, cleft palate repair was clearly difficult for

both patient and surgeon. It was not until 13 years after Ste-

phenson’s repair, in 1832 in Jefferson, Georgia, that Dr. Craw-

ford W. Long introduced ether anesthesia, subsequently

popularized in Boston. However, general anesthesia was not

used for palate repair until about 1867, also the year that

Joseph Lister, in Scotland, introduced the concept of asepsis in

surgery.9,10 Surgery was usually performed using outside sun-

light until the 1880s, when Tesla's alternating current illumi-

nated the 1883 Chicago World's Fair with Edison's light bulbs.

In 1920, Magill introduced the endotracheal tube. Other aids

such as epinephrine, intravenous fluids, lidocaine, suction, and

the Dingman mouth gag did not become available until some-

time in the 20th century.

In 1861, von Langenbeck described tension-relieving muco-

periosteal flap elevation through lateral relaxing incisions,

which made hard palate closure easier, and must have reduced

fistula rates.11 It is an operation frequently used today, the

repair this author learned and used before the double-opposing

Z-plasty (DOZ-pl).12 Variations include Bardach’s two-flap

repair, which detached von Langenbeck’s flaps anteriorly for

easier flap elevation and closure.13

In the 1920s, Veau, Dorrance, Wardill, and Kilner’s pushback

procedures lengthened the velum with hard palate mucoper-

iosteum. 14,15,16,17 However, without velar muscle lift, the added

velar length did not significantly improve speech results, but

palatal fistulas and midface retrusion increased.18,19 The proce-

dure is widely used today. The palatal island flap provided more

hard palate mucoperiosteum for velar length,20 resulting in

greater retrusion.21

In the 1940s, an increase in midface retrusion, likely from the

pushback’s increased hard palate scarring, led to Schwecken-

diek’s two-stage repair.22,23 Its intent was to engage the

repaired velum in speech while leaving the unrepaired hard

palate mucoperiosteum unscarred for growth.

Maxillary growth was much improved, but the intentional

hard palate fistula led to speech seriously marred by compensa-

tory articulations.24,25 Variations on the two-stage operation

have generally moved the hard palate closure into early child-

hood or later in infancy.

In the 1960s, attention was finally turned to the velar

muscles by Ruding, Braithwaite, and Kriens.26,27,28 By most

reports, the end-to-end, anterior intravelar veloplasty (IVV) led

to some improvement in speech outcomes, but much room for

improvement in speech outcomes remained. Today, IVV is usu-

ally a part of palate repair, regardless of design. Sommerlad’s

recent results with his careful IVV using the operating micro-

scope has produced very good outcomes, even though velar

lengthening is not part of the operative plan.29

From these history lessons of palate repair and an awareness

of the aberrant anatomy, we may conclude that the best charac-

teristics of a repair should

1. Put the levator muscles at functional tension by retroposing

and transversely overlapping them.

2. Permanently lengthen the velum.

3. Provide complete oral and nasal mucosal coverage.

4. Leave the hard palate mucoperiosteumwhere it belongs.

5. Scar the hard palate as little as possible.

6. Complete the cleft repair by or close to age 1 year, in one

operation if possible.

13.4.2 Double Opposing Z-Plasty Repair

The design of the double opposing Z-plasty repair achieves the

six attributes noted above; patients' VP competency rate of the

authors’ went from 48% using a von Langenbeck repair either

without or with IVV to 91% with double opposing P-plasty

(▶Table 13.1).12,30,31

The experience of others has confirmed its effectiveness.32,33,

34,35,36,37,38,39,40

The operation has been much modified by others, usually by

reducing the size of the Z-plasties and by freely using lateral relax-

ing incisions in the hard and soft palate, more recently by treating

the muscles and their Z-plasty flaps as separate units.40,41

What follows briefly describes the Furlow version for the

hard palate and the velum as the author finally came to perform

it after his experience performing some 350 cases: 37 in private

practice, and the rest later on volunteer surgery trips.

The DOZ-pl repair was developed in the author’s private

practice in which a consecutive series of 33 infants and 4 older

patients (11 with various syndromes) were treated. Some 300

cases done on volunteer surgery trips added greatly to his oper-

ative experience. Much of what is described below was learned

on these trips: from other surgeons, from the increasing experi-

ence, and the opportunity to do one case after another, remem-

bering problems and solutions from case to case. Unfortunately,

the lack of follow-up was very disappointing.

The soft palate cleft is closed with two large mirror-image Z-

plasties; the cleft is the central limb of each Z-plasty. The palatal

muscles are elevated as part of each posteriorly based flap; the

anteriorly based flaps are mucosa only. As the lateral limb inci-

sion of the oral posteriorly-based flap is deepened to nasal

mucosa, the palatal aponeurosis is automatically divided,

Table 13.1 33 infants at operation

VP competence Fistulas Le Fort

UCLP 11/12 0 0

BCLP 9/10 0 2

CP 10/11 2 0

Total 30/33 (91%) 2 (6%) 2 (6%)

Abbreviations: BCLP, bilateral cleft lip and palate; CP, cleft palate; UCLP,

unilateral cleft lip and palate; VP, velopharyngeal.
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making velar relaxing incisions unnecessary (this author has

never used them). The incision is carried to, but not into the

superior constrictor laterally (▶ Fig. 13.1).12,42

The flap with its palatal muscle is carefully elevated from the

nasal mucosa. A Freer elevator is used to push the levator poste-

riorly along the medial surface of the superior constrictor, and

the flap with its levator is rotated transversely.12,42

Transposition of each z-plasty carries the levator in its posterior

flap, overlapping the muscles. The anterior flaps close the oral and

nasal mucosa. The large z-plasty design gives wide access for pre-

cise dissection and positioning of the flaps and their muscles.

In short, the velar Z-plasties repair the cleft, create a retro-

posed levator sling by rotating the levators transversely and

overlapping them, lengthen the velum, leave the hard palate

mucoperiosteum where it belongs, and close the oral and nasal

mucosa anterior to the muscle sling, all at the same time.

Several technical details:
● The end of the lateral limb incisions of the anteriorly-based

flaps position the tip of the myomucosal flaps, which sets the

A-P direction, dorsal position, and overlap of the velar muscles.

As the nasal lateral limb incision is carried laterally its end also

curves posteriorly toward the posterior pharyngeal wall, so

that a wide z-plasty constructs the levator sling nearer the

posterior pharyngeal wall than a small one, under more

functional tension, making VP closure easier for the patient.
● The left nasal mucosal Z-plasty flap ends precisely under the

levator muscle base to position the right levator tip directly

under the left levator base, creating a transverse levator sling,

its levators under functional tension.30

● The oral myomucosal flap tip with its levator muscle is inset

directly over the opposite levator base, not farther anteriorly

over the hamulus ▶ Fig. 13.2.30

● An intraoperative view of widely overlapped exactly aligned

levators is what one should see before the final oral mucosal

z-plasty flap is placed.31

● The anteriorly-based flaps provide complete mucosal closure

anterior to the velar muscles, so the levator sling is not pulled

forward over time by scar contracture, shortening the velum

▶ Fig. 13.3.12

● Guneren and Uysal found a mean increased velar length of

12.45mm (55%) 4.5 years after DOZ-pl.44

● Other helpful variations are described in Furlow.30

Fig. 13.1 Double opposing Z-plasty: soft palate operative design. (a) Oral-side Z-plasties, (b) Oral-side flaps reflected, (c) Nasal flaps dissected, (d) and

transposed. (e) Levator sling constructed. Anterior flaps close mucosa. Losee J, Kirschner R, ed. Comprehensive Cleft Care. 2nd Edition. New York:

Thieme; 2015.

Treatment

129



13.5 Hard Palate
Lateral relaxing incisions and pushback procedures are to be

avoided because they add hard palate mucosal scars and bare

areas. The greater the hard palate mucoperiosteal deficit the

greater the midface growth deficit.18,21

When the mucoperiosteal flaps are brought from the vault to

horizontal, lateral relaxing incisions are infrequently needed.42

The relationship of palatal vault to the distance from alveolus

to alveolus, not cleft width, is critical for closure without lateral

relaxing incisions. To avoid lateral relaxing incisions the muco-

periosteal flaps must reach from the base of each alveolus to each

other at the cleft.

When the cleft is wide, if the vault of the hard palate is high,

mucoperiosteal flaps may reach each other when they are

brought out of the vault to horizontal, whereas if the cleft is

narrower but the vault is flatter, mucoperiosteal flaps may not

reach.31

To determine if the flaps will reach, plan ahead. Before begin-

ning surgery, at the hard-soft palate junction measure the

Fig. 13.2 Dissection of the posteriorly-based flap. Losee J, Kirschner R, ed. Comprehensive Cleft Care. 2nd Edition. New York: Thieme; 2015.

Fig. 13.3 Inset of the double opposing Z-plasty

flaps. The anteriorly-based flaps provide

complete mucosal closure anterior to the velar

muscles, so the levator sling is not pulled forward

over time by scar contracture, shortening the

velum. Upon inset, the levators widely overlap.

Losee J, Kirschner R, ed. Comprehensive Cleft

Care. 2nd Edition. New York:Thieme; 2015.
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distance on each side from the cleft margin to the base of the

alveolus, which is the breadth of each mucoperiosteal flap that

can be brought out of the vault to horizontal to close the cleft. If

the two measurements will bridge the gap from alveolus to

alveolus, lateral relaxing incisions will not be necessary. If they

will not reach, an alternate plan can be made before beginning

the operation.

Two q-tips can be used to measure the available mucoperios-

teal flap width by placing the end of each q-tip stick (the han-

dle) on the cleft margin of each side at the hard-soft palate

junction and marking the base of that side's alveolus with a pen

or methylene blue, then adding one handle marking to the

other q-tip handle to mark the sum of the mucoperiosteal flap

breadths. Bending the q-tip at the mark permits the segment to

be put across the gap from alveolus to alveolus. If it reaches,

proceed without lateral relaxing incisions.31

If it won't reach, after doing velar DOZ-pl, do lateral relaxing

incisions, 2-flap elevation and closure, or another plan for hard

palate closure.45,46

When closing the hard palate, to avoid fistulas, always use

mattress sutures. The raw surfaces of each mucoperiosteal flap

must be in apposition; a raw edge is unlikely to heal to a

mucosal surface.

13.6 Postoperative Care
The main immediate concerns are with airway and bleeding; a

pulse-oximeter is indicated. Traction on a tongue stitch placed

at the end of the palatoplasty can be very helpful in preventing

airway obstruction, and sedation and elevation of the head of

the infant’s bed will stop most postoperative oozing. As soon as

the infant is awake, the moistening from drinking from a cup or

syringe may be calming and safe, and may reduce the need for

pain medicine. If analgesics are needed, acetaminophen or ibu-

profen is nearly always effective. Elbow restraints are probably

not necessary.

When the infant is drinking clear liquids, the intravenous flu-

ids can be discontinued and the infant sent home on a liquid diet

if the parents are reliable and comfortable with providing care.

Initial follow-up should be in about 2 weeks after hospital

discharge, and thereafter in craniofacial clinic by its schedule.

13.7 Outcomes

13.7.1 Long-Term Follow-up

Adequate follow-up for speech, hearing, and midface growth

should be continued at least until the late teens. Hearing should

be evaluated by the team’s otolaryngologist or audiologist, and

maxillary growth status evaluated by the dental colleagues. Fol-

low-up evaluations should be shared, discussed, gathered, and

saved in a way that preserves evidence of outcomes and results

for documentation of effectiveness of treatment.

As an example, a 34 year-old patient with a Veau II cleft had

never been told it could be repaired (▶ Fig. 13.4). Velum

elevates well at two weeks and at two years. She developed

velopharyngeal competence, her increased velar length persists,

and her “dimple of elevation” remains well posterior. Her

articulation was good before her repair and her speech became

normal.

13.7.2 Determining Velopharyngeal
Function

The prime purpose of cleft palate repair is to effect VP compe-

tence to make normal speech. Therefore, our first most impor-

tant question after surgery should be “is the velopharyngeal

valve competent?” If it is not, normal speech is not likely to

occur.

After palatoplasty, the SLP’s charge is to evaluate speech, and

if it is not normal, to determine the cause and to plan treat-

ment. If the VP mechanism cannot close adequately (VPI), surgi-

cal or prosthetic treatment is required. If the problem is in the

brain, in the form of compensatory articulations mislearned

because the patient’s VP mechanism could not close when he/

she learned to speak, speech therapy by the SLP is needed, not

surgery.5,6,7 If both VPI and compensatory articulations are

present, it is likely that speech therapy and surgery will both be

needed. The treatment path depends on knowing if the VP

mechanism can close, and may involve tests such as video-

fluoroscopy and videonasendoscopy.4 Of course, if speech is

normal under all circumstances, only follow-up is indicated.

The two direct consequences of VPI are nasal escape of air on

consonants and sibilants, and hypernasality on normally non-

nasal vowel sounds. To determine their presence or absence,

SLPs listen to their patients speak. Accurate detection and grad-

ing of nasal escape and hypernasality based on detection in

speech has been difficult. For example, the audible "nasal rus-

tle" is heard with smaller but not larger VP gaps.47,48 Con-

versely, some people without VPI sound hypernasal; many

country music singers are an example. This and failure to dis-

criminate between VPI amd compensatory articulations due to

mislearning have made standardizing evaluation of speech out-

comes between teams and institutions a vexatious, unsolved

problem which has foiled treatment comparisons and identifi-

cation of "best treatments".49 Most rating scales include mini-

mal or intermittent VPI in the "success" category, even though

when surveyed, SLP's and surgeons say success should be lim-

ited to "no VPI" or "normal speech".49,50,51 Some institutions

have used "need for surgery for VPI" as the outcome measure,

but there is no standardization among teams and institutions

as to the degree of VPI that is minor enough to accept without

treatment, which may include nearly half the patients with

some degree of residual VPI.52

Half a century ago, Warren’s pressure-flow studiesgave us

“yes/no” physical criteria for VP competence.1,53 He showed that

a residual velopharyngeal opening (or a palatal fistula) smaller

than 2.5mm in diameter (5mm2 area) resulted in normal

speech, and a mm larger in diameter (3.6mm, 10mm2 area)

resulted in speech marred by VPI (a pencil eraser’s diameter is

7.1mm, area 40mm2). He also documented that nasal airflow

less than 50 cc/second on consonants resulted in normal

speech. Unfortunately, his pressure-flow studies are too com-

plex to use at routine clinic visits.

Fortunately for surgeons, “listening tube” turbulence for nasal

escape on consonants and sibilants, and cul-de-sac resonance

sound change for hypernasality on vowels do not depend on

expert evaluation of speech. Rather, test sounds elicited by sin-

gle syllables that normally cause velopharyngeal closure deter-

mine whether the velopharyngeal mechanism is closing. The

two tests are quick, free chairside clinic tests that a surgeon can
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perform and evaluate, don't depend on evaluation of speech, do

give a “yes / no” answer rather than degrees of VPI, and should

therefore be comparable between teams and institutions.

The “Listening tube” test identifies nasal escape by removing

the head of a stethoscope, holding the tube end at each of the

patient's nostrils as the patient says "beet... bit... bait... bet...

bat... bot... boat... boot... but... bert," syllables that should cause

the velopharyngeal mechanism to close. Nasal airflow (escape)

will create very audible turbulence in the end of the tube.

The sound comes from the turbulence in the stethoscope end, not

from the patient, whose nasal airflow causing the turbulence

may be silent, which is more likely the larger the residual

velopharyngeal gap.47

The cul-de-sac test detects hypernasality by having the pa-

tient say each syllable twice: "beet / beet… bit / bit… bait /

bait…” etc., pinching the nose for each second syllable. If the VP

valve is closed, the sound will not change, because the nasal cav-

ity is not part of the resonating chamber. If the VP valve is not

closed, the sound will be different with the nose open and with

the nostrils pinched because when the nostrils are pinched, the

nasal cavity is changed from an open-ended to a closed-ended

resonating chamber.52

If these two tests were the standard, it might well solve the

problem of comparison of results between teams and institu-

tions, and would tell us whether to plan for surgery or speech

therapy, or both.

Fig. 13.4 (a) The top row of photos shows the palate in the silent, breathing state, while (b) the bottom row demonstrates the palate during

phonation. The left column is prior to double opposing Z-plasty palatoplasty. The middle is 2 weeks after surgery, and right column is 2 years after

surgery. Note the elevation of the velum with phonation, and the dimpling indicative of muscle activity.
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13.8 Review Questions

13.8.1 Choose the Best Answer

1. The soft palate

a) Is an insignificant structure.

b) Functions to support the uvula.

c) Acts as a muscular valve controlling airflow into the nasal

cavity during speech.

d) Is inconsequential for speech development.

2. The timing of palate repair is

a) Solely related to the size of the cleft.

b) Dictated by degree of facial growth in order to allow sur-

gery.

c) Should be done prior to permanent abnormal compensa-

tory speech patterns develop.

d) Dependent of the patient obtaining a minimumweight of

10 kg.

3. The double opposing Z-plasty

a) Creates a functional muscular velum via levator muscle

retropositioning and overlap.

b) Lengthens the velum.

c) Provides oral and nasal mucosal coverage.

d) Leaves the hard palate mucoperiosteumwhere it belongs.

e) All of the above.

4. Hard palate repair done in conjunction with double opposing

Z plasty for the soft palate

a) Will never work.

b) Can frequently be done without relaxing incisions.

c) Is done with mucosal flap leaving periosteum in place.

d) Should always be done with relaxing incision.

e) None of the above.

5. Outcomes for cleft palate repair

a) Are best judged by speech and the absence of VPI.

b) Rarely require further surgery.

c) Never have effects on facial growth.

d) Are independent of the function of the velum.

13.8.2 Answers

1. Acts as a muscular valve controlling airflow into the nasal

cavity during speech. (c)

2. Should be done prior to permanent abnormal compensatory

speech patterns develop. (c)

3. All of the above. (e)

4. Can frequently be done without relaxing incisions. (b)

5. Are best judged by speech and the absence of VPI. (a)
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14 Craniosynostosis
Jessica A. Ching and John H. Phillips

Abstract

Craniosynostosis refers to the premature fusion of one or more

cranial sutures. This often results in characteristic cranial dis-

tortions in infancy that prompt investigation with imaging.

Once craniosynostosis is confirmed, surgical intervention may

include craniectomy, frontoorbital advancement, posterior cra-

nial vault remodeling, total cranial vault remodeling, or poste-

rior vault distraction. The intervention is chosen based on the

sutures involved, severity of symptoms, and if an underlying

syndrome is present. A discussion of postoperative care guide-

lines and outcomes conclude the chapter.

Keywords: syndromic craniosynostosis, posterior plagiocephaly,

sagittal synostosis, metopic synostosis, craniectomy, Virchow’s

law

14.1 Goals and Objectives
● Recognize the key historical and physical findings needed for

diagnosing and treating craniosynostosis.
● Clearly define the objectives of surgical treatment of

craniosynostosis.
● Appreciate the complex surgical procedures utilized in

treating patients with craniosynostosis, including the

appropriate indications and timing of these procedures.
● Understand the evidence-based preoperative and

postoperative concerns related to craniosynostosis.

14.2 Patient Presentation
During the first year of life, infants are frequently referred to a

plastic surgeon or neurosurgeon for an evaluation of their head

shape. The primary concern of the referring provider is usually

underlying craniosynostosis, or the premature fusion of one or

more cranial sutures. Craniosynostosis may occur as the result

of an isolated, sporadic genetic mutation or as part of a complex

syndromic diagnosis. Overall, craniosynostosis occurs in

1:2,000, and syndromic craniosynostosis is even more rare,

affecting 1:25,000 to 1:100,000 infants.1 The most common

type of craniosynostosis is sagittal synostosis, followed by

metopic synostosis, then unicoronal synostosis.1 Since the “Back

to Sleep” campaign began by the American Academy of Pedia-

trics in 1992, deformational plagiocephaly is much more com-

mon than craniosynostosis, nearly as frequent as 1:12.1,2,3

Positional plagiocephaly is managed nonsurgically with obser-

vation or helmeting, while craniosynostosis is often treated sur-

gically. This makes correctly diagnosing craniosynostosis of

critical importance.

History and physical examination will assist in determining if

further diagnostic workup is necessary. Neonatal and gesta-

tional history including pregnancy complications and expo-

sures should be obtained. A description of the child’s head

shape at birth and subsequent shape changes leading to the

present visit is important in assessing if the deformity is

improving, worsening, or stable. Craniosynostosis generally

worsens as the skull growth attempts to compensate for the

fused suture. Family histories of similar cranial findings or

genetic disorders is pertinent. Developmental milestone

achievement should be delineated, noting any signs of delay or

regression that may raise concern of increased intracranial

pressure secondary to craniosynostosis or other pathology.

Other symptoms of increased intracranial pressure can include

inconsolability, head holding, drowsiness, or emesis.1,4

Clinical examination first focuses on general head shape and

identifying asymmetries. According to Virchow’s law, early clo-

sure of a cranial suture restricts perpendicular growth but

causes a compensatory increase of parallel skull growth

(▶ Fig. 14.1).5 Therefore, characteristic head shapes are often

linked with specific craniosynostosis patterns (▶ Fig. 14.2).

However, these associations are not always present, and in

some cases, the head shape may appear normal even with mul-

tiple fused sutures.4,6 Conversely, the head shape may appear

grossly abnormal without any underlying craniosynostosis,

such as with positional plagiocephaly. During examination, it is

also necessary to palpate sutures and fontanelles. A ridge of

bone at a suture line or fontanelle closure may indicate prema-

ture suture fusion. An open fontanelle should be soft when an

infant is calm and upright. If it is full or tense, this merits con-

sideration of increased intracranial pressure. Additional exami-

nation of facial features and extremities should be performed as

these may indicate an underlying syndromic diagnosis

(▶Table 14.1). The patient’s neck should be examined for range

of motion to evaluate for contributing torticollis. If exorbitism,

eye irritation, or exposure keratitis is noted, prompt referral to

an ophthalmologist is needed.

Some patients present with radiographic imaging. Plain

radiographs of the skull are of low diagnostic value in this set-

ting, and their results should not overshadow historical and

clinical findings. In cases where preoperative imaging is

desired, plain radiographs are likely inadequate as well.

14.3 Preparation for Surgery
If the initial consultation yields suspicion of craniosynostosis,

referral to a craniofacial surgeon at a tertiary center is necessary,

and further consultations and imaging should be considered.

Standard consultations at most specialized tertiary centers

include neurosurgery and ophthalmology. Neurosurgery will

evaluate for cranial pathology and potential surgical assistance,

and ophthalmology will evaluate for papilledema or optic atro-

phy indicative of increased intracranial pressure. Additional con-

sultations may include genetics to assess for a syndromic

diagnosis, associated laboratory evaluations, and counseling. If a

syndromic diagnosis is suspected or the patient has complex

medical issues, a formal craniofacial team evaluation and follow-

up is warranted. At tertiary centers, the craniofacial surgeon is

often one member of the craniofacial team that will care for

complex craniofacial patients. Patients with syndromic associa-

tions and complex medical issues are appropriately referred by
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Fig. 14.1 (a) Virchow’s law is represented with a diagram of an open, unfused suture displaying both perpendicular and parallel growth to the suture.

(b) This is contrasted to the patient with left unicoronal synostosis and (c) diagram of Virchow’s law at a prematurely fused suture, exhibiting restricted

perpendicular growth and increased parallel growth along the suture.

Fig. 14.2 A schematic of typical head shapes associated with specific patterns of sutural fusion.
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the team to additional specialists for evaluation and treatment as

needed. Preoperative evaluation by an anesthesiologist familiar

with pediatric craniofacial patients is performed to ensure peri-

operative risk is avoided or mitigated as much as possible.

In most cases, preoperative imaging is desired to confirm the

diagnosis, identify other abnormal anatomy, such as emissary

veins, and assist with overall surgical planning. A computed

tomography (CT) scan without contrast is commonly per-

formed, and three-dimensional reconstruction images are

obtained. The CT is performed with contrast if vascular drainage

is a concern, as in syndromic craniosynostosis.7 If warranted,

magnetic resonance imaging (MRI) may provide additional in-

formation about intracranial pathology or posterior fossa mal-

formations, such as tonsillar herniation.

Timing of the operation depends on the severity of the

patient’s symptoms. If there are signs of increased intracranial

pressure or developmental concerns, surgery proceeds as soon

as is feasible. In the absence of increased intracranial pressure,

surgery is generally performed within the first year of life,

while the exact timing depends on the underlying diagnosis

and surgical technique.

Once the surgical strategy and date are determined, patients can

be placed on iron supplementation or given recombinant erythro-

poietin several weeks prior to surgery to optimize hemoglobin lev-

els.8 Preoperative labs generally include a complete blood count

and basic metabolic panel within 30 days prior to surgery.

The most common complications are asymmetry, contour

deformities, superficial wound infection, scarring, and wound

healing issues. Other risks of any operation for craniosynostosis

include bleeding, pain, deep wound infection, blood transfu-

sion, dural tears, cerebrospinal fluid leaks, meningitis, encepha-

litis, neurologic damage and impairment, and death. These risks

should be discussed with caregivers well in advance of surgery.

14.4 Treatment

14.4.1 Indications

Elevated intracranial pressure is an urgent indication for surgi-

cal intervention, as it means the brain is externally compressed

by the calvarium. In the case of craniosynostosis, the calvarium

is unable to accommodate brain growth. The most rapid growth

occurs in the first year of life, and the brain nearly triples in size

by 2 years of age.4 Thus, if craniosynostosis is present, as the

brain grows the elevated intracranial pressure will likely wor-

sen. Generally, the risk of elevated intracranial pressure

increases with each additional suture fusion, and those with

syndromic diagnoses have the highest rate of elevated intracra-

nial pressure.4,9,10 A craniofacial dysostoses syndrome may be

associated with ventriculomegaly, venous outflow obstruction,

or obstructive sleep apnea, all of which contribute to elevated

intracranial pressure. It is associated with multisuture craniosyn-

ostosis over 40% of the time and associated with single suture

nonsyndromic craniosynostosis over 15% of the time.1,11 If guard-

ians elect not to proceed with surgery, the patient should be fol-

lowed up at regular intervals until several years of age to avoid

an undiagnosed late presentation of increased intracranial pres-

sure.6 Untreated increased intracranial pressure can result in

neurodevelopmental delay and permanent impairment.12

Psychosocial development is another indication for surgery.

The cranial deformity may result in social dysfunction in both

the short and long term. This directly relates to self-image, con-

fidence, and ultimately, quality of life.13 Therefore, although

psychosocial impact may not be an urgent surgical indication, it

is a substantial indication for surgery. For these cases, surgery is

still generally recommended before 1 year of age to optimize

postsurgical ossification.

14.5 Operative Techniques
Surgical interventions for craniosynostosis aim at expanding

cranial volume to accommodate the growing brain as well as

normalizing overall head shape. The intervention is selected

based on patient age, suture synostosis pattern, and associated

syndromic deformities. All procedures are performed under gen-

eral anesthesia with an anesthesiologist familiar with pediatric

craniofacial surgery. Blood transfusion reduction strategies, such

as tranexamic acid, should be employed where possible.14 Even

with attempts to minimize transfusion rates, surgery should not

begin until blood products are available in the operating room.

Table 14.1 Additional exam findings associated with syndromic craniosynostosis

Syndrome Suture fusion pattern Facial appearance Upper extremity features Lower extremity features

Crouzon Bicoronal Maxillary hypoplasia with

relative mandibular

prognathism, exorbitism,

hypertelorism

Normal Normal

Apert Bicoronal Midface retrusion,

exorbitism, hypertelorism

Complex syndactyly,

radiohumeral fusion

Complex syndactyly

Pfeiffer Multisuture, variable Midface retrusion,

exorbitism, hypertelorism

Broad thumb with medial

deviation, possible

brachydactyly

Broad great toes with

medial deviation, possible

brachydactyly

Saethre-Chotzen Unilateral or bilateral

coronal

Bilateral upper lid ptosis,

low hairline, prominent

superior transverse crus of

the helix, rare midface

retrusion

Simple partial syndactyly of

the second and third web

spaces

Simple partial syndactyly of

the second and third web

spaces

Muenke Unilateral or bilateral

coronal

No midface retrusion Brachydactyly, possible

carpal fusion

Broad great toes, possible

tarsal fusion
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14.5.1 Strip Craniectomy

A strip craniectomy may be performed through a full coronal

approach, partial coronal incision, or multiple endoscopic

access incisions (▶ Fig. 14.3). This technique is most commonly

utilized for single suture, nonsyndromic craniosynostosis

involving the sagittal suture. For sagittal synostosis, strip cra-

niectomy is most effective in a patient younger than 4 to 6

months and in conjunction with postoperative helmet shaping

therapy for 4 to 6 months. Strip craniectomy relies on the mal-

leability of the cranial vault to respond to postoperative helmet

therapy. The older the child, the thicker and less malleable the

cranial bone, making the child not a candidate for the proce-

dure after 4 to 6 months of age. This makes prompt referral to a

craniofacial surgeon imperative if this is to be considered as a

treatment option. A craniofacial surgeon and neurosurgeon

typically work together to complete the operation, although in

some centers the neurosurgeon may perform it alone.

The patient is placed in the supine position on a neurosurgi-

cal head rest. Foley catheter, arterial line, and intravenous

access are placed. Local anesthetic containing epinephrine is

injected along the incision, and then skin is incised. The skin

and subcutaneous tissue are undermined as one flap from the

periosteum. The area undermined extends a few centimeters

beyond the synostotic suture to be removed. The craniectomy is

marked. For the sagittal suture, this is approximately 2 to 4 cm

in width extending to the anterior and posterior fontanelles.

The periosteum is cautiously incised along these markings and

undermined from the calvarium. Craniotomy is performed with

a burr at the four corners of the desired craniectomy. A curved

elevator is gently used to dissect the dura from the inner sur-

face of the calvarium along the craniectomy markings. Extreme

caution must be taken near midline as the sagittal sinus may be

tethered or partially encased in bone. Rupture of the sagittal

sinus can result in significant rapid blood loss that can be fatal.

If the sagittal sinus is entered, digital pressure is applied, anes-

thesia is notified to mobilize blood products, and the cranial

vault exposure is widened to access the area of bleeding.

After craniotomy is complete, the craniectomy is performed

along the previous markings using a combination of cranio-

tome, Mayo scissors, and endoscope. The piece of bone is slowly

removed exposing the sagittal sinus. Barrel stave osteotomies

are performed at the left and right sides of the anterior and pos-

terior margins, abutting the fontanelles. These osteotomies are

triangular with the apex oriented laterally. With postoperative

helmet therapy, these triangular excisions will assist in shorten-

ing the anteroposterior length of the cranium and rounding the

head shape. The triangles are marked, dissected, and removed

in similar fashion to the midline craniectomy. Sealants and

coagulative foam are placed along bony margins and the

exposed dural surface to assist in hemostasis. Incisions are

closed with absorbable suture in a layered fashion. There is no

need for a drain, as the dissection is limited.

14.5.2 Frontoorbital Advancement and
Anterior Cranial Vault Remodeling

Frontoorbital advancement and anterior cranial vault remodel-

ing are effective for addressing anterior cranial deformities and

asymmetry, such as often seen with metopic and unicoronal

synostosis. Frontoorbital advancement indicates removal of the

bandeau with a bifrontal craniotomy. Anterior cranial vault

remodeling indicates removal of the bandeau and bifrontal cra-

niotomy, as well as craniotomy posterior to the coronal suture

for partial removal of the bilateral parietal bones. Access and

technique are very similar, and thus, they are grouped together

in this section.

The patient is placed in the supine position on a neurosurgi-

cal head rest. Foley catheter, arterial line, and intravenous

access are placed. A bicoronal access incision is marked and

injected with local anesthetic containing epinephrine. After

vasoconstrictive effect is obtained, the coronal incision is made.

The anterior and posterior cranial flaps are dissected either in

the supraperiosteal or subperiosteal plane. If supraperiosteal

dissection is performed, subperiosteal dissection is done next,

and the pericranial flaps and temporalis muscles should be

resuspended with absorbable suture during closure.

Flaps are dissected subperiosteally to expose the orbital roof

and lateral orbital wall anteriorly, laterally to the level of the

squamosal suture or beneath a temporal bulge deformity, and

posteriorly as far as necessary to address the cranial deformity.

The bandeau is marked, keeping a minimum of 12 to 15mm of

width at all points to prevent fracture with handling and

removal (▶ Fig. 14.4). The lateral tenon of the bandeau extends

from the superolateral orbits posteriorly several centimeters to

provide room for anchoring the advancement later in the

procedure. Bifrontal craniotomy is marked with or without

Fig. 14.3 A preoperative view of a patient with

isolated sagittal synostosis. Endoscopic access

incisions are marked in preparation for the

endoscopic-assisted strip craniectomy. Note the

patient’s scaphocephalic head shape.
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inclusion of the parietal bones. Neurosurgery will perform the

craniotomy using a burr and craniotome, first for the bifrontal

area, then for the bandeau. The frontal bones are saved in a

moist sponge or towel on the back table for replacement later.

With the frontal bones removed, the bandeau is dissected free

along the anterior and lateral intracranial surface, to allow safe,

gentle brain retraction during osteotomies. A reciprocating saw

is used to cut extracranially from the zygomaticofrontal suture

to the temporal tenon area. A reciprocating saw or side-cutting

burr is next used to cut intracranially from mid orbital roof lat-

erally in order to connect with the first osteotomy (▶ Fig. 14.5).

Then an intracranial cut is made from the mid orbital roof

medially to reach midline. All osteotomies are performed under

direct visualization and with cautious retraction of both

Fig. 14.4 An intraoperative view of frontal orbital

advancement in a patient with bicoronal

synostosis. The bandeau and bifrontal craniotomy

are marked.

Fig. 14.5 The bandeau is being removed with

careful intracranial and extracranial retraction,

lateral view. The bifrontal craniotomy has already

been performed. (a) The zygomaticofrontal

osteotomy is performed, (b) followed by an

osteotomy of the mid orbit extending laterally.
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intracranial and extracranial structures. At midline, the cut is

positioned anterior to the cribriform plate. The same osteoto-

mies are performed on the contralateral side. The last cut is

made externally at midline above the nasofrontal suture and is

partial thickness to avoid the cribriform plate; this connects the

osteotomies of both sides. The bandeau is then digitally outfrac-

tured to complete the midline osteotomy and free the bandeau

as one piece.

On the back table, the bandeau is shaped into a symmetric

forehead contour, and the orbital apertures are rongeured for

symmetric size and shape (▶ Fig. 14.6). Its contour is secured

with resorbable plates and screws. If a temporal bulge is

present, this may be addressed by removing the convex bone

segment with a saw, turning over the bone segment, and

replacing it with the convex surface inward so that the external

surface is now concave. The bandeau is inset with resorbable

sutures through drill holes at the nasofrontal osteotomy and

bilateral zygomaticofrontal sutures to stabilize the desired con-

tour. Resorbable plates are used at regular intervals to finalize

its position. The anterior vault is inset, cutting as needed, to use

the optimal curvature for forehead reconstruction. The remain-

ing pieces are fit accordingly and are secured with resorbable

plates and screws. As the cranial volume is increased, gaps

between bone segments are anticipated. The gaps are mini-

mized and distributed as much as possible, while avoiding gaps

in non–hair-bearing areas (e.g., the forehead). The vast majority

of gaps ossify in this age group before 5 years of age, and those

that do not, may be addressed by cranioplasty.

Pericranial flaps and temporalis muscles are resuspended

with resorbable suture. A drain is typically placed. The galea is

closed followed by skin, using resorbable suture.

14.5.3 Posterior Cranial Vault
Remodeling

Remodeling of the posterior cranial vault is performed to

address asymmetry or deformity of the posterior cranium, such

as that seen with lambdoid synostosis. It may also be performed

to increase calvarial volume, although this may be more effec-

tively accomplished by posterior vault distraction or total cra-

nial vault remodeling, to be discussed in subsequent sections.

For posterior cranial vault remodeling, Foley catheter, arterial

line, and intravenous access are placed with the patient in the

supine position. The patient is then transferred to the prone

position on a neurosurgical head rest. Incision and exposure are

performed similarly to an anterior cranial vault remodeling

using a bicoronal approach. The dissection focuses over the area

of deformity and planned craniotomy, which usually extends

anteriorly to the temporal high point in front of the coronal

sutures and posteriorly to the superior nuchal line. If pericranial

flaps are separately dissected, an “H” incision may be used to

preserve large anteriorly and posteriorly based flaps.

Once the craniotomy is marked by the craniofacial surgeon, it

is carried out by the neurosurgeon. The occipital bone is posi-

tioned to expand any flattened areas and improve skull height.

The occipital bone is cut and reshaped as needed to optimize

contour. The bone may be split into inner and outer table seg-

ments to increase available bone coverage. All bone segments

are secured with resorbable hardware. The pericranial flaps and

temporalis muscles are resuspended with absorbable suture. A

drain is placed. The incision is closed in layers, galeal then skin,

with resorbable suture.

14.5.4 Total Cranial Vault Remodeling

Remodeling of the total cranial vault combines the anterior cra-

nial vault remodeling and posterior vault remodeling. It is uti-

lized in patients with deformities of the entire cranium or if

significant volume increase is desired, as in cases with elevated

intracranial pressure. In order to fully address the anterior and

posterior cranium, a position change is normally required

between prone and supine positions, unless adequate exposure

can be obtained through the sniffing position. The authors’ pref-

erence is to start prone and then change to supine to complete

the operation. Some practitioners prefer to perform anterior

cranial vault and posterior cranial vault remodeling separately

Fig. 14.6 (a) An asymmetric bandeau of a patient with unicoronal synostosis is reshaped in preparation for (b) inset. Note the resorbable plates

securing the newly molded contour of the bandeau.
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as staged procedures, rather than a total cranial vault remodel-

ing in one operation.

Foley catheter, arterial line, and intravenous access are placed

with the patient in the supine position. The patient is then trans-

ferred to the prone position on a neurosurgical head rest. Inci-

sion and exposure are performed similarly to previously

described techniques using a bicoronal approach. Focus is first on

the posterior vault, with dissection to the superior nuchal line

and anteriorly to the coronal sutures. Craniotomy is marked, tak-

ing into account the position of the sagittal sinus. The neurosur-

geon performs the craniotomy. The posterior vault bone

segments are cut and contoured to optimize the position, shape,

and intracranial volume (▶ Fig. 14.7). The segments are secured

with resorbable fixation. The pericranial flaps are resuspended,

and the incision is temporarily closed with running nylon.

The patient is turned to the supine position, and they are

again prepped and draped. The nylon suture is removed. Dis-

section proceeds anteriorly as with a frontoorbital advance-

ment. The bifrontal craniotomy and bandeau are marked

similar to a frontoorbital advancement. The neurosurgeon per-

forms the bifrontal craniotomy, and the craniofacial surgeon

removes the bandeau. The bandeau and orbital apertures are

contoured. The bandeau is then replaced with sutures and

resorbable hardware as in a frontoorbital advancement. The

pericranial flaps and temporalis muscles are resuspended. A

drain is placed. The galea and skin are closed as separate layers

with absorbable suture.

14.5.5 Posterior Vault Distraction

In patients with brachycephaly, turricephaly, or elevated intra-

cranial pressure, posterior vault distraction may be employed

to lengthen the calvarium relative to skull height and increase

intracranial volume. Underlying diagnoses typically include

bicoronal synostosis or multisuture synostosis, both syndromic

and nonsyndromic. Often in syndromic patients, posterior vault

distraction is done first with plans to perform a frontal

advancement procedure later.

Foley catheter, arterial line, and intravenous access are placed

with the patient in the supine position. The patient is then

transferred to the prone position on a neurosurgical head rest.

Incision and exposure are performed similarly to previously

described techniques using a bicoronal approach. Dissection

proceeds to expose the intended osteotomies, no further poste-

riorly than the superior nuchal line. The osteotomies generally

are posterior to the coronal suture and then connect with a

transverse osteotomy just above the superior nuchal line. Two

internal distractors are placed parallel to each other at the lat-

eral aspect of the parietal bones, and they are aimed to distract

the occipital segment posteriorly and slightly inferiorly. The

distractors are secured according to the manufacturer’s

directions. A separate stab incision is made for the distractor

arm to exit the skin anteriorly to the coronal incision. The

incision is then approximated with absorbable suture, galea

then skin. Activating arms are attached to the internal dis-

tractors. At our institutions, activation begins the morning

after placement, turning 0.5mm twice daily or 0.3mm three

times daily until desired distraction is reached. The patient

is monitored with lateral skull radiographs as needed

(▶ Fig. 14.8). The activation arms are removed once distrac-

tion is complete, and consolidation lasts 6 to 8 weeks. After

consolidation, the internal distractors are removed in the

operating room through a limited opening and dissection of

the original approach.

Fig. 14.7 Total cranial vault reconstruction is

performed on a patient with sagittal synostosis.

(a) Intraoperative exposure of cranium is followed

by (b,c) removal of the cranial bones and

replacement in an optimized arrangement that

increased intracranial volume and improves

aesthetic appearance.
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14.6 Postoperative Care
With the procedure complete, the hair is washed with shampoo

and conditioner. Antibiotic ointment is placed along the inci-

sion. A head wrap or dressing is not necessary. If a dressing is

desired, it should be well-padded, loosely placed, and removed

the day after surgery to minimize the risk of skin compromise.

Patients are monitored at least one night in the intensive care

unit. Most meet criteria for transfer to the floor on postoperati-

ve day 1 in our experience. Diet is advanced from clears to reg-

ular as tolerated. The activity of the patient is not restricted,

and caregivers can hold their child immediately after surgery.

Drains are typically removed on postoperative day 1 or 2, unless

persistently draining a significant amount. Fluid should be

monitored for appearance to ensure cerebrospinal fluid is not

being suctioned by the drain, especially if a dural tear was

encountered intraoperatively. Perioperative antibiotics are

administered for 24 hours after surgery.

Wound care consists of cleaning with cotton swabs and nor-

mal saline to remove dried blood and exudate twice daily, fol-

lowed by application of antibiotic ointment. This should be

continued by caregivers at home after discharge. Once dis-

charged, patients may be bathed including the surgical site, as

long as the surgical site is not submerged underwater.

Caregivers should be counseled to expect significant periorbi-

tal and facial edema postoperatively. Often the eyes are unable

to be seen on postoperative day 2 or 3 due to the edema. After

this begins to recede and patients can see, oral intake generally

improves, and the patient is ready for discharge. Oral intake

must be at baseline or nearly at baseline prior to discharge.

Typically patients return to their baseline energy level 2 to 4

weeks after surgery, although their nighttime sleep schedule

may be disrupted for several months. The palpable soft spots

indicative of gaps between bone segments slowly heal over sub-

sequent months to years. Cranioplasty to repair the gaps is con-

sidered if they are not healed by 5 years of age. If gaps are

substantially large, a protective helmet may be considered as the

child becomes more mobile, until cranioplasty is performed.

14.7 Outcomes
Blood loss and subsequent coagulopathies drive immediate

postoperative concerns. Strategies to reduce blood loss should

be emphasized, such as meticulous hemostasis and tranexamic

acid administration.14 Transfusion rates vary widely depending

on institution protocols, with open procedures generally

reporting a higher transfusion rate than endoscopic procedures.

Infection rates reported by a recent large database assessment

were 0.2 to 0.8%, whereas smaller studies in the literature

report infection rates as high as 7.5%.15,16

The neurodevelopment of children with craniosynostosis has

been of concern for some time. While intervention aims to

improve long-term cognition and psychosocial well-being, data

are inconclusive as to what optimizes these outcomes. Con-

versely, data are clear that children with syndromic craniosy-

nostosis have poorer outcomes than those with nonsyndromic

craniosynostosis, and multisuture craniosynostosis portends a

worse outcome than single suture craniosynostosis.17,18,19,20

The rate of revision surgery is influenced by the age of cranial

vault remodeling in syndromic and nonsyndromic craniosynos-

tosis. There is an increased risk of major revision (e.g., repeat of

the original operation) if the patient is younger than 6 months,

with either syndromic or nonsyndromic craniosynostosis.21,22

While there is an increased risk of minor revision in syndromic

patients older than 9 months and nonsyndromic patients older

than 6 months.21,22

14.8 Review Questions

14.8.1 True or False

1. Posterior plagiocephaly is more common than

craniosynostosis.

2. Virchow’s law dictates that when premature suture fusion

occurs, growth of the skull is typically restricted parallel to

the fused suture and enhanced in a plane perpendicular to it.

14.8.2 Choose the Best Answer

3. Strip craniectomy for sagittal synostosis is best performed at

a) Greater than 6–9 months of age.

b) Generally less than 6 months of age.

c) Age is not an important factor in planning strip

craniectomy for sagittal synostosis.

4. The most common complications in craniosynostosis

corrective surgery include

a) Neurological damage, coagulopathy, subdural hematomas.

b) Hydrocephalus, dural tears, blood transfusion reactions.

c) Asymmetry, contour deformities, superficial wound

infections.

Fig. 14.8 A lateral skull radiograph demonstrating the completed

osteotomies and placement of the bilateral internal distractors.
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d) All of the above complications are equally common.

5. Elevated intracranial pressure is associated with

a) Developmental delay.

b) Headaches.

c) Vomiting.

d) Increased fussiness.

e) All of the above.

14.8.3 Answers

1. True.

2. False. Virchow’s law dictates that when premature suture

fusion occurs, growth of the skull is typically restricted

perpendicular to the fused suture and enhanced in a plane

parallel to it.

3. b. Generally less than 6 months of age.

4. c. Asymmetry, contour deformities, superficial wound

infections.

5. e. All of the above.
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15 Ear Reconstruction and Otoplasty
Stephanie Suprenant, Ruston Sanchez, and Timothy W. King

Abstract

This chapter examines the anatomy of the ear and suggests

treatment options when there are significant variations or

deformities in development, size, position, and shape. Each of

the three major design features—axis/position, proportions,

contour—are discussed. Preoperative surgical preparations are

detailed, and the pioneering techniques of Radford Chapple

Tanzer, Burt Brent, Satoru Nagata, and Françoise Firmin are dis-

cussed. The alternative ear reconstruction approach known as

alloplastic reconstruction is covered, and paragraphs are dedi-

cated to the ear variations/deformities known as constricted

ears, prominent ears, cryptotia, Stahl’s ear, and question mark

ear. Guidelines for postoperative care and outcomes concludes

the chapter.

Keywords: microtia, macrotia, constricted ears, prominent ears,

cryptotia, Stahl’s ear, shell ear, question mark ear

15.1 Goals and Objectives
● Review the anatomy of the ear in regard to normal

development, size, position, and shape.
● Appreciate the rationale for surgical timing and when to

operate to maximize outcomes.
● Review the various surgical techniques available for ear

reconstruction for both microtia as well as ear deformities.

15.2 Patient Presentation
The patient with a malformed, misformed, deformed, or absent

ear presents early in life. As a generality, the greater the

deformity, the earlier the presentation due to parent concern.

Most abnormalities of the external ear occur as a lone abnor-

mality, but others are syndromic, such as that which occurs

with Treacher Collins syndrome. Overall presentation and deci-

sions regarding treatment will depend on multiple factors. Ear

reconstruction surgery is predicated on a sound understanding

of normal ear development and anatomy.

15.3 Ear Embryology and
Development
Malformations of the auricle occur in approximately 1 out of

12,500 births, and these deformities can occur in isolation or in

association with genetically determined syndromes.1 The

embryologic origin of the middle and external ear differs from

that of the inner ear, leading to conductive but not sensorineu-

ral hearing loss in association with auricular deformities. The

auricle develops from the first and second branchial arches,

which form six auricular hillocks that later fuse to form the

external ear. Dysmorphogenesis occurs between the fourth and

twelfth weeks of embryonic life. By week 20, development is

complete and there is no further development after birth.2

Growth of the ear occurs rapidly in the early years, reaching

85% of final adult size by 3 years of age. The distance from the

ear to the scalp and the ear width vary little after 10 years. The

remaining 15% of vertical height will be complete by age 20

years. Further small increases with advancing age are due to

elongation of the lobule.3,4,5

15.4 Ear Anatomy
At its most basic, the ear is a multicontoured cartilage flap cov-

ered by closely adherent thin skin which protrudes from the

head and is positioned within narrow limits relative to the adja-

cent structures. Refer to ▶ Fig. 15.1 for a depiction of the normal

ear, its parts, and its proportions as described by Tolleth.6,7

When considering the basic anatomical elements of the ear, it

becomes evident that there are three main design features to

consider when performing an otoplasty—axis/position, propor-

tions, and contour.

15.4.1 Axis and Position

The axis of the ear is defined as the line of balance through the

long dimension of the ear. An inclination of 15 to 30 degrees

from the vertical is acceptable with 20 degrees being optimal.

The most important aspect of this measurement is that the ear

tends to incline posteriorly on visual inspection. With regard to

position, the distance of the ear from the orbit should be

roughly one ear length posterior from the lateral orbital rim or

approximately 6.5 to 7.5 cm. The level of the superior aspect of

the helix correlates with the brow, and the inferior aspect of the

lobule correlates with the base of the columella. These positions

are depicted in ▶ Fig. 15.2.

15.4.2 Proportions and Protrusion

The ear varies in height from 5.5 to 6.5 cm. Width varies from

3.0 to 4.5 cm or 30 to 60% of the height. Protrusion from the

scalp to the superior helix is approximately 1.5 to 2.0 cm.

15.4.3 Contour

The most noticeable portion of the external ear is the helix,

which frames the pinna. The root of the helix begins in the con-

cha, and it then travels in an arc to end at the lobule. At its ori-

gin, the helix is wide and gradually narrows as it approaches

the lobule. Additionally, the helix transitions from having an

overhanging curled portion to become more tubular at the mid-

point of the ear. The antihelix begins as a narrow and tightly

constricted structure inferiorly and then splits into a smaller,

sharp-edged, inferior (anterior) crus and a broader, rounded,

superior (posterior) crus. The area between the inferior and

superior crus is the fossa triangularis. The scapha is directly

posterior to the superior crus (Fig. 15.1).

The concha is triangular in shape and roughly measures

1.5 × 2.5 cm, with a width two-thirds its height. The tragus is a
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firm nodule anterior to the ear canal that is a congruent piece

of cartilage which becomes the intertragic notch and antitragus,

and then blends into the antihelix as it completes its inferior

arc. The lobule is a flap of soft fibroadipose tissue, which has

three common shapes: round, flat, and triangular. There are

varying degrees of attachment of the lobule, ranging from com-

pletely free to totally adherent.

Fig. 15.1 (a) The normal ear and its parts. (b) The normal ear and its proportions.

Fig. 15.2 The normal ear size and position.

Ear Anatomy
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15.5 Preparation for Surgery

15.5.1 Ethics, Motivation, and Timing
of Surgery

An ethical dilemma in ear reconstruction and otoplasty con-

cerns the timing of surgery. Families typically request early sur-

gical correction to avoid psychological and social trauma, but

the child is often not disturbed by the deformity during the

early childhood years.8 Furthermore, the ear is not at its full

adult size until later in childhood, making surgical correction at

a later age more optimal.9 Considerations on severity of the

malformation, ear growth, patient participation, and psycholog-

ical impact of the deformity all need to be discussed as a part of

the decision to proceed with surgery.10

The American Association of Plastic Surgeons were surveyed

and 57% responded that they delay otoplasty until age 5 years

or older due to the following reasons: near adult size of ear,

greater patient cooperation, increased peer ridicule, decreased

need for general anesthesia, greater patient self-image, and tra-

ditional teachings.11 A similar survey was sent to members of

the British Association of Plastic Surgeons and 79% believed that

children should be older than 6 years at the time of otoplasty.8

Gosain et al reviewed their patients undergoing otoplasty

before the age of 4 years and found that there was no growth

restriction when comparing the native normal ear and the

reconstructed ear.11 All of the families in this study stated that

they would choose to pursue surgery before the age of 4 years

again. Tanzer and Brent found that their reconstructed ears

grew with their patients regardless of the age at which surgery

was performed. On the other end of the spectrum, Bauer transi-

tioned from reconstructing ears at age 5 to waiting until age 10

due to having sufficient donor cartilage and a lack of psycholog-

ical impact with greater patient participation.12

The only prospective trial to research the impact of timing on

ear reconstruction was performed by Bradbury et al in 1992.13

They found that there was a wide disparity of the age of ear

self-consciousness from 4 to 13 years. Patient motivation for

surgery was primarily due to psychological and social distress

followed by aesthetic concerns and anticipated problems by

parents. Levels of teasing were higher in otoplasty patients than

control children until age 13 when the levels equalized,

although all reported teasing levels were high. There were no

correlations between patients, parents, or an independent

panel on the degree of observed ear prominence. There was no

correlation with severity of deformity and degree of satisfac-

tion. Postoperative interviews revealed that 63% of patients

were happier, but only 13% reported improved social circum-

stances, which led to a significant difference between social and

emotional outcomes.

15.5.2 Antimicrobial Considerations
and Intraoperative Preparation

While practice patterns during the perioperative period vary

greatly, it is generally accepted that at a minimum, a prophylac-

tic dose of intraoperative antibiotics should be given prior to

otoplasty or ear reconstruction.12 When considering ear recon-

struction, there is a significant association with patent external

auditory canals (EAC) and risk of infection.14 For this reason,

strict operative cleansing of the EAC and treatment based on

swab cultures are recommended. This intervention seeks to

prevent complications of infection, cartilage exposure, surgical

debridement, and loss of graft. The operative field is prepared

with Betadine and the head is draped in a fashion to allow visu-

alization of both ears. This is beneficial when making correc-

tions in position or symmetry to the contralateral ear.

15.6 Treatment
When discussing a topic as broad as ear reconstruction and oto-

plasty, there are many different approaches that one can take.

Often, the most memorable approach is to tell the stories of

those who most greatly contributed to the topic. There are four

key characters in the story of otoplasty, and they all serve

unique roles to fully explain the evolution of this technique.

The first major character is Radford Chapple Tanzer, MD, the

professor; the second is Burt Brent, MD, the artist; the third is

Satoru Nagata, MD, PhD, the engineer; and the fourth is

Françoise Firmin, MD, the surgeon.15 All of these individuals

have added their own contribution to the study of otoplasty

and ear reconstruction, but they have also demonstrated that

the fundamentals of ear embryology, anatomy, timing of sur-

gery, and perioperative considerations must be established

prior to undertaking this procedure. In this chapter, we will use

the story of these four individuals to describe the basics of ear

reconstruction for microtia, and will detail the use of otoplasty

for the most common auricular deformities.

15.7 Microtia

15.7.1 Radford Chapple Tanzer, MD
—“The Professor”

R.C. Tanzer saw his first microtia patient in 1951 and he

reports, “I spent one year just thinking about the problem with

paper and pencil. I finally used a 6-stage procedure on the boy,

borrowing a flap of skin and bringing it up, with its own blood

supply, to make a total construction of an external ear.”16 He

clearly outlined the difficulties in producing a surgical substi-

tute for a missing ear: furnishing adequate skin of matching

quality, producing a framework that will remain permanently

inert, creating delicacy along with contour, and positioning the

restored ear properly to furnish a symmetric counterpart.17,18

His keys to success were simple. He advocated using an autol-

ogous cartilage framework, and recommended that soft tissue

used to supplement integument should be a free graft. Lastly,

he recommended that no visible scars should be created other

than those that are completely necessary. He followed four core

concepts. The first was that the ear is a structure composed of

four separate planes at right angles to each other: conchal floor,

conchal wall, antihelix scapha complex, and the helix. The sec-

ond concept was to use a central incision in the conchal region

as opposed to a peripheral helical rim incision. The third was to

understand the limited supply of available cartilage in a pedia-

tric patient in which to form a framework. The fourth concept

was to form a tragus from rolling tissue from the conchal floor

onto itself.17
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His initial six-stage procedure evolved into the following

four-stage procedure19,20,21,22,23,24,25:

1. A contour pattern of the normal ear is made from X-ray film

and reversed. The lobule is put into a transversely oriented

pattern based on an inferior pedicle.

2. Two months later, rib cartilage is harvested from the sixth

and seventh ribs en bloc and the eighth rib separately. The

contour pattern is applied to the sixth and seventh ribs and a

base block is carved. The helical rim is carved out of the

eighth rib and secured to the block with steel wire sutures.

The framework is then placed into an undermined pocket

with an incision at the former vertical lobular incision.

Mattress sutures are placed to enforce the entire frameworks

along with the helical sulcus and conchal wall. A full-

thickness skin graft may be needed for the conchal floor.

3. After 3 months, the posterior aspect of the framework is

elevated and a thick-split thickness skin graft is placed from

the thigh. A packing dressing in applied to reinforce the

sulcus.

4. One month later, conchal and tragal reconstruction is

performed. A U-shaped flap from the conchal floor is rolled

onto itself to make the tragus and a full-thickness skin graft

from the opposite inferior auriculocephalic sulcus is secured

into the conchal floor defect.

15.7.2 Burt Brent, MD—“The Artist”

Burt Brent furthered the field of ear reconstruction by first clas-

sifying microtia into classic and atypical deformities while pro-

viding an artist’s insight into reconstruction.26,27 In the classic

deformity, the vestige is a sausage-shaped appendage with a rel-

atively normal but displaced earlobe.28 Atypical microtia deform-

ities were diverse, and were typically addressed on an individual

basis for surgical planning.29 However, for the classic microtia

deformity, he used the following stages of reconstruction28:

1. Creation and implantation of the rib cartilage graft. An X-ray

pattern is made of the normal ear, reversed, and made

several millimeters smaller to accommodate for thickness of

the skin. The position is marked from comparing the height

of the contralateral ear and in a parallel line to the nasal

bridge. Cartilage is harvested as Tanzer described from the

contralateral sixth to eighth ribs. An incision is made

anterior to the vestige, all vestigial cartilage is removed, and

a pocket is undermined just deep to the subdermal plexus. A

suction drain is placed under the framework and replaces

mattress sutures.

2. Transposition of the lobule. This can be performed on an

outpatient basis as early as 6 weeks after the first stage of

reconstruction.

3. Tragus reconstruction, conchal excavation, and simultaneous

contralateral otoplasty. Taking a cartilage-containing

composite graft from the contralateral auricle creates a more

delicate tragus reconstruction and can often aid in reduction

of the contralateral ear.

Further surgery is sought only based on patient’s desire. If auric-

ular projection has not been achieved by exaggerating the frame-

work’s height, the framework can be elevated and skin grafted to

create an auriculocephalic sulcus. Helical definition is accom-

plished by excising a deep wedge of scar tissue and cartilage

from an incision in the helical sulcus. The closed incision is com-

pressed with mattress sutures and bolsters behind the ear.

Skin Coverage

Although there has been an emphasis on formation of a meticu-

lous auricular framework, the quality and quantity of available

skin is equally important to a successful ear reconstruction. This

problem most commonly arises in cases where prior surgery

has been performed and inelastic scars have been created, mak-

ing helical projection impossible. One technique to correct this

problem is to remove the former framework and place an

expander. After inflation, the expander can be removed and the

new framework placed. This will result in a thick capsule, which

requires another procedure for sulcus deepening.29 A second

technique is the use of a temporoparietal fascial flap that can be

placed over the cartilage framework and skin grafted.30,31,32

Low hairlines are associated with previously reconstructed

ears, acquired traumatic deformities, and almost always in the

case of anotia. Brent dealt with this problem by excising the

unwanted hair-bearing skin, immediately placing a framework,

covering with a temporoparietal flap, and covering with a skin

graft. Anotia, or the lack of any residual vestige, presents the

challenges of a low hairline, shortage of skin, and absence of an

earlobe. Anotia is treated as previously described with a tem-

poroparietal flap and the unique addition of a lobule compo-

nent to the cartilage framework. The earlobe portion is then

elevated as a secondary procedure.29

Furrowed, Pitted, or Grooved Microtic
Vestige

It is tempting to incorporate a furrowed, pitted, or grooved ves-

tige into the reconstruction. However, this produces an unnatural

result with an obvious line of demarcation. These vestiges should

either be discarded or modified into a classic microtia vestige

prior to initial framework insertion. The remainder of recon-

struction can proceed as previously described in classic cases.29

Microtia with Conchal Remnant

A conchal remnant can sometimes be used in the reconstruc-

tion and saves a step of conchal formation. However, this rem-

nant often causes constriction and prevents the use of the

standard preauricular incision for framework insertion. This

reduces the amount of skin to cover the cartilage framework.

Since there is such a variety of presentation, each case must be

assessed individually and parts discarded or incorporated

depending on their value.29

15.7.3 Satoru Nagata, MD, PhD—“The
Engineer”

Nagata defined five types of microtia based on the surgical

technique for each deformity.33,34 In the anotia type, the exter-

nal ear is completely absent. The lobule type presents with a

variable cartilage remnant, vertically oriented lobule, no acous-

tic meatus, no concha, and no tragus. A third type, large con-

chal, is attributed with the presence of a lobule, tragus,

intertragal notch, concha (with or without acoustic meatus),

Microtia
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and with varying deformities of the upper pole of the auricle.

The small conchal type is the lobule type but with a small

indentation in the conchal bowl. The last classification is the

atypical type, which includes all other deformities which do not

fit into other categories.

Nagata’s technique for ear reconstruction involves a two-

stage procedure with the first being fabrication and grafting of

a three-dimensional costal cartilage framework and the second

being ear elevation.

Harvest of Costal Cartilage for Auricular
Reconstruction

In an attempt to correct chest wall deformities, Nagata changed

his practice to minimize the amount of cartilage harvested and

improve the technique used in harvesting, leading to fewer

deformities and complications.33,35,36 He described an ipsilateral

9-cm transverse incision over the seventh rib. He then dissected

the external oblique and rectus abdominis fascia from each

other in a longitudinal fashion to expose the perichondrium of

the sixth through ninth costal cartilages. A central incision is

made with a scalpel over each costal cartilage to elevate the

perichondrium while not incising the costal cartilage. A peri-

chondrial elevator is then used to incise the cartilage, with a

Doyen rib elevator used concurrently as an intrathoracic protec-

tor. An incision is made medial to the costochondral junction.

Costal cartilages 6 and 7 are harvested en bloc with 8 and 9har-

vested separately. A leak test is performed to ensure there is no

pneumothorax and a layered closure is performed with 4–0

and 5–0 nylon suture. Unused cartilage is cut into 2- to 3-mm

blocks and placed back into the cartilage harvest site with

securing perichondral sutures. A Penrose drain is left deep to

the muscle closure and intercostal nerve blocks provide anes-

thesia. In their review of patients, it was noted that there were

no chest wall deformities and that cartilage regenerated. The

steps for cartilage harvest are demonstrated in ▶ Fig. 15.3 and

the modifications of ear reconstruction based on each unique

microtia type are demonstrated in ▶ Fig. 15.4.

Modification of Framework for Lobule-Type
Microtia

Nagata transitioned from using a V-shaped incision described

by Tanzer to a large W-shaped incision over the posterior

aspect of the lobule. Tanzer’s anterior lobule incision of a

straight oblique line was modified to a curvilinear vertical inci-

sion with a circular component at the base. The one piece

three-dimensional framework was made in two layers with a

base frame and a second layer forming the crus helicis, helix,

superior crus, inferior crus, antihelix, antitragus, incisura inter-

tragica, and tragus secured on top with nonexposed wire

suture. These modifications eliminated the need for skin graft-

ing at the first stage, created better contour definition, and built

in tragal reconstruction into the first stage.37

Modification of Framework for Concha-Type
Microtia

While concha-type microtia seems to be a more simple deform-

ity to correct, it presents unique challenges by incorporating

the remnant cartilage into the three-dimensional framework in

a seamless fashion. A large W-shaped incision is made over the

Fig. 15.3 Nagata’s technique for cartilage harvest.
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posterior surface along with curvilinear and circular incision

anteriorly much like that made in lobule-type microtia. The

costal cartilage framework is a two-layer frame in which a base

frame is made and the antihelix, superior crus, inferior crus,

and helix are then attached. The crus helicis is extended to

reach the posterior aspect of the antihelix. Nagata became more

aggressive with excision of the remnant ear and conchal carti-

lages. At his final modification, he removed portions of the pos-

terior conchal cartilage, antihelix, anterior antitragus, and all of

the remnant ear cartilage.38

Modification of Framework for Small
Concha-Type Microtia

There is only a small difference between lobule type and small

type microtia, but there are major differences in their recon-

structions. Incisions are made identical to that described for the

previous two types of microtia. The three-dimensional cartilage

framework has two layers. The helix, antihelix, superior crus,

inferior crus, incisura intertragica, and tragus were all placed

on top of the base layer. The crus helicis was extended to attach

on the posterior surface of the antihelix. The remnant ear carti-

lage was removed in entirety.39

Second Stage: Ear Elevation, Fascial Flap, and
Skin Grafting

The posterior ear incision is made 5mm from the edge of the

helix. A costal cartilage graft is harvested and made into a con-

cave block with a height of 12mm. This block is grafted to the

posterior aspect of the three-dimensional framework with 4–0

nylon sutures. A temporoparietal fascia flap is then harvested

and used to cover the costal cartilage block. Three Penrose

drains are placed. A full-thickness skin graft from the groin had

been used to cover the fascial flap, but this was later replaced

with a split-thickness skin graft. This split-thickness skin graft

was elevated with a 15-blade scalpel from the posterior hair-

bearing scalp up to the level of Nagata’s original release incision

(at 5mm from the helical rim), where it is transitioned to a full-

thickness skin graft maintaining congruity.40,41,42

Fig. 15.4 Nagata’s technique for skin incision and

framework creation based on each microtia

classification.
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15.7.4 Françoise Firmin, MD—“The
Surgeon”

Firmin, an advocate for surgeon experience, studied with both

Brent and Nagata. She performed reconstructions with both

techniques and eventually blended these into her own

approach. She adopted a two-stage reconstruction. The first

stage is cartilage harvest, framework sculpture, and placement.

Firmin harvests ipsilateral sixth to ninth rib costal cartilages

from a 5-cm oblique incision. The anterior perichondrium is

harvested, but the posterior perichondrium is left intact with

no chest wall deformities. Intercostal blocks are performed and

no drains are left. Cartilage is banked for further stage of frame-

work elevation.43,44,45

Next, a three-dimensional framework is carved with a base

and pieces (antihelix, helix, and tragus–antitragus) attached

with stainless steel threads. A modification was the addition of

an extra piece of cartilage, behind the helix root and the tragus

to enhance anterior projection. Three classifications were made

based on the type of framework needed to correct the unique

microtia defect: type I (complete framework), type II (no

tragus), and type III (no tragus or antitragus). In addition, three

skin incisions were described based on the microtic remnants

and this is demonstrated in ▶ Fig. 15.5. Type I is a Z-plasty,

which allows for transposition of the lobule. Type II is a trans-

fixion incision with a backcut that re-creates the lobule. Type III

is a skin incision and only used in rare circumstances. Suction

drains are placed.43,44,45

The second stage of reconstruction involves creating a retroau-

ricular sulcus 6 months after the initial reconstruction. A poste-

rior incision is made along the surface of the framework and the

entire posterior surface of the framework is exposed. The banked

cartilage is then harvested and formed in a shape that resembles

the antihelix. This is then transfixed with wire sutures in three

planes. A temporoparietal fascia flap covers the cartilage and a

split-thickness skin graft from the scalp is then placed.43,44,45

Fig. 15.5 Firmin’s technique for skin incision and framework creation based on each microtia classification.
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15.8 Alloplastic Ear
Reconstruction
Reinisch and Lewin proposed and perfected an alternative

approach to ear reconstruction using a polyethylene or MED-

POR framework covered by a large temporoparietal fascia flap

and subgaleal fascia.46,47 They sought to eliminate the donor-

site morbidity from ear cartilage harvest, perform reconstruc-

tion at an earlier age, complete reconstruction in 1 stage, and

solve soft-tissue restrictions in autologous reconstruction. The

original polyethylene framework was welded in four main

areas, but based on fracture patterns, the two areas that were

the most common for fracture occurred between the two

welded areas. This was corrected by soldering additional poly-

ethylene into the areas at risk for fracture. This results in a one-

piece implant.

A temporoparietal flap is designed to include both the ante-

rior and posterior branches of the superficial temporal artery.

The flap is at least 11 cm wide by 12 cm in vertical length. Many

different approaches were initially used for harvest with Rein-

isch now using a mastoid incision along with a lighted retractor

and long, angled electrocautery.46 The subgaleal fascia is then

elevated to provide a two-layered flap. A drain is placed behind

the framework and a full-thickness skin graft is placed on the

subgaleal aspect of the covered framework. Complications were

dramatically improved with modification of the implant design,

transposition of a larger temporoparietal fascial flap to cover

the entire implant, and elevation of the subgaleal fascia with

the TPF flap.47

15.9 Macrotia
Macrotia is defined as an ear that has dimensions that exceed

the upper ranges of normal width or height.48,49 Excess tissue is

most commonly found in the upper third of the auricle. The ear

can also appear abnormally large if it encompasses more than

the middle third of the ear head. Rarely, the entire ear can be

large and in that case earlobe reduction can decrease size by

1.2 cm. Most commonly, patients present with a component of

macrotia and prominent ears and are candidates for reduction

otoplasty.48

Incisions are made in the retroauricular sulcus and inside the

helical rim on the lateral surface of the ear. The retroauricular

incision allows access to the concha and this technique will be

described in more detail later in the “Prominent Ears” section.

The lateral incision, inside the helical rim, extends through the

cartilage. A crescent-shaped segment of cartilage is removed

from the scaphal area. Mustardé mattress sutures can then be

placed between the concha, scapha, and triangular fossa areas

to define the upper auricle. Lastly, a wedge-shaped piece of hel-

ical rim is removed to match the reduced scapha. Scapha reduc-

tion alone can reduce the ear by 7mm.48

15.10 Constricted (Cup and Lop)
Ears
Tanzer was the first to classify the constricted ear, and he cre-

ated three groups and two subgroups.50 In group I, patients

have involvement of only the helix, which is folded on itself

along the superior rim causing a diminution in height. There

are a variety of treatment options depending on the severity of

the deformity. At the most simple, an incision is made 1 cm pos-

terior to the helical rim. The cartilage is completely exposed

while maintaining a medial segment attached. The deformed

cartilage is then relocated into an upright position as a banner

flap. Scoring can be done to add further curvature. The skin is

re-draped, closed, and mattress sutures are applied to reinforce

the helical sulcus. For more severe constrictions, a bipedicled D

flap can be used in an Antia-Buch advancement fashion to

restore contour and height.50

Group II anomalies involve the helix and scapha with further

division into two subgroups. Group IIA patients have a failure of

folding of the superior antihelical crus, which causes a tight-

ened purse string effect on the helical rim with the helix and

scapha rolling over like a hood. The soft tissue envelope is still

adequate to expand the helical margin. Treatment for group IIA

deformities are similar to that of group I anomalies. Three prin-

ciples guide correction—adjustment of the anterior helix, filet-

ing the deformed helix and scapha, and the floating cartilage

principle. The anterior helix can be mobilized and advanced

superiorly either with a Z-flap at the tip or with a V-Y advance-

ment. Tanzer modified the Ragnell technique to filet the

deformed helix and scapha. He created anterior and posterior

cartilage leaves which were rotated 180 degrees, like that of the

banner flap, and secured to each other to form the desired

increase in height. A strip of hooded cartilage can be mobilized

as a free segment and combined with scoring to increase auric-

ular height in the floating cartilage principle.50

Group IIB anomalies are a more severe cup deformity and

require the addition of supplemental skin to expand the helical

margin. There is a loss of folding involving the inferior crus,

superior crus, and body of the antihelix with pronounced hood-

ing and reduction in height. New skin can be introduced by

rotating a skin flap from the medial ear, rotating an inferiorly

based auriculocephalic skin flap, or introducing a wedge-

shaped composite graft from the opposite ear.50

Group III represents the most severe constriction in which

the auricle is in a tubular form. The anterior helix is close to the

lobule and the entire ear is low set. Stenosis of the external

auditory canal and deafness are associated with this deformity.

Treatment is focused on first placing the ear in the correct posi-

tion by elevating the ear using a V-Y advancement and tilting

back the ear to be parallel with the nasal bridge. The ear is then

completely opened at the tubular structure and set back to the

mastoid. The defect is usually the entire superior third of the

ear, which can be built up with conchal cartilage and covered

with an anteriorly based retroauricular skin flap.50

15.11 Prominent Ears
Prominent ears are one of the most common congenital

deformities of the head and neck, affecting 5% of the general

population. Prominent ears are those that deviate from the nor-

mal values described earlier. The three most common causes of

prominent ears are (1) underdeveloped antihelical fold, (2)

prominent concha, and (3) protruding earlobe. Thorne’s tech-

nique of otoplasty for prominent ears will be described as well

as his methods for evaluation.49,51
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An incision is made in the retroauricular sulcus and extends

to the medial surface of the earlobe. A small triangular piece of

lobular skin and tissue is removed to correct earlobe promi-

nence. At the end of the case, this area is closed with a bite of a

small piece of concha to pull the lobule toward the head.

To address the underdeveloped antihelical fold, Mustardé

sutures are placed like spokes on a wheel between the scapha

to the concha or triangular fossa.52,53 Needles can be used to

mark where mattress sutures should be placed and permanent

suture, such as 4–0 clear Nylon, should be used. Scoring has

been described in which the cartilage will bend away from the

scoring, but this is not necessary to be used.

Prominent concha can be addressed with two methods most

commonly used in combination. One is to resect concha at the

junction between the posterior wall and floor. This is a minimal

resection usually limited to 2mm. The other method places a

3–0 Nylon Furnas mattress suture between the concha and

mastoid to set back the ear.54 Refer to ▶ Fig. 15.6 for a demon-

stration of suture placement. The skin incision is then closed

with a 5–0 gut suture.

15.12 Cryptotia
Cryptotia is a congenital abnormality common in Asian popula-

tions in which the upper part of the retroauricular sulcus is

absent and the skin merges directly with the temporal region.

The buried part of the helix can be revealed with traction. If

there is a mild deformity, it can be treated conservatively before

the age of 2 years. For the more severe deformities or those

present past childhood, Nagata has described a combined Z-

plasty and advancement flap for his surgical technique.55

With the ear held in an extended position, the Z-flap is

designed. The anterior limb is 5 to 10mm anterior to the

ascending margin of the helix. Each limb is 1.5 to 2.0 cm long,

with wider flaps producing better results. Another incision is

used from the end of the posterior Z-limb onto the retroauricu-

lar skin to fully expose cartilage. Scissors are used to completely

separate the soft tissue from the buried cartilage. Depending on

the severity of cartilage deformity, parallel scores can be made

over the posterior aspect of the superior and inferior crus and

mattress sutures can be applied. The temporal and mastoid skin

is then advanced anteriorly and the Z-flap is rotated to cover

the posterior ear. The Z-flap donor site is closed in a straight

line.55

15.13 Stahl’s Ear
The Stahl ear deformity has a third crus or an abnormal bar of

cartilage extending from the antihelix to the helix at the junc-

tion between the upper and middle thirds of the ear. The third

crus is removed and this cartilage is used to augment the supe-

rior crus of the antihelix.49

15.14 Inadequate Helical Rim
(Shell Ear)
Shell ear is characterized by absence of a helical overhang. An

incision is made just inside the helical rim through the skin and

cartilage is usually enough to create helical definition. However,

if this does not adequately address the deformity, a wedge of

helical rim skin and cartilage can be removed to curl the helical

rim.49

15.15 Question Mark Ear
The question mark ear deformity is rare and can occur sponta-

neously or in an autosomal dominant fashion. It is character-

ized by a cleft between the lower part of the helix and the

earlobe that is due to an arrest of fusion between the fifth and

Fig. 15.6 Mustarde (scapha to concha) and

Furnas (concha to mastoid) sutures for correction

of prominent ears.
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sixth auricular hillocks. Ear reconstruction should be delayed

until after mandibular deficiency has been addressed. Surgery

reduces the size and prominence of the upper pole and corrects

the cleft. Cartilage deficiency is addressed by rib or contrala-

teral conchal cartilage grafts. Skin deficiency is corrected by a

V-Y flap from the posterior ear. A Z-plasty can be performed to

improve the notch.56

15.16 Postoperative Care
Some surgeons prescribe broad-spectrum oral antibiotics for

the first few postoperative days to decrease the risk of chondri-

tis, although no high-level evidence documents efficacy. Post-

operatively, the ear is packed with Vaseline gauze or Xeroform

and a bulky dressing is applied. Care is taken to not compress

the ear with a bandage since suction drains are already func-

tioning. These drains are usually removed on postoperative day

5. Sutures are removed at 1 week and bandages can be discon-

tinued after 2 weeks. Children return to school after 2 weeks

and can return to sports after approximately 5 weeks.12

15.17 Outcomes
The more complex the surgical procedure, the more likelihood

for complications. Immediate complications related to Tanzer’s

microtia reconstruction included exposure of cartilage, small

losses in skin grafts, ischemic changes from compression

sutures, extrusion of metal sutures, contour irregularities, pleu-

ral tears during cartilage harvest, and seromas of the abdominal

wall.20 Tanzer reviewed his work after 44 cases and found that

late complications were blurring of contours, metal suture

extrusion, and chest depression or hypertrophic scarring from

cartilage harvest.24 There was no extrusion of framework. In

addition, Tanzer found that the reconstructed framework grew

with the child and affirmed the established knowledge that ear

growth tapers after 10 years of age.20

Brent published a series of follow-up articles based on his

total 600, 1,000, and 1,200 cases to provide recommendations

based on outcomes.57,58,59 To prevent chest wall deformities, he

would leave a superior rim of sixth rib cartilage. In fabricating

the framework, he only used chisels and scalpels, while pre-

serving perichondrium when able. He secured the helical carti-

lage graft to the framework with a series of 4–0 and 5–0 clear

nylon sutures to avoid problems with wire suture extrusion. He

incorporated a tragal cartilage strut into the initial framework

to avoid another procedure. In older patients with rib cartilage

that is fused, the framework was carved from a single block of

cartilage and, only if needed, was the helix portion detached

and advanced for projection. For issues with a low hairline,

Brent evolved to pretreat the ideal hairline with laser hair

removal prior to the first stage of reconstruction. To create a

posterior auriculocephalic sulcus, the framework was elevated

and a wedge of rib graft was placed behind the ear and covered

with a turnover of occipitalis fascia. This cartilage is harvested

at the first stage and banked posteriorly to the framework

insertion site.

Outcomes for correction of existent, but abnormal, ears largely

depend on the severity of malformation. Complications include

overcorrection, sharp edges, unnatural contours, telephone

deformity, infection, and suture complications. Contours and

appearance are maximized by proper evaluation. Thorne sim-

plifies the evaluation of the ear deformity into thirds and

stresses that in order to achieve a natural look the ear must be

observed from all angles.51

Ear reconstruction and otoplasty both have a rich history,

with several prominent individuals contributing new ideas

aimed at eliminating complications and improving outcomes

for patients. It is essential to know the normal anatomy in order

to correct various abnormalities, whether for microtia or

acquired ear deformities. While many options exist for patients,

the goal, at its most basic, is to make an ear that looks right for

the right patient.15 With proper attention to detail inclusive of

preoperative evaluation, meticulous surgical technique, proper

timing, and technical selection, excellent results can be

achieved, providing a lifetime improvement for these patients.

15.18 Review Questions

15.18.1 Choose the Best Answer

1. Patients with congenital ear deformities

a) Usually have multiple facial deformities along with the ear

abnormality.

b) Most often have middle and inner ear problems with

hearing loss.

c) Present with a lone deformity, usually confined to the

pinna.

d) Usually have an autosomal dominant transmission.

2. Otoplasty surgery is usually done at age 5 years or later due

to

a) Ear is at near adult size by this age.

b) Patient can more readily cooperate with postoperative

care.

c) There is limited peer ridicule until school age, around 5

years.

d) Patients have greater awareness of appearance and self

image.

e) All of the above.

3. Total ear reconstruction for Microtia is

a) Performed prior to age 5 so as to avoid social ridicule.

b) Must be done when children are near teenage years since

the ear constructs do not grow if done at much younger

ages.

c) Most often a single stage procedure.

d) Done in older children to assure enough cartilage avail-

ability for the carves framework.

4. Total ear reconstruction for Microtia is

a) Performed prior to age 5 so as to avoid social ridicule.

b) Must be done when children are near teenage years since

the ear constructs do not grow if done at much younger

ages.

c) Most often a single stage procedure.

d) Done in older children to assure enough cartilage avail-

ability for the carves framework.

5. Prominent ears are

a) Usually due to under developed antihelical fold, a promi-

nent conchal bowl or protruding earlobe.

b) No matter the defect, prominent ears are surgically cor-

rected via conchal bowl resection.
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c) Antihelical fold creation is most often done by cartilage

resection and suture reshaping.

d) Scoring or rasping cartilage has no effect on cartilage

shape or bend.

15.18.2 Answers

1. Present with a lone deformity, usually confined to the pinna

(c).

2. All of the above (e).

3. Done in older children to assure enough cartilage availability

for the carves framework (d).

4. Performed prior to age 5 so as to avoid social ridicule (a).

5. Usually due to under developed antihelical fold, a prominent

conchal bowl or protruding earlobe (a).
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16 Nevi and Vascular Malformations
Christopher J.M. Brooks

Abstract

This chapter discusses the salient considerations involved in

determining the status and treatment of nevi (moles) and vas-

cular malformations. The ABCDE criteria for screening nevi and

determining possible malignancies are detailed. Guidelines for

excision and biopsy are reviewed, and special consideration is

given to giant congenital melanocytic nevi. Vascular malforma-

tions—including hemangioma, capillary, venous, lymphatic, and

arteriovenous malformations—are also addressed. Postopera-

tive care and outcome guidelines, including cosmetic considera-

tions, are reviewed.

Keywords: nevi, dysplastic nevus, atypical nevus, ABCDE,

giant congenital melanocytic nevi, vascular malformation,

hemangioma

16.1 Goals and Objectives
● Determine which nevi are suspicious and require excision or

biopsy.
● Understand the risks and treatment options for giant

congenital pigmented nevi.
● Appreciate the difference in presentation and typical course

of the subtypes of vascular malformation.
● Understand the treatment options available for each subtype.

16.2 Patient Presentation
Patients with nevi frequently present either on their own or

referred by another physician (primary care or dermatologist).

Frequently referred to colloquially in the United States as

“moles,” the term “nevus” encompasses a broad range of differ-

ent dermatologic findings. Typically, a nevus is a pigmented le-

sion on the skin which may or may not be raised and may or

may not be hair bearing. Most are benign, but some need to be

followed closely, biopsied or excised.

The standard benign pigmented nevus is called a melanocytic

nevus. These are typically small, brown, or black lesions with

smooth borders and even coloring. These lesions should be fol-

lowed over time and any change in the characteristics of that

lesion noted. There are risk factors which are determined based

on the appearance of the lesion which can determine its likeli-

hood to contain malignancy or progress to malignancy (mela-

noma). The acronym ABCDE has become a widely publicized

tool for screening nevi for the possibility of malignancy.

A: Asymmetry—one half is not like the other half.

B: Border—an irregular, scalloped, or poorly defined border.

C: Color—is varied from one area to another; has shades of

tan, brown or black; or is sometimes white, red, or blue.

D: Diameter—melanomas are usually greater than 6mm

(which is around the size of a pencil eraser) when diagnosed,

but they can be smaller.

E: Evolving—a skin lesion that looks different from the rest or

is changing in size, shape, or color.1

Those lesions that meet one or more of the ABCDE criteria

need further screening as that lesion may represent a dysplastic

nevus or melanoma. A dysplastic nevus, or atypical nevus, is

one that meets the clinical criteria above and may also have cel-

lular atypia on histologic examination. These dysplastic nevi are

usually benign and stable, but they are considered a risk for

transformation to melanoma.

Dysplastic nevi may occur singularly, or as part of a larger dis-

order known as dysplastic nevus syndrome or familial atypical

multiple mole melanoma syndrome (FAMMM). Patients with

this condition have had multiple dysplastic nevi and at least

one close relative who has had melanoma. These patients are at

increased risk of melanoma and need to be followed every 6

months to yearly by a dermatologist for complete examination,

total body photography, and dermoscopy.2

Aside from the ABCDE lesions, there are other types of nevi

which warrant consideration. A pigmented nevus which has a

surrounding ring of hypopigmentation is called a halo nevus

(▶ Fig. 16.1). The origins of these lesions is not understood, but

it is surmised that an immune response was responsible for the

involution of the pigmented area.3 The appearance of a halo

nevus should prompt an investigation looking for a primary

melanoma of the skin or the eye as these have been associated

with occult melanoma. Excision of these lesions is prompted by

the clinical history of melanoma, atypical appearance of the le-

sion (ABCDE), or presence of multiple other atypical nevi.4

A salmon-colored nevus usually located on the head and neck

area is called a nevus sebaceous (of Jadhasson; ▶ Fig. 16.2).

These lesions are present at birth and are flat. They typically

become raised and develop a rough surface around puberty.

Due to the risk for development of basal cell carcinoma, these

lesions have typically been excised before puberty. However,

studies have shown the incidence is less than 1%, so many are

now excised only for cosmetic reasons.5

Another type of nevus is a dome-shaped reddish or dark

brown papule typically found on the head and neck and some-

times the thigh. Termed a Spitz nevus, it is common in children

and rare in adults. Also known as “benign juvenile melanoma,”

these nevi were once thought to be a form of childhood mela-

noma, but are now known to be benign nevi. These lesions usu-

ally require close observation or excision due to observational

concern or confusion with melanoma. While there is no con-

sensus, simple excision is usually adequate with 5-mm margins

reserved for reexcision of pathologically atypical lesions.6

When children are born with very large pigmented nevi

(> 20 cm in adults or predicted to reach 20 cm in diameter by

adulthood. Or, 9 cm on an infant’s head or 6 cm on an infant’s

body), they are termed “giant congenital melanocytic nevi.”7

These lesions are often disfiguring and can be complicated by

malignant melanoma and neurocutaneous melanosis. While

these lesions are always present at birth, the extent of the lesion

may not be known at birth due to variable degrees of pigmenta-

tion at birth which may increase over time.4

Giant congenital melanocytic nevi most commonly occur on

the trunk (sometimes called bathing trunk nevi) (▶ Fig. 16.3)

followed by the extremities and then the head and neck.8
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Although at birth the lesions may be smooth and flat, over time

the appearance and texture may change. They often develop

prolific hair growth (1–2 years), a verrucous texture and varie-

gation in color (around 10 years).9 Most often there are also

associated satellite lesions which can be located distant to the

site of the main nevus. Children with leptomeningeal involve-

ment sometimes present with seizures.10

Typically, these giant lesions will expand in proportion to the

body’s growth. The changes to the characteristics of these

lesions need to be followed closely due to the risk of malignant

degeneration to cutaneous melanoma or even noncutaneous

melanoma (e.g., mucosa of gastrointestinal tract and retroperi-

toneum). The overall reported rate of malignant melanoma in

these patients has ranged from 1.8 to 45%.11 More recent stud-

ies have reported 2.8 to 8.5% with a lifetime risk of 6.3% and a

relative risk of 17. Fifty percent of the malignancies arise during

the first 3 years of life and 70% by puberty.12

16.2.1 Preparation for Surgery

Most often the patients who will require surgery for nevi will

be healthy. Age-related risk factors should be addressed as

usual. In general, aside from any prior biopsy results, no further

examination is warranted. The exception to this is in the

children who present with a giant congenital melanocytic

nevus and risk factors for neurocutaneous melanosis. These

children have greater than 20 satellite nevi and congenital mel-

anocytic nevi in a midline location over the trunk and calvaria.8,

13 This subgroup should be screened with MRI imaging of the

brain and spinal cord between 4 and 6 months of age. Those

with positive MRI imaging should be referred to neurosurgery,

but the treatment of the cutaneous nevi need not be delayed.12

16.3 Treatment
Pigmented lesions which meet the criteria for suspicion require

biopsy or excision. Anesthesia and location for the surgical exci-

sion is dependent on the patient’s age and comorbidities, as

well as the size and location of the lesion. Most young children

will require a general anesthesia in an appropriate operating

room setting with a pediatric anesthesia provider. Older chil-

dren and adults with small to medium size nevi can be excised

in an office or operating room with local anesthesia alone, local

anesthesia with sedation, or general anesthesia. Very large

lesions will probably necessitate general anesthesia. The author

typically also utilizes 0.25% bupivacaine with epinephrine

injected 7 or more minutes prior to incision to improve

Fig. 16.1 Example of halo nevus. (From Rocken M, Schaller M, Sattler

E, Burgdorf W. Color Atlas of Dermatology. New York, NY: Thieme;

2012:255.)

Fig. 16.2 Nevus sebaceus in the postauricular hairline. (From Rocken

M, Schaller M, Sattler E, Burgdorf W. Color Atlas of Dermatology. New

York, NY: Thieme; 2012:209.)
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intraoperative hemostasis and to assist with postoperative pain

control. Patients undergoing excision using local anesthesia

alone or in conjunction with sedation will receive a 50:50 mix-

ture of 0.25% bupivacaine with epinephrine and 1% lidocaine

with epinephrine at least 7minutes prior to incision.

Excision of these lesions needs to be full thickness. This is

most commonly done as a full-thickness excision with 0 to

2mm margins. A punch biopsy may be used if the punch incor-

porates the entire lesion. Very large lesions may be partially

excised with a multiple full-thickness punch biopsies or inci-

sional biopsies, but this introduces a significant amount of sam-

pling error and should therefore be avoided. Shave biopsies of

pigmented lesions are prohibited as this will destroy the crucial

information of invasive depth of the lesion should the nevus

turn out to be malignant. All excised tissue is sent for histologic

examination. The results of this examination will dictate the

need for any further excision.

For multiple reasons, giant congenital melanocytic nevi are

treated in early childhood (as early as age 6 months).14 The

rational for surgical excision is to decrease the risk of malignant

degeneration, aesthetic and psychosocial improvement, and to

improve the ability to screen the lesions. While some have

advocated the use of minimally invasive techniques to treat

these lesions (curettage, dermabrasion, chemical peeling,

lasers), none of these methods eliminates the risk of malignant

degeneration.12

Full-thickness excision of a giant congenital melanocytic

nevus is most often recommended in the plastic surgery litera-

ture. Given the sheer size of these lesions, excision and recon-

struction is often a challenge. Techniques include serial

excision, tissue expansion, skin grafting, local and regional

flaps, and free tissue transfer (▶ Fig. 16.4). A thorough discus-

sion with the patient and/or family is clearly required detailing

the risks and benefits for each of the procedures. Most often, if

an excision can be accomplished in three or fewer stages, then

serial excision with a minimum of 6-month intervals is recom-

mended.8 If four or more stages would be required, then tissue

expansion becomes the preferred choice. Tissue expander tech-

niques can be utilized to expand tissue for use as local, regional,

or even free flaps. With the success of tissue expansion, the use

of skin grafts, which often have suboptimal aesthetic results,

has become much less common.12

16.3.1 Postoperative Care

Postoperative care following excisional biopsy of atypical or

other nevi is minimal. The wounds generally are small and heal

quickly. The author most commonly utilizes dissolving suture

Fig. 16.3 Giant congenital melanocytic nevus of the posterior trunk

and upper buttocks. (From Rocken M, Schaller M, Sattler E, Burgdorf

W. Color Atlas of Dermatology. New York, NY: Thieme; 2012:255.)

Fig. 16.4 A 5-year-old boy with giant congenital hairy nevus

undergoing tissue expansion.
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and a skin adhesive as a dressing. This minimizes any necessary

wound care and allows the patient a rapid return to normal

bathing and other activities including swimming.

Following excision, patients need to be followed closely by a

dermatologist. The interval at which they need to be seen will

be determined by the diagnosis. Typically patients initially

should be followed at 6-month intervals unless the nevus

shows no atypia. Those with mild atypia are typically followed

clinically. Those with moderate or severe atypia are often reex-

cised with 2mm margins.

Postoperative care of the larger reconstructive endeavors

for the giant congenital melanocytic nevi will depend on the

procedure employed. These patients are frequently admitted

after surgery for pain control and flap monitoring if neces-

sary. Cases requiring placement of tissue expanders can be

sent home with the majority of the expansion taking place

as an outpatient—sometimes even at home by a responsible

family member.

16.3.2 Outcomes

In general, complete excision of dysplastic nevi and other

benign nevi will remove their malignant potential. Cosmetic

outcomes will vary by the location and quality of the scar.

Oncological outcomes of treatment of giant congenital

melanocytic nevi are related to the completeness of the exci-

sion and the degree of extracutaneous manifestation. Cos-

metic outcomes are related to the size and location of the

nevi, the techniques employed in reconstruction, and the

quality of the scar.

16.4 Vascular Malformations

16.4.1 Patient Presentation

The term “vascular malformation” is steeped in controversy. It

is really just a broad term which encompasses several very

different lesions with very different presentations, different

risks, and different treatment protocol.

Since there is no classic presentation for a “vascular malfor-

mation,” this term will be broken down into its individual com-

ponents. A vascular malformation can be a hemangioma, a

venous malformation, a lymphatic malformation, a capillary

malformation, or an arteriovenous malformation. Several classi-

fication systems have been proposed. The most commonly used

in the plastic surgery literature is that of Mulliken and

Glowacki.15

A hemangioma has proliferative endothelium, whereas the

other types of vascular malformation have a stable endothe-

lium. That means that a hemangioma is technically a type of

tumor, while a vascular malformation is typically a benign

lesion. The vascular malformations can be further broken

down into fast flow (arteriovenous malformations) and slow

flow (capillary malformations, venous malformations, lym-

phatic malformations).16,17 There are also mixed lesions

(lymphaticovenous malformations) which further complicate

the discussion. This section will concentrate on the most

common.

16.4.2 Hemangioma

Hemangioma typically presents at birth as a very small red dot

which often goes unnoticed. Over the ensuing weeks and

months, this red lesion will grow very rapidly (out of propor-

tion to the child) and can quickly become very disfiguring.

Larger lesions may grow so rapidly that they outpace the devel-

opment of the blood supply and they can become ulcerated,

typically in the center of the lesion. The clinical picture of an

inauspicious beginning and incredibly rapid growth of a vascu-

lar tumor is typically enough to make the diagnosis of a heman-

gioma. MRI imaging can confirm this diagnosis, but is usually

not necessary (▶ Fig. 16.5).

The life cycle of the hemangioma is quite standard. Most

often there is the explosive growth phase which typically lasts

from 6 to 12 months. This phase is followed by a quiescent

phase which can last from months to years. As the tumor enters

this phase, it is common that the bright red skin will become

gray and dusky in the center as the rapid growth comes to an

end. After an unpredictable period of time in the quiescent

phase, an involutional phase begins. During this time, the vas-

cular portion of the tumor begins to shrink and, depending on

the size of the original lesion, the entire area may revert to nor-

mal without any intervention. It is common for larger lesions to

leave behind abnormal skin which is atrophic and inelastic. We

have come to expect that 50% of these hemangiomas will

resolve within 5 years, 90% within 9 years.

16.4.3 Treatment

Since many of these lesions will resolve spontaneously, watch-

ful waiting can be a valid treatment plan. The exceptions to this

are when the tumor is causing an airway obstruction or

obstructing the visual axis during development. The latter sce-

nario will lead to amblyopia which is a permanent visual field

loss secondary to this obstruction. Obviously, these situations

require a more aggressive form of intervention.Fig. 16.5 A 4-month-old girl with scalp hemangioma.
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Injection of steroids has been shown to slow the growth of

these tumors and can even lead to the shrinkage of the lesion.

This is a treatment which often needs to be repeated more than

one time in order to see a significant effect. The use of a tunable

dye laser is practiced by some physicians in an effort to address

the discoloration of the skin. While there are a few scattered

reports of success with this modality, given the extremely lim-

ited depth of penetration of the laser, this treatment is unlikely

to be effective in the definitive management of hemangiomas.

The laser can, however, be used secondarily to treat any residual

superficial skin discoloration or hypervascularity once involu-

tion has occurred. Surgical excision is always an option for

these tumors. One must balance the morbidity and potential

complications and sequelae for surgery against the risks and

stigmata of watchful waiting. Clearly there is a continued role

for surgical excision—especially in the emergent treatment of

lesions obstructing the airway or visual axis. Excision of these

lesions can be (not surprisingly) quite bloody and can lead to

risks to surrounding vital structures (e.g., nerves) due to the

small size of the child and the poor visualization. A fairly new

and increasingly popular treatment for hemangioma is the use

of orally administered propanolol, a beta-blocker which has

been shown to quickly and significantly shrink these tumors.

The mode of action is not fully understood. Risks of this medi-

cation include changes in sleep, acrocyanosis, hypotension, and

hypoglycemia.18 The safety and efficacy of treatment with pro-

pranolol often makes this the first-line treatment even in non-

emergent but urgent treatment of airway and visual axis

obstruction. Another time to consider this treatment is for rap-

idly growing and/or large lesions in vital or cosmetically sensi-

tive areas such as the face, or lesions that are beginning to

ulcerate and bleed.

16.4.4 Capillary Malformations

Capillary malformations are historically referred to as port wine

stains. (This terminology is archaic and should be avoided.)

They typically appear as a pink or red skin discoloration at

birth. As the child ages, however, these lesions may become

increasingly thick, dark, and nodular resulting in severe disfig-

urement. They can also sometimes result in changes to the

underlying bone. They can occur anywhere in the body. Certain

locations can be associated with syndromes (Proteus, Klippel–

Trenaunay, Sturge–Weber) indicating other anomalies or path-

ology in other organ systems.19 Diagnosis is most often based

on the clinical appearance of the skin lesion but can be further

confirmed with MRI. Suspected syndromes should be worked

up to exclude associated pathology. Treatment of the capillary

malformation is most often with multiple sessions with a 585-

nm pulsed dye laser. Treatment results are variable, but often

can lead to the near-complete resolution of the discoloration

and a good cosmetic outcome.

16.4.5 Venous Malformations

Venous malformations were once called “cavernous malforma-

tions” and are present at birth, though not always visible. They

are the most common of the vascular malformations and are

most frequently found in the head and neck regions, although

may occur throughout the body (▶ Fig. 16.6).20 They are usually

noted as a bluish discoloration which may involve the skin or

the subcutaneous tissue, or even the underlying muscle, bone,

or viscera. They typically grow as the child grows, but may

exhibit growth spurts. Parents may report that the lesions

enlarge or become darker when the child is upset and crying.

These lesions may be painful or tender from thrombosis within

the malformation leading to phleboliths. They can be quite dis-

figuring and can cause severe asymmetry and even limb hyper-

trophy. Airway obstruction is possible, though is not as acute as

seen in the rapid-growing hemangiomas. Diagnosis is typically

clinical, though the extent of the lesion is usually determined

by MRI examination. Treatment of a venous malformation

depends on its size and location. Where applicable (e.g., the

limb), compression garments can be effective in reducing the

diameter of the affected area and sometimes also the pain. Anti-

coagulants such as aspirin can be given to reduce the frequency

of painful thrombosis and phlebolith formation. Most com-

monly used are sclerosants which are injected directly into the

malformation to cause thrombosis secondary to endothelial

damage. Multiple agents have been used including hypertonic

saline, absolute ethanol, and sodium tetradecyl sulfate. Multiple

treatments may be required and complications such as ulcera-

tion, skin necrosis, nerve injury are not uncommon. More seri-

Fig. 16.6 Venous malformation affected the right buttock and upper

lateral thigh. (From Rocken M, Schaller M, Sattler E, Burgdorf W. Color

Atlas of Dermatology. New York, NY: Thieme; 2012:23.)

Pediatric Plastic Surgery

160



ous complications such as compartment syndrome and sys-

temic toxicity have been reported.20

Surgical treatment of venous malformations is sometime

warranted and can be done in conjunction with sclerotherapy.

Due to the amorphous nature of these lesions, complete exci-

sion is often difficult. Indications for surgery include severe

functional or appearance-related problems such as bleeding,

pain, or immobility.

16.4.6 Lymphatic Malformations

Lymphatic malformations are historically known as cystic

hygromas or lymphangiomas. Most are present at birth but

some are discovered up to age 2 or even older. The cervicofacial

region is most commonly involved, but lymphatic malforma-

tions can occur anywhere. These lesions are progressive and

can cause soft tissue and bony hypertrophy ultimately leading

to soft tissue and skeletal overgrowth such as limb hypertrophy.

Steady growth of the lesions can be expected. Complications

such as infection or bleeding are not uncommon. Infection can

lead to the rapid swelling of the lesion and associated pain and

erythema. Antibiotic therapy will usually resolve the infection,

but rapid swelling of a cervicofacial lymphatic malformation

has been known to cause airway obstruction and a surgical

emergency.21 The lesions are often bluish and can cause skin

surface irregularities. MRI is often used to delineate the extent

of larger and symptomatic lesions. This modality can also be

used to determine whether the malformation is macrocystic,

microcystic, or mixed. Macrocystic malformations sometimes

spontaneously involute.22 Treatment of these lesions is limited

to compression, sclerotherapy, or surgical excision. Possible

sclerosing agents include hypertonic saline, absolute ethanol,

sodium tetradecyl sulfate, bleomycin, and OK-432. Surgical

excision is reserved for those lesions which are functionally or

aesthetically unacceptable.19 Recurrence is common when the

lesions are incompletely excised. Staged excisions and excision

in conjunction with sclerotherapy is common. Local wound

complications are frequent due to infection and serum

formation. Prophylactic drain use and antibiotics are highly

recommended.

16.4.7 Arteriovenous Malformations

Arteriovenous malformations are distinct from the aforemen-

tioned malformations secondary to their high-flow state. As the

name would indicate, these malformations result from the

direct connection of an artery and a vein. Due to the pressure

differential, the flow through these lesions is significant. Adja-

cent vessels are then recruited leading to the growth of the

malformation. Growth can be steady but punctuated by rapid

enlargement secondary to trauma or hormonal influence. These

typically progress from discoloration to palpable lesions with

pulses and thrills. They then enlarge and may develop ulcera-

tion, bleeding, and pain before ultimately leading to a very high

flow state and congestive heart failure. The palpable pulsation

and thrills in the lesion are usually enough to determine the

diagnosis. However, the extent of the lesion is often determined

by MRA (magnetic resonance angiography) which can also help

determine the appropriate treatment. Small lesions can be

directly excised. Larger lesions are most often treated with mul-

tidisciplinary approach with an interventional radiologist pro-

viding embolization followed by surgical resection within 24 to

48 hours. Surgical excision of large lesions without the assis-

tance of preoperative embolization can lead to significant and

dangerous blood loss. Embolization without surgical excision or

even with excision delayed beyond the 48-hour window leads

to recollateralization and likely recurrence (▶ Fig. 16.7).

Preparation for surgery and treatment depend most on the

clinical and sometimes radiographic diagnosis. Other factors are

related to the patient’s age and comorbidities. The postoperative

course and management depend entirely on the type of lesion

and the treatment. Larger and more aggressive lesions are likely

to require secondary resection or embolization. Completely

resected lesions rarely recur, but may lead to aesthetic deform-

ities which require secondary reconstruction or revision.

16.5 Review Questions

16.5.1 True or False

1. Biopsies of pigmented lesions can be performed by a shave,

or partial-thickness, technique.

2. A pigmented nevus which has been excised with positive

margins and a pathologic diagnosis suggesting moderate

atypia should be reexcised.

3. Children who present with a giant congenital melanocytic

nevus in the midline or one with greater than 20 satellite

lesions should undergo MRI examination.

4. Treatment of a hemangioma with a beta-blocker is an

appropriate management strategy.

Fig. 16.7 (a) A 22-year-old man with upper lip

arteriovenous malformation—pre-op and (b) 6

months after combined treatment with

embolization and immediate surgical resection.
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5. A large mass with a palpable pulse and a thrill may benefit

from multidisciplinary approach involving embolization and

surgical resection.

16.5.2 Answers

1. False. The important prognostic and treatment information

which is provided by the depth of a malignant pigmented

lesion (e.g., melanoma) is often destroyed by a partial-

thickness or shave technique.

2. True. Lesions with moderate or severe atypia and positive

margins are usually reexcised.

3. True. These children are at risk of having neurocutaneous

melanosis which is diagnosed with MRI.

4. True. Propanolol has been shown to cause the involution of

hemangiomas.

5. True. Lesions with a palpable pulse and thrill are most often

arteriovenous malformations. A multidisciplinary approach

involving preoperative embolization followed by surgical

resection within 24 to 48 hours will reduce blood loss and

thereby allow for better intraoperative visualization and

reduced risk to adjacent vital structures.
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17 Reconstruction of the Scalp and Forehead
Edward A. Luce

Abstract

This chapter thoroughly discusses the anatomy and various

defects of the scalp and forehead that require reconstruction

and introduces an algorithmic approach to the matter. Empha-

sis is given the etiology, diagnosis, and treatment of the three

usual sources of scalp defects: congenital, posttraumatic, and

oncologic. Substantial differences between scalp and forehead

defects are identified, and treatment proper to the forehead is

examined. Numerous photographs illustrate the irregularities

and treatments discussed.

Keywords: here-there operative planning, subgaleal plane,

asplasia cutis, galeal scoring

17.1 Goals and Objectives
● Understand the relevant anatomy of the scalp and forehead in

regard to reconstruction.
● Review the various etiologies of scalp and forehead defects

requiring reconstruction.
● Gain an appreciation and algorithmic approach to

reconstruction of defects of the scalp and forehead.

17.2 Scalp

17.2.1 Patient Presentation

Anatomy

The pertinent anatomy of the scalp that has clinical relevance

can be divided into the specific regions as well as the cross-sec-

tional components. The cross-section anatomy is summed in

the acronym SCALP (Skin, Connective Tissue, Aponeurosis,

Loose Areolar, Periosteum)—the skin containing hair follicles,

sebaceous and sweat glands, a thin layer of subcutaneous fat,

the galeal aponeurosis, a zone of subgaleal loose areolar tissue,

and lastly, periosteum or pericranium. Skin, in contrast to the

subgaleal space, is tightly adherent to the underlying galea. The

galea has an interesting teleological history since the aponeuro-

sis may represent a vestige of the panniculus carnosus, a layer

of immediate subdermal striated muscle seen in nonprimate

mammals that enables twitching of isolated areas of skin. In that

vein, the galea is a fusion sheet between the frontalis of the fore-

head and the occipitalis posteriorly, two other structures that

represent vestigial remnants of the panniculus carnosus. Later-

ally, the galea is contiguous with the temporoparietal fascia.

The tightly adhered skin to the underlying galea and the lack

of laxity of the skin envelope to the supporting skeleton, the

skull, implies that primary closure of soft-tissue defects can be

challenging. The looseness of the subgaleal areolar layer has

clinical implications: undermining is most easily accomplished

in this plane for the creation of scalp flaps or to facilitate clo-

sure, and avulsions occur within this plane. Also, any hematoma

or abscess in this plane is easily extended to more remote areas

of the scalp (▶ Fig. 17.1).

Regionally, the scalp can be divided into the same areas of

the skull: temporal, parietal, and occipital. The modified anat-

omy of the temporal scalp region is of interest because of the

surgical corollaries. The additional presence of the temporalis

muscle and the investing fascia, the deep and superficial layers

adds a level of complexity. Approaches to the zygomatic arch

from the bicoronal route dictates a knowledge of this anatomy

to avoid injury to the temporal branch of the frontal nerve. Divi-

sion of the superficial layer of the deep temporal fascia at a

point approximately 2 cm superior to the arch and a traverse

through the superficial temporal fat pad will provide access to

the arch, deep to the plane of the temporal branch that inner-

vates the frontalis muscle.

The scalp is richly vascularized, setting the table for design of

soft-tissue flaps of generous length and width proportions if

oriented properly. The principal arterial supply is the supraorbi-

tal arteries anteriorly, the superficial temporal arteries laterally,

the occipital, and to a lesser degree, the posterior auricular

arteries posterior. The paired supraorbital nerves of the oph-

thalmic division of cranial nerve V provides sensation to the

forehead and anterior one-half of the scalp. The greater occipi-

tal nerves, branches of C2, are the sensory innervation of the

posterior scalp. The temporal region is innervated by the auric-

ulotemporal nerve, a branch of the mandibular division of V.

17.2.2 Etiology of Scalp Defects

The causation of scalp defects falls into one of three of the usual

broad group: congenital, posttraumatic, and oncologic.

17.2.3 Congenital Defects

The principal presentation of scalp defects of congenital etiol-

ogy is aplasia cutis congenital.1,2 Other causes such as giant

nevus and sebaceous nevus are discussed under the oncologic

section. Aplasia cutis congenita, a rare condition (1 in 10,000

births), is absence of skin, subcutaneous tissue, and in approxi-

mately 25% of the cases, skull and dura as well. An autosomal

dominant with variable penetrance inheritance pattern has

been described, although many, if not most, cases appear spora-

dic in nature. Treatment and the urgency of same hinges on size

and severity (see “Treatment” section).3

Another set of congenital soft-tissue entities is melanocytic

and sebaceous nevi. Both are of a treatment concern because of

the potential of malignant conversion. Estimations vary but

melanoma in giant congenital melanocytic nevi, GCMN, and

basal cell carcinoma within sebaceous nevi has been described

(▶ Fig. 17.2). The nature of the pathology will dictate the recon-

structive approach to oncologic defects. Certainly, in instances

in GCMN, the parents will have both aesthetic and cancer con-

version concerns.

17.2.4 Traumatic

Although the possible causes of posttraumatic scalp defects are

protean, the vast majority of cases are secondary to avulsive

loss, direct contusion and loss, or burn injury, of which a
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significant portion are from electrical burns. Avulsive scalp

injuries, particularly when total or subtotal, occur either at the

level of pericranium for the reasons cited in the “Anatomy” sub-

section, but frequently and unfortunately result in loss of peri-

cranium or periosteum as well with significant treatment

implications.

Similarly, although flame burns may be full thickness and yet

spare subcutaneous tissue, electrical burns or injury, particu-

larly high voltage, may destroy not only all layers of the scalp

but perhaps also may involve cranial bone, again with a differ-

ent set of treatment implications (▶ Fig. 17.3).

17.2.5 Oncologic

The most frequent scalp reconstructive setting for most surgeons

will be oncologic. Mentioned earlier were the benign conditions

of congenital melanocytic nevus and sebaceous nevus. Any skin

tumor, benign or malignant, drawn from the lengthy list of

benign and malignant skin and soft-tissue neoplasms, can occur

on the scalp. In addition, the treatment of intracranial neoplasms

may have scalp reconstructive connotations. The occurrence of

postcraniotomy scalp necrosis and/or bone flap infection may

require intervention by the reconstructive surgeon. In any

Fig. 17.1 (a,b) Avulsive wound of the forehead

and scalp at the subgaleal level in the loose

areolar plane.

Fig. 17.2 (a,b) Basal cell within a sebaceous

nevus of the scalp in an adult.
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oncologic setting, reconstructive needs may be rendered more

complex by the presence of radiation damage from prior radio-

therapy, prior incisions and scars, and, of course, the extent of

the tumor.

17.3 Treatment
The assessment in preparation for reconstruction of any defect,

present or planned, requires adherence to a logic framework to

ensure as much as feasible a successful result. One such frame-

work is the Here–There concept4 that elicits analysis of the

defect, anatomically and functionally (“Here”), the forces

responsible and the desired objective (“There”), and finally

the treatment plan to arrive at the objective. Implicit in each of

the treatment scenarios described below is the use of this

framework.

17.3.1 Here–There Operative Planning

1. Where is Here (What are the components, functional and

structural, of the defect?)

2. How did we get There? (What were the forces, traumatic,

oncologic, congenital responsible for the defect?)

3. Where is There? (What are the reconstructive needs?)

4. So do we get There? (Treatment or operative plan including

steps and sequences.)

5. How do we want to get There? (A mutual decision-making

process of patient and surgeon.)

17.3.2 Congenital

As outlined earlier, management of aplasia cutis congenita piv-

ots on the magnitude and severity of the defect from simple to

complex. The simplest of presentations, a defect of 2 to 4 cm2

skin can only be managed nonoperatively with dressings.

Larger defects (▶ Fig. 17.4) require a more aggressive approach,

particularly in the absence of bone and the presence of exposed

dura since the described complications of hemorrhage from

exposed intradural sinuses as the sagittal or large dural veins

can result in a fatal outcome. In the absence of coverage, the

thin membrane becomes desiccated and an eschar forms, the

debridement of which can result in massive bleeding. Contami-

nation of the cerebrospinal fluid can result in meningitis and

intracerebral infection. Coverage with split-thickness auto-

grafts, with or without a preliminary allograft, does protect the

underlying dura and brain. The neonate has the osteogenic

capability to generate new bone to heal the osseous defect. The

negative aspects of the use of skin grafts include the difficulty

and hazards of dissection and excision in preparation for even-

tual cranioplasty if needed. In addition, some concerns exist

that the contractile nature of the grafts does not permit normal

dural and brain growth.3

Although described earlier, the use of local flaps would seem

fraught with hazard. In addition to the concerns about inevita-

ble blood loss and operating time on a neonate without good

temperature regulation and physiologic homeostasis of an older

infant, an abnormal vascularity of the intact scalp may exist,

the result of an in utero epithelialization of perhaps an even

larger defect.

An intriguing solution to this treatment dilemma is the use of

a dermal substitute. The placement of Integra once incorpo-

rated in 2 to 3 weeks, followed by removal of the silicone layer

Fig. 17.3 (a, b) Full-thickness electrical burn of

scalp and skull.

Fig. 17.4 Extensive congenital aplasia cutis of scalp.
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and placement of a thin split-thickness skin graft has been

described in a case report and has the potential to obviate the

shortcomings of skin graft alone.5 Perhaps, a full-thickness

autograft could accomplish the same objective with a single

stage but with a considerable size donor site.

17.3.3 Traumatic

Again, the analysis begins with the nature of the defect. Intact

periosteum permits simple wound closure with split-thickness

skin graft (STSG) to set the stage perhaps for definitive recon-

struction with tissue expansion. The absence of periosteum

implies the usual necessity of provision of full-thickness coverage

with vascularized tissue, either pedicled or by microvascular free

flaps. An exception is the creation of a vascularized bed by decor-

tication of the skull and exposure of the cancellous layer with

delayed skin grafting after stimulation of a granulating surface,

hastened by the use of negative wound pressure therapy (NWPT)

(▶ Fig. 17.5).6

The long-term durability of split-thickness skin grafts placed

on decorticated bone is of concern, since late ulceration and

wound breakdown is a frequent sequela, perhaps because of

the thin layer of dermis.

The employment of a dermal substitute in the reconstructive

plan may, as in the management of the aplasia cutis congenita

defect, provide a course between the two horns of the

dilemma.7 Both Integra, a dermal substitute composed of

bovine collagen and ground substance derived from shark, and

Alloderm, an acellular human dermal matrix, are the two most

widely used dermal substitutes (▶ Fig. 17.6).

The incorporation of both requires vascularization and

the use of NWPT appears to be of benefit in this process.

The final wound closure still requires a split-thickness skin

graft, albeit considerably thinner than without the use of a

dermal substitute. In addition, infection beneath the

dermal template can occur, an enhanced probability in the

presence of contamination and certainly with potential dire

consequences.

Fig. 17.5 (a–c) Full-thickness burn of scalp and skull managed with decortication, negative wound pressure therapy, and split-thickness skin graft.

Fig. 17.6 (a-d) Full-thickness Moh’s defect

including periosteum managed with

decortication, immediate application of Integra,

and delayed split-thickness skin graft.
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The one set of circumstances that prescribes a discreetly dif-

ferent plan is an electrical injury of scalp and skull. In this

instance, injury of scalp and skull, none of the above options of

acellular dermis plus skin graft are available because of the full-

thickness burn of the bony skull. In these circumstances, vascu-

larized coverage, pedicled or free flaps, will be necessary. If per-

formed in the early postinjury period before colonization of the

bone, the evidence suggests that the devitalized bone can be

regarded as an in situ graft with a perfect fit that will be recon-

stituted by the process of bone graft take or “creeping substitu-

tion” (▶ Fig. 17.7).8

The next rung on the reconstructive ladder is the use of local

and regional flaps, discussed in the following section. The

principles would still be applied in posttraumatic defects, if so

indicated.

17.3.4 Oncologic

Extensive excisions of lesions as congenital melanocytic nevi

are not amenable to direct primary closure and may be man-

aged by serial tissue expansion (▶ Fig. 17.8). Patients most often

present in early childhood, attended by parents with concerns

about malignant transformation as well as the inherent aes-

thetic problem. The elective setting allows a cyclic approach of

expansion, excision, and repeat expansion and excision.

As mentioned earlier, virtually any skin-soft tissue tumor that

occurs elsewhere can present on the scalp. An additional

dimension is the reconstructive deficit that involves the treat-

ment of intracranial neoplasms, complicated by skin flap

necrosis and/or infected bone flap. Both scenarios, resective

defects created by excision of skin-soft tissue malignancies and

the complications of treatment of intracerebral tumors, may be

rendered more complex by the presence of previously irradi-

ated tissue.

Defects of the scalp larger than 2.5 to 3.0 cm may be difficult

to close without extensive undermining and the excessive ten-

sion can produce a widened, alopecic scar.9 Local flaps such as a

yin and yang design still permit primary closure of the donor

site but larger, rotation-style flaps do not and a commitment to

a skin-grafted donor site is unavoidable. Advancement, trans-

position, or rhomboid flaps perform poorly on the scalp

because of the lack of skin laxity. An option for vertex defects,

even of a considerable size, is the Orticochea flap tissue rear-

rangement approach, mobilization of the entire scalp by divi-

sion into three flaps, similar to peeling a banana (▶ Fig. 17.9).10

Two paired flaps are each based on their respective superfi-

cial temporal artery, the posterior flap on the occipital arteries.

Descriptions of the Orticochea flaps universally include scoring

of the galea. Galeal scoring can be problematic from two

aspects: one, the additional length obtained is modest and

because the vasculature lies in the immediate superficial plane

to the galeal aponeurosis, the blood supply can be damaged,

creating a tradeoff of length versus ischemia.9 If performed, the

design is one of cross hatching to create the maximal relaxation

(▶ Fig. 17.10).

In the author’s experience, galeal scoring is bloody and of lit-

tle advantage. If a scalp rotation flap is selected, a compulsive

and carefully considered plan is mandatory. The elements

include incorporation of a flap shrinkage factor (25%) into the

defect dimensions, determination of the length and pivot point

by simulation with gauze or suture, and orientation of the flap

base to include a named blood supply (▶ Fig. 17.11).

The scalp, because of the convexity of the skull and absence

of laxity, dictates the design of larger flaps than what the nov-

ice may anticipate. A large, unsightly dog ear will occur at the

site of the “standing cone” that begs immediate release/exci-

sion. To do so will compromise the vascular supply and with

time the dog ear will shrink remarkably.

The above scenarios assume the absence of prior irradiation.

Prior irradiation to skin-soft tissue, particularly with larger

radiotherapy portals, will usually imply regional pedicled or

free flap coverage if the dimensions of the reconstructive

defect, present or proposed, is of substantial size.

The presentation of a previously irradiated brain tumor pa-

tient to the reconstructive surgeon is most commonly as wound

dehiscence/infection with or without infection of the underly-

ing bone flap. Some clinical judgment is necessary in the esti-

mation of the degree of radiation injury to the scalp. Review of

the radiotherapy plan can be helpful, but the essence of the

judgment is the vascularity or lack of same or proposed wound

closure. The tautness of the scalp skin, the magnitude of radia-

tion-induced alopecia, and the size and location of the defect all

play a role. Wound dehiscence only without evidence of infec-

tion can be managed with wide undermining and advancement

to close relatively small defects of 2 to 3 cm. More extensive

defects that include debridement of necrotic tissue will require

a rotational flap plus STSG. Management of the underlying cra-

nial bone is a separate topic, but the treatment will be deter-

mined by the extent of infection. Localized osteomyelitis

secondary to hardware alone can be managed with removal of

Fig. 17.7 (a,b) Full-thickness injury of scalp and skull. Decortication will

not be possible because of lack of a viable diploe. Rotational scalp flap

will provide wound closure and reossification of the devitalized skull.
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the plates and screws and limited debridement, while more

extensive infection requires removal of the bone flap and late

secondary reconstruction.

Larger postoncologic defects, greater than 50% of the scalp,

often cannot be satisfactorily addressed with the above meth-

ods (▶ Fig. 17.12).

If the scalp has been previously irradiated for skin-soft tissue

malignancy, even considerably smaller defects will compel the

use of regional or distant flap coverage, although the use of

Integra and delayed skin graft has been described for smaller

irradiated scalp defects.11 The use of Integra has been described

for the coverage of a total scalp loss in the pediatric patient.12

The only scalp location for which the choice of a pedicled

regional flap can be entertained is the temporal region, for

example, after a temporal bone resection, reconstructed with

an extended pectoralis major flap (▶ Fig. 17.13).

The inferior occipital scalp is amenable to a posterior trape-

zius perforator flap, perfused by the dorsal scapular artery.

More often, the challenge is one of previously treated, often

inadequately, because of positive margins and/or bone involve-

ment with the employment of postoperative radiation in

an adjunct setting.13 The hostile environment created by

Fig. 17.8 (a–f) Large congenital nevus of the

scalp managed with serial tissue expansion and

repeated excisions.
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irradiation, recurrence-persistence of the neoplasm, and possi-

bly contamination, if not of limited size and within the inferior

or occipital region, all point to the indication for microvascular

flap coverage.

Although an array of free flaps are available, essentially three

(and possibly a fourth) have been most frequently selected and

described. Large defects, for example, a subtotal scalp excision,

covered with a latissimus muscle and skin graft, may be ideal

from several perspectives: size, ability to tailor the muscle, and

the value of well-vascularized muscle in a contaminated field. A

skin island may be included if the size of the defect permits pri-

mary closure of the back and patient is not obese. The radial

forearm as a fasciocutaneous flap provides, as does the latissi-

mus, a pedicle of adequate length and is suitable for smaller,

medium-size defects. The anterolateral thigh flap does provide

a skin island, has a long and sizable pedicle, and offers, as does

the radial forearm, the opportunity for a two-team approach, a

harvest simultaneously with independent preparation of the

recipient site. The fourth flap possibility is the scapular or para-

scapular, both fasciocutaneous flaps in nature. Similar to the

latissimus, a patient position change may be necessary.

The most readily accessible recipient vessels are the superfi-

cial temporal artery and vein. At times, the vessels, particularly

the vein, may be friable and difficult to use. The next echelon is

within the neck, access to the superior thyroid or facial vessels.

More extreme situations may require the use of vein grafts to

access undamaged, nonradiated recipient vessels (▶ Fig. 17.14).

17.4 Forehead

17.4.1 Patient Presentation

Anatomy

The cross-sectional anatomy of the forehead is similar to the

scalp but the topography differs substantially from the feature-

less expanse of the latter. Distinct boundaries define the fore-

head as an aesthetic unit. Displacement of these boundaries

create visual distortion of the aesthetics of the forehead. Inferi-

orly, the paired eyebrows determine the inferior limit and dic-

tate symmetry, since even minor alterations in brow position

are readily perceptible to the casual observer (▶ Fig. 17.15).

The frontal and temporal hairlines determine the superior

and lateral limits of the forehead unit and both, dependent on

hair pattern, are relatively distinct. The forehead can be further

divided into central and lateral units, the central defined later-

ally by the superior temporal line. The convexity of the central

forehead is a reflection of the frontal bony skull, terminating

laterally at the aforementioned superior temporal ridge, the

bony landmark at the point of fusion of the soft tissue layers of

the forehead to the periosteum. The supraorbital ridge is the

inferior bony unit. Superiorly, no bony landmarks exist to dif-

ferentiate forehead from scalp. In that differentiation is the

frontal–temporal hairline. In the absence of the hairline, the

junction of frontalis of the forehead to the galea of the scalp is a

superior boundary, albeit arbitrary.

The cross-sectional anatomy does mirror the scalp consisting

of skin, a thin layer of fat, the frontalis muscles, a loose areolar

layer, and periosteum. Subspecialization of the layer occurs at

the glabella and medial supraorbital ridge in the form of the

depressor supercilii, corrugator, and the supraorbital orbicularis

muscles—all of which have implications in aesthetic surgery of

this region. The most accurate description of the relationship of

the galea would include the division of the galea at the superior

aspect of the frontalis into a deep and superficial split that in

turn envelops the muscle. About 2 cm superior to the superior

orbital rim, the deep portion, until this point only loosely

Fig. 17.10 Cross-hatching of galea in a “tic-tac-toe” design.

Fig. 17.9 (a,b) Exposed dura secondary to soft

tissue and skull necrosis, managed with

Orticochea flaps.
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attached to the underlying periosteum becomes fused to that

structure, also a key aspect when elevating a bicoronal flap.

The sensory innervation of the forehead arises principally

from the supraorbital and supratrochlear nerves emanating

from the supraorbital and the lateral orbital roof, respectably.

Both are branches of the ophthalmic division of cranial nerve V,

the trigeminal. Sensation of the most lateral portion of the fore-

head is supplied by the zygomatico-temporal nerve through

the small foramen in the most anterior temporal bone and is a

branch of the maxillary division. The supraorbital nerve also

supplies sensation to the frontoparietal scalp in addition to the

forehead by division into a superficial and deep branch.14 The

superficial division courses over the surface of the frontalis, the

deep branch passes beneath frontalis to provide sensation to

the scalp. Motor innervation of the frontalis is via the temporal,

frontal, branch of cranial nerve VII, the facial. The nerve enters

the deep aspect of the muscle laterally until that point. After

exit from the superior aspect of the parotid, the nerve courses

over the zygomatic arch as branch or branches contained

within the superficial portion of the deep temporal fascia, a key

anatomical fact when elevating bicoronal flap. In addition to

the depth dimension of the location of the nerve, the course to

the frontalis can also be defined topographically.

Vascular supply to the forehead parallels that of the sensory

innervation, namely, the supraorbital and supratrochlear

arteries to their respective foramina centrally or medially in a

transverse anterior branch of the superficial temporal artery

laterally. The venous drainage parallels the arterial inflow.

Etiology

Similar to the scalp, conditions that will require reconstruction

are congenital, traumatic, and oncologic in causative nature.

The two congenital conditions or etiology that may require

reconstruction are congenital melanocytic nevus and heman-

gioma. Congenital melanocytic nevus, particularly the giant

variety, similar to those of the scalp, may mandate surgical

management both from oncologic and esthetic aspect

Fig. 17.11 (a–d) Patient with a central anterior

scalp defect, prior history of multiple excisions

and scalp flaps as well as irradiation, managed

with reexcision of soft tissue, outer cortex, and

rotational scalp flap.
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(▶ Fig. 17.16). Hemangiomas of the noninvoluting category

often, perhaps in a majority of the instances, involve adjacent

aesthetic units, the orbit, in addition to forehead (▶ Fig. 17.17).

Traumatic deformities occur via similar mechanisms as

described for the scalp. Lacerations and avulsions are most fre-

quent and are often related to blunt-force injury. Diagnosis of

underlying fracture and possible intracranial as well as cervical

injuries is necessary. Involvement with surrounding structures

that can affect treatment and reconstruction must be fully

assessed. Benign tumors of the subcutaneous tissue can be

approached through a bicoronal approach to avoid direct scars

on the forehead (▶ Fig. 17.18).

Any skin-soft tissue tumor that occurs elsewhere can present

in the soft tissues of the forehead. Margins are dictated to some

degree by particular facial aesthetic unit—margins are inferen-

tially narrow in the midface: periorbita, nose, as well as the

ears and less so in the cheek and forehead. The same caveats

with respect to prior radiation as discussed in the scalp should

be incorporated into the reconstructive plan and apply also to

the forehead. Challenges posed by reconstruction of excisional

defects are similar to those of the scalp with an important

difference, the necessity to respect the topographical landmarks

that define the forehead and include brow position and

hairline.

In the absence of prior irradiated tissue, the principles of

reconstruction of oncologic and congenital defects are similar

and will be discussed conjointly.

17.5 Treatment
Reconstruction of forehead defects is almost entirely accom-

plished with local flaps and/or skin grafts both full and split

thickness. As discussed in section “Anatomy,” although the fore-

head is considered a single aesthetic unit, the central portion

from superior bony ridge to superior bony ridge is more

demanding than the temporal forehead, at least in the trans-

verse or horizontal vector. Closure of central vertical defects

such as the donor site of the median forehead flap are more

readily accomplished. Horizontal defects can be closed

primarily if particular attention is paid to the maintenance of

brow position. Excisional defects as large as 3 cm, even in the

suprabrow region, can be closed by wide undermining superi-

orly. The advanced superior flap as well as the nonundermined

inferior brow-bearing flap must be anchored to the underlying

Fig. 17.12 (a–d) Multiple satellite lesions from

melanoma, mandating a subtotal excision of the

scalp.
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periosteum with a row of permanent sutures (▶ Fig. 17.19).

Smaller defects can be closed with a transverse advancement

flaps (▶ Fig. 17.20). Small rotational flaps are possible if

designed to place the skin-graft in a location that can be con-

cealed with hair (▶ Fig. 17.21).

Large defects, 4 cm or greater, may be closed with full-thick-

ness skin grafts harvested from the postauricular area or supra-

clavicular fossa of the lower cervical region. If the defect

consists of forehead skin and frontalis, a contour and defect

may be noticeable even with full-thickness skin grafts har-

vested from the head and neck “blush” area. Skin grafts

obtained from below the head and neck will be more yellow-

brown in hue and match poorly with forehead skin

(▶ Fig. 17.22). One modification to address potential contour

defects is the use of a galeofrontalis flap and full-thickness skin

graft (▶ Fig. 17.23).

In the absence of periosteum, larger defects can be addressed

with a two-step approach of placement of Integra, followed 3

weeks later by removal of the silicone layer and application of a

split-thickness or full-thickness skin graft harvested from the

blush area. The combination of artificial and autogenous dermis

can also address contour concerns (▶ Fig. 17.24).

Defects of the lateral forehead can be reconstructed by a com-

bination of advancement of a cheek flap inferiorly and judicious

used of advancement of the temporal frontal hairline. Large

defects can be closed with full-thickness skin grafts since 7 to

8 cm can be harvested from bilateral lower cervical donor sites

and contour defects are not as obvious in the lateral compared

to the central forehead (▶ Fig. 17.25). Large defects associated

with cranial base or frontal bone resections for advanced can-

cers most commonly require free tissue transfer (▶ Fig. 17.26).

17.6 Scalp and Forehead

17.6.1 Postoperative Care

The care of these patients is largely dependent on the age,

comorbidities, and the type of condition reconstructed, as

well as the type of reconstruction done. The inpatient or

ambulatory setting is predicated on the size of the defect

and the magnitude of reconstruction. Those for whom skin

grafting is done will generally require a bolster dressing over

the graft for about 5 days and then dressings thereafter to

prevent desiccation, such as antibiotic ointment or petrola-

tum impregnated dressings. Antibiotic therapy is needed for

reconstruction involving osteomyelitis. Duration and type of

treatment is directed by culture and input from infectious

disease colleagues.

Fig. 17.13 (a–e) Advanced cancer of the ear

treated with neck dissection and lateral temporal

bone resection. Closure obtained by a pedicled

pectoralis major flap.
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Fig. 17.14 (a–h) Recurrent fibrosarcoma of the scalp resected including full-thickness skull. A mirror image bone template used for a split calvarial

graft for closure of the bony defect and serratus anterior muscle flap and skin graft. The recipient vessels were accessed in the neck via vein grafts.

Fig. 17.15 (a,b) Malalignment of the brow.
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Fig. 17.16 (a–c) Nevus of Ota of forehead, brow, and medial canthal region, excised and closed with full-thickness skin grafts, harvested from upper

chest.

Fig. 17.17 (a,b) Involuting hemangioma of the

forehead.

Fig. 17.18 (a–e) Recurrent A-V malformation of the supraorbital foramen, resected via a bicoronal approach.
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Fig. 17.19 Malignant melanoma of intermediate

thickness of the left brow region. Closure by

undermining is possible but mandates that the

inferior brow-bearing flap be tacked to the

underlying bone and periosteum.

Fig. 17.20 (a,b) Closure of basal cell excision by

transverse advancement flaps.
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Fig. 17.21 (a–d) Excision of basal cell at the

frontal hairline, closed with a small rotational flap

with placement of the skin-graft donor site in a

location that can be concealed with scalp hair.

Fig. 17.22 Donor site of forehead flap closed with a thigh graft.
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Fig. 17.24 (a–d) Moh’s defect of the central

forehead; placement of Integra on bleeding

decorticated skull followed by delayed split-

thickness skin graft.

Fig. 17.23 (a–f) An irradiated skin-soft tissue defect of the temporal forehead closed with rotation galeofrontalis flap and skin graft.
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Fig. 17.26 (a–c) Cranial base resection and scapular flap.

Fig. 17.25 (a–e) Large squamous cell carcinoma of the temporal area. Resection in conjunction with a superficial parotidectomy and neck dissection.

Closure by rotation of temporalis muscle and skin graft obtained from the blush area. Normal facial function.
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17.6.2 Outcomes

Evidence-based data regarding this heterogeneous group of

patients is cumbersome to decipher. Complications occur

similar to any skin graft, local flap, regional flap, or free

flap. These include partial or complete flap necrosis, as well

partial or complete loss of skin graft. In properly selected

and prepared patients, such complications should occur in a

very small minority. Scalp defects will often be associated

with alopecia as a result of scarring or skin grafting. As such,

all attempts should be made to design flaps such that scars

and skin grafts are hidden as much as possible in and

around the scalp. Similarly, the aesthetic units and bounda-

ries of the forehead should be respected. Secondary proce-

dures such as serial excision and tissue expansion may be

necessary for correction of unsightly alopecia or scarring.

Oncologic patients need to be observed carefully for recur-

rence, either locally, regionally, or distally, if malignant dis-

ease is being treated. Overall, when planned carefully,

complications are low and patient satisfaction is high.

17.7 Review Questions

17.7.1 True or False

1. The subgaleal plane in the scalp is heavily vascularized and

should be avoided.

17.7.2 Choose the Best Answer

2. Aplasia cutis

a) Is a very common condition of the scalp in newborns.

b) Is a congenital condition characterized by the absence of

skin and subcutaneous tissue, but can also include skull

and dura.

c) Develops within the first 3 months of life and gradually

enlarges.

d) Is another name for congenital nevus of the scalp.

3. Galeal scoring of scalp flaps

a) Can be done with impunity.

b) Has no bearing on the vascularity of the flap.

c) Can be helpful by lengthening the flap.

d) Is only needed if dura is exposed.

4. Which is true regarding forehead anatomy?

a) Only two nerves provide innervation of the forehead.

b) The supratrochlear nerves are variable in their

location.

c) Motor innervation of the frontalis is from the supraorbital

nerve.

d) Vascular supply to the forehead parallels the sensory

innervation.

5. While planning closure of forehead defects,

a) Vertically oriented primary closure should be

avoided.

b) Horizontally oriented primary closure should be

done with consideration of alteration of brow

position.

c) Skin grafts are rarely indicated.

d) Local flaps are limited to meager forehead blood

supply.

17.7.3 Answers

1. False.

2. b. Is a congenital condition characterized by the absence of

skin and subcutaneous tissue, but can also include skull and

dura.

3. c. Can be helpful by lengthening the flap.

4. d. Vascular supply to the forehead parallels the sensory

innervation.

5. b. Horizontally oriented primary closure should be done

with consideration of alteration of brow position.
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18 Nasal Reconstruction
Patrick J. Buchanan, William J. Campbell, and Bruce A. Mast

Abstract

This chapter assists in understanding the anatomy of normal

noses and defects requiring reconstruction. A critical issue in

nose reconstruction involves aesthetics, and the authors fully

address the sensitive considerations of which surgeons should

be aware. Treatment options covered include replacement of

the bone/cartilage framework, reconstructing the nasal lining,

and soft-tissue reconstruction (skin grafts, composite grafts,

local flaps, forehead flap). Guidelines involving postoperative

care and outcomes conclude the discussion.

Keywords: external skin, supporting bone and cartilage, muco-

perichondrium lining, rhinoplasty, septoplasty

18.1 Goals and Objectives
● Understand the typical patient presentation for nasal

reconstruction.
● Understand the subunit approach to nasal reconstruction.
● Clearly define the indications for the various reconstructive

options of the nose.
● Know the evidence-based perioperative care to maximize

patient safety and quality outcomes.

18.2 Patient Presentation
Anatomically, the nose consists of three central elements:

external skin, a supporting middle layer of bone and cartilage,

and a mucoperichondrium lining. Maintaining the central posi-

tion of the face, the nose is often considered the most difficult

facial feature to reconstruct well. Nasal defects are most com-

monly encountered after cancer resection or trauma, and

reconstruction can vary from simple to complex. Depending on

the patient’s age, comorbidities, and aesthetic desire, a less

complicated, quicker repair with minimal surgery or stages

may suffice. These less complicated reconstructions include

healing by secondary intention or suturing the nasal lining and

skin together. Both of these techniques will inevitably lead to a

permanent nasal deformity or distortion.1,2

The majority of patients want their nasal defect healed with-

out distortion of their appearance. In these cases, the surgeon

must be acutely aware of the previous surgical treatments for

skin cancer, radiation, trauma, or other scars. These previous

interventions may interfere with blood supply, impair healing, or

preclude specific flap options.3 Likewise, operative time, anes-

thetic requirements, hospitalization, and number of stages must

be taken into account prior to choosing a reconstruction option.

18.2.1 Defining the Defect

The defect’s size, depth, site, and surrounding skin condition

greatly influence the reconstructive decision. A small,

superficial defect is characterized as less than 1.5 cm in size

with an uninjured cartilaginous framework. A large, deep defect

is defined as greater than 1.5 cm in size and often requires

reconstruction of the underlying cartilaginous framework and/

or nasal lining.1,2,4 However, in all cases, the missing tissue and

framework must be replaced in the exact amount. If too little is

replaced then this will distort adjacent landmarks and collapse

underlying cartilage grafts. Excess replacement tissue will lead

to airway obstruction.1,2,4 The lateral ala and alar base consist

of thick fibrous tissue providing support to alar shape. Full-

thickness defects in this area will often need cartilage grafts to

prevent tissue contraction, although no cartilage is part of the

nascent anatomy.

Topographically, the nose is defined by its nasal subunits,

including lateral nasal sidewall (2), alar lobule (2), soft triangle

(2), the dorsum, tip, and the columella.5 These subunits also

need to be appreciated in the context of the subunits of the

entire face (▶ Fig. 18.1). Scars that lie within the boundaries of

subunits tend to heal in the least conspicuous manner. A super-

ficial defect with a base of healthy, well-vascularized subcuta-

neous tissue is easily reconstructed with a skin graft. Skin graft

reconstruction is best used when the defect is within the nasal

dorsum, sidewall, alar rims, or columella, as these areas natu-

rally have thin, adherent skin.2 Local flaps are a better option

when the defect is within the thicker skin of the nasal tip and

ala.6,7,8,9,10

Overall, the process of defining the nasal defect and choosing

a reconstructive approach should be thoughtful and compre-

hensive. The disease process causing the defect, past treat-

ments, patient health, and a review of old photographs should

be thoroughly evaluated. The aesthetic subunits need to be

appreciated, both for reconstruction of the defect itself and

potential use of flaps from the nose or face, in order to provide

the best aesthetic outcomes (▶ Fig. 18.2).

18.3 Preparation for Surgery
For nasal reconstruction, the principles of regional subunit

repair are applied.5 If the defect encompasses greater than 50%

of a subunit, then it is recommended that the entire subunit be

excised and reconstructed (▶ Fig. 18.3). It is always the assump-

tion that patients wish to restore their normal facial appear-

ance. Therefore, it is necessary to use the contralateral, normal

side of the nose as a guide. In cases of a bilateral nasal defect,

use an old photograph. Exact templates are helpful to

define replacement tissue dimensions and for marking land-

mark positions.2

In instances of severe or complex defects, a preliminary

operation is beneficial. The preliminary procedure can

help ensure that the margins of the defect are clear of can-

cer or necrotic debris. It also allows for an intraoperative

evaluation under anesthesia and to reopen the airway, if

needed.2,4

181



Fig. 18.1 (a-d) Aesthetic subunits of the nose and face. (From Weerda H. Reconstructive Facial Plastic Surgery 2e. New York, NY: Thieme; 2014:33.)

Fig. 18.3 Example of enlarging the nasal defect

to encompass the entire subunit. (a) In this

traumatic defect, the columella and soft triangle

subunits were entirely missing, the tip subunit

was partially missing. (b) The defect was enlarged

using the subunit principle, as demonstrated by

the inset of the forehead flap, as seen in this early

postoperative result after division and inset of the

forehead flap.

Fig. 18.2 Patient with a large oncologically induced defect of the upper lip in conjunction with columella base and nostril sill. (a) Reconstruction is

planned with an inferiorly based nasolabial flap. (b) Flap harvest and inset was done following the principles of facial aesthetic subunits.

(c) Inconspicuous scarring as a result of using the subunit principle.
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18.4 Treatment

18.4.1 Bone/Cartilage Foundation

Multiple options exist for the replacement of the bony and carti-

laginous nasal framework. The cartilaginous options include sep-

tal cartilage, conchal cartilage, and costal cartilage. Bony options

include cranial bone and other autogenous bone grafts.11,12,13

Septal cartilage provides a strong and straight construct but

can be limited in quantity. Conchal cartilage is often useful for

alar batten grafts and tip shaping, including replacement of

lower lateral cartilage (▶ Fig. 18.4). It is weaker than septal car-

tilage and has an intrinsic curve. Costal cartilage is taken from

the sixth through ninth ribs and provides a strong construct.

However, this cartilaginous option does produce donor-site

morbidity and has a tendency toward warping over time.

For nasal reconstruction requiring bone grafts, cranial bone

can be harvested from the parietal area. These bone grafts are

useful in reconstructing the bony nasal pyramid, but are prone

to resorption and distortion. Other areas for bone graft harvest

are the ribs and iliac crest. Likewise, these are subject to resorp-

tion and donor-site morbidity.

18.4.2 Nasal Lining

When reconstructing the nasal lining, there are several consid-

erations. The first is to use a well-vascularized flap to provide

internal support for needed cartilage or bone grafts. The second

is to select a material thin enough to prevent airway obstruc-

tion. The flap must also not distort the structural framework

of the nose by tension or contracture. Several options are

available.11,12,13

The nasal turnover flap has limited vascularity and is thick.

The nasolabial flap, although with good vascularity, is bulky

and may require multiple stages. The forehead turn-in flap has

good vascularity but is also bulky and may require multiple

stages. A septal mucoperichondrial flap is well vascularized and

useful in reconstructing the nasal midvault and alar domes. This

flap is a large, caudally based rectangle of mucosa or mucosa

and perichondrium. A mucosal advancement flap is a

bipedicled flap with limited availability but highly vascularized.

This flap option is capable of supporting primary cartilage

grafts. A septal door flap involves folding down the ipsilateral

nasal mucosa and then “swinging” a septal door of contralateral

mucosa with septal cartilage. Care must be taken to leave a suf-

ficient amount of septum to prevent instability. The facial artery

musculomucosal (FAMM) flap is superiorly based on the facial

artery axial blood supply. To reconstruct nasal lining by free tis-

sue transfer, the radial forearm is the most commonly used

donor site. This method of nasal lining reconstruction is per-

formed in multiple stages and requires aggressive thinning. To

reduce the number of stages required, prelaminated flaps can

be created. For prelaminated flaps, skin grafts or mucosal grafts

can be placed on the undersurface of free flaps or forehead flaps

to create the nasal lining prior to transfer. Cartilage grafts can

be placed between the healed, vascularized, laminated layers of

the transferred flap.

18.4.3 Soft-Tissue Reconstruction

Skin Grafting

Skin grafting to reconstruct a nasal defect is advantageous in

that no new scars are added to the nasal surface. The locally

available excess tissue does not limit this technique. Histori-

cally, skin grafts for nasal reconstruction are harvested from

preauricular, postauricular, supraclavicular, or forehead donor

sites.1,2 The quality of the donor skin graft is compromised by

the transient ischemia incurred prior to imbibition and inoscu-

lation. This transient ischemia leads to a pale, smooth, and atro-

phic appearance of healed skin grafts. The preauricular skin

provides a better skin color match when healed, especially

when correcting a defect within the nasal sidewall or columella.

Postauricular skin grafts remain red in appearance. Supraclavic-

ular skin grafts heal with a brown and shiny appearance. The

forehead skin and underlying fibrofatty subcutaneous layer

make this donor site thicker, stiffer, and more ideal for resurfac-

ing nasal defects of the tip and ala.

First, a pattern of the nasal defect must be created prior to

debridement to ensure a clean and vascular wound bed. If a

pre- or postauricular skin graft is chosen, elevate the graft

within the subcutaneous layer. A forehead skin graft should be

elevated superficial to the frontalis muscle. With curved iris

scissors, the skin graft is thinned to the thickness of the nasal

defect. Next, the skin graft is transferred onto the prepared

recipient site and inset using a single layer of sutures placed

around the periphery. A bolster is then affixed on top of the

Fig. 18.4 Same patient as in ▶ Fig. 18.2. Use of conchal cartilage graft

in the nostril sill to prevent soft tissue contraction and medial

retraction of the ala.
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skin graft with tie-over sutures to prohibit lateral shearing or

fluid accumulation underneath the graft. The bolster is best left

in place for 7 days. Initially, the skin graft will appear white in

color, and then gradually change from blue to pink.

Composite Grafts

A composite graft consists of more than one tissue type

(▶ Fig. 18.5). Full-thickness defects of the tip, hemi-tip, alar rim,

or alar base can be reconstructed by a composite skin and carti-

lage graft harvested from the ear, usually at the helical root.

Such grafts, similar to simple skin grafts, survive by vasculariza-

tion from the wound bed. However, since these defects are full

thickness, the wound bed is only the periphery of the wound.

Therefore, defects must be less than 2 cm in diameter otherwise

vascularization from the periphery is unreliable and the graft

has a high risk of failure. The portion of the ear that is harvested

should yield a graft that has the shape of the missing tissue of

the nose. For alar rim defects, this is usually the helical root

with donor-site closure done in an inconspicuous manner.

Local Flaps

In contrast to skin grafts, the color and quality of local flaps are

very predictable. Skin flaps are thicker than skin grafts and pro-

vide more bulk to replace missing tissue. A local flap is a viable

reconstructive option if the nasal defect is small, superficial,

greater than 5 to 10mm from the nostril margin, and is located

above the nasal tip defining point. If the nasal defect is larger

than 1.5 cm, then the excess skin of the dorsum and nasal side-

wall is insufficient to use as a local flap.

A single-lobe transposition flap, designed as a Banner or

Romberg flap, is used for small nasal defects. Excess skin from

one axis is pivoted 90 degrees to fill a deficiency in another

axis. The superior aspect of the nose and sidewalls are com-

posed of an excess of mobile skin allowing for closure of small

defects without distorting the nasal tip or alar margins. These

single-lobe flaps should not be used within the thick, rigid skin

of the nasal tip or ala.6,8

The dorsal nasal flap is an option for defects within the nasal

dorsum and superior tip subunit. Excess skin, subcutaneous tis-

sue, and muscle are elevated from the glabella region and trans-

ferred toward the nasal tip. Advancing skin from the cheek

upward on to the nasal sidewall closes the defect. The vascular

supply is from the facial and angular vessels along the nasal

sidewall and medial canthus. The drawback to the dorsal nasal

flap is that the thicker glabella skin is transferred downward

onto the nasal sidewall, near the medial canthus. This creates a

skin thickness mismatch and can create an iatrogenic epican-

thal fold.6,9

For defects measuring 0.5 to 1.5 cm, located within the thick

skin of the nasal tip and alar subunits, the bilobed flap is the

preferred reconstructive local flap technique (▶ Fig. 18.6). The

first lobe is designed adjacent to the nasal tip or alar defect.

Fig. 18.5 (a) Full-thickness nasal left hemi-tip

defect involving the alar rim. (b) Reconstruction

with composite graft harvested from the helical

root of the left ear.

Fig. 18.6 (a) Nasal sidewall defect extending

onto the ala with marked bilobed flap for

reconstruction. (b) Healed site after

reconstruction.
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Then, a second lobe is created within the excess tissue of the

nasal dorsum or upper sidewall. These two lobes are created in

continuity. The first lobe shifts to reconstruct the defect, while

the secondary lobe resurfaces the defect caused by the first

lobe. The defect caused by the second lobe is closed primarily.

The base of this rotation-advancement flap must be positioned

away from the margin of the nares to avoid distortion.

The flap’s overall rotation should be limited to 90 to 100

degrees to avoid the creation of excessive standing cutaneous

deformities.9,10,14

In designing a bilobed flap, the pivot point is placed at a dis-

tance from the nasal defect equal to the radius of the defect. For

tip defects, position the flap laterally. If the defect is within the

alar subunit, position the flap medially. Once the pivot point is

positioned, draw two concentric circles, a smaller inner circle

and a larger outer circle. The smaller inner circle is drawn equal

to the size of the diameter of the nasal defect. The larger outer

circle is drawn at a distance three times the radius of the defect.

Next, a template of the nasal defect is positioned adjacent to

the defect, along the outer concentric circle. Ensure the first

lobe is the exact size of the defect to avoid alar or tip distortion.

The second lobe is positioned within the mobile nasal skin and

is drawn slightly smaller than the secondary defect. These lobes

are elevated superficial to the level of the periosteum and

includes skin, subcutaneous adipose tissue, and the nasalis

muscle. A lateral incision is created lateral to the outer circle to

excise the standing cutaneous deformity caused by the transpo-

sition of the second lobe. This excision is then closed primarily.

The nasolabial flap is preferred for defects of 2 cm located on

the nasal sidewall or ala, or hemi-tip. This technique utilizes

the nearby medial cheek tissue to reconstruct the nasal defect.7

To start, the nasal sidewall and alar subunits are marked.

Depending on the size and location of the defect, it may be

desirable to excise the skin remaining between the defect and

the inferior nostril rim or alar base to help blend the flap’s skin

onto the nostril border. Next, the nasolabial crease is marked

with the ink pen and a pattern of the nasal defect is outlined

adjacent to this crease. This positioning allows the future cheek

scar to lie within the nasolabial crease. The width of the flap

should be equal to the width of the defect. The flap is then ele-

vated. Undermine approximately 3 to 5 cm laterally. The cheek

is then advanced. The raw undersurface of the cheek flap

should be anchored to the deep tissues along the nasal facial

groove. Excise any excess subcutaneous adipose tissue so that

the thickness of the flap matches that of the defect.

Forehead Flap

A forehead flap is the workhorse flap in nasal reconstruction. It

helps reconstruct defects larger than 1.5 cm located within the

tip or columella subunits. This flap is universally acknowledged

as an ideal reconstructive technique because of the forehead

skin quality, size of the flap, and robust vascularity. Unlike local

flaps, the forehead flap recruits skin to reduce undue tension

placed on the other nasal subunits.15,16,17

To date, the vertical paramedian forehead flap has emerged

as the standard, most universally used, forehead flap for nasal

reconstruction (▶ Fig. 18.2, ▶ Fig. 18.7). This flap has a low pivot

point providing easy reachability to the nasal defect extending

to the columella. Its donor site is closed primarily. If the most

superior aspect cannot be approximated, secondary healing

usually occurs satisfactorily without the need for a skin graft.

The vascular pedicle to this flap is based on the supratrochlear

vessels, which exit the orbit superficial to the periosteum and

penetrate through corrugator muscles. Two centimeters above

the supraorbital rim, the supratrochlear vessels enter the fron-

talis musculature and travel within the subcutaneous adipose

tissue toward the hairline.17

Traditionally, the forehead flap is transferred in two stages: a

flap transfer stage and then the pedicle division and inset stage.

The first stage allows for thinning distally and neovasculariza-

tion at the point of inset. Two to 3 weeks later, the second stage

is performed with division of the pedicle and debulking of the

proximal aspect.

During the flap transfer stage, the remaining nasal subunits

are marked and the residual skin of the tip or ala is excised. A

Fig. 18.7 Patient with a subtotal rhinectomy

defect after basal cell cancer resection. (a) Defect

violates most subunits and has loss of lining,

skeletal support, and skin. (b) Reconstruction was

accomplished using a septal pivot flap for the

dorsum, conchal, and rib cartilage for tip and

sidewall skeletal support; turnover cheek flaps for

lining; and paramedian forehead flap for skin

coverage.
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nasal pattern using the unaffected contralateral side, or ideal, is

traced overlying the supratrochlear vasculature, directly under-

neath the hairline. The supratrochlear artery pedicle is approxi-

mately 1.2 to 1.5 cm in width at the brow.

The flap harvest is started at the distal 1.5 to 2 cm in the

upper forehead and includes the frontalis muscle and the

subcutaneous adipose tissue, while leaving the frontal bone

periosteum intact. This produces a skin flap thickness of

approximately 2 to 3mm that will reconstruct the most inferior

aspect of the nasal defect. The dissection is continued deep to

the frontalis muscle and superficial to the periosteum so that

the pivot point is within the medial brow. Alternatively, in thick

skinned individuals, the dissection can begin in the upper fore-

head superficial to the frontalis muscle. This dissection plane is

carried inferiorly toward the brow to the level at which inset

into the defect is not needed. The dissection is then taken deep

to the frontalis so as to preserve the supratrochlear blood sup-

ply. The tensionless flap is then sutured into position over the

nasal defect with a single layer of sutures. The forehead donor

site is widely undermined and closed primarily, in layers.

The second stage, pedicle division, is performed 3 to 4 weeks

after the first stage. The proximal portion of the flap is re-ele-

vated, including the 2 to 3mm of adipose tissue, frontalis

muscle, and scar, and divided from its main blood supply. The

flap remains perfused through its distal inset. The superior

aspect of the nasal defect is contoured. The proximal pedicle is

closed in an inverted “V”within the medial brow.

Other forehead flap variants include the median forehead

flap, the horizontal forehead flap, and the sickle forehead flap.

The median forehead flap pedicle is based on the supratro-

chlear vasculature and has a wide base above the brows.16 The

horizontal forehead flap, or the Gillies up-and-down flap, is

used to increase flap length. However, the additional donor-site

scaring eliminates the ability to perform a second flap harvest

from the contralateral forehead.2 The sickle forehead flap is

based on the ipsilateral superficial temporal vasculature; how-

ever, the morbidity to the donor site requires a permanent skin

graft.2

18.5 Postoperative Care
The postoperative care for nasal reconstruction is similar to that

of other facial reconstructive procedures. There is some varia-

tion among surgeons, but in general the patient should keep

their head elevated, avoid trauma, avoid exposure to sunlight,

and avoid placing pressure on the repair by other mechanisms

(glasses, etc.). The remainder of the postoperative care is typical

of that for other facial surgeries.

18.6 Outcomes
The vascularity of the face is robust and all but mitigates the

risk of ischemia or infection. Therefore, overall outcomes are

usually favorable. If a complication does occur, the secondary

repair is usually always salvageable; however, this usually

comes at the expense of an increased number of operative pro-

cedures and stages. Secondary procedures are classified into

three categories: minor revision, major revision, and a complete

“redo.”

In the case of a minor revision, the overall dimension and volume

of the nasal reconstruction are correct; however, fine definition of

the subunits is needed. These revisions are typically performed

using direct incisions that are hidden within the subunits them-

selves. Most oftenminor revisions are completed in one stage.

A major revision is needed when the nasal reconstruction

results in a shapeless and/or bulky nasal appearance. Using

peripheral incisions, wide exposure is possible for gross debulking,

as needed. Major revisions may require more than one procedure.

A complete “redo” procedure is necessary when a gross tissue

deficit remains. The defect is re-created and the deficiencies are

identified and corrected. These types of secondary procedures

typically require multiple procedures.

Nasal reconstruction outcomes are functional and aestheti-

cally acceptable. Using the nasal subunit based reconstructive

technique, scars are easily concealed within the anatomic break

lines and natural creases. Multiple stages may be required;

however, with a proper reconstructive plan, tissue selection,

and nasal support, an optimal aesthetic outcome is attainable.

18.7 Review Questions

18.7.1 True or False

1. The maximum rotation of a bilobed flap is 100 degrees.

2. The nose consists of three central elements: external skin,

supporting bone and cartilage, and a mucoperichondrium

lining.

3. The subunit principle of nasal reconstruction states that if

30% or more of a subunit is missing, then the remaining

portion of the subunit should be excised completely to

achieve an optimal aesthetic outcome.

18.7.2 Choose the Best Answer

4. A 65-year-old woman presents with a 1.7-cm defect within

the nasal tip from a Mohs’ operation with clear margins. She

had no previous facial operations or rhinoplasties. What is

the best reconstructive procedure for this patient?

a) Skin graft.

b) Nasolabial flap.

c) Forehead flap.

d) Single-lobe transposition flap.

5. A 46-year-old man presents with a 0.8-cm nasal defect

within the left ala. The patient had no previous rhinoplasty

or septoplasty. The defect is from a Mohs’ excision of a

nonmalignant lesion. What is the best reconstructive option

for this patient?

a) Skin graft.

b) Dorsal nasal flap.

c) Bilobed flap.

d) FAMM flap.

18.7.3 Answers

1. True.

2. True.

3. False.

4. c. Forehead flap.

5. c. Bilobed flap.
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19 Facial Fractures
Russell Walther, Luke Pearson, Sushmita Mittal, and Dhruv Singhal

Abstract

This chapter offers a concise discussion of fracture types, surgi-

cal management, and areas of concern for each type of fracture

involving the head, neck, and scalp. Areas of concern during the

physical examination are listed so that no structure potentially

affected by a fracture is overlooked. Diagnostic procedures,

involving tools such as computed tomography imaging, are

reviewed, and then each major type of facial fracture—frontal

bone, nasoorbitoethmoid, nasal bone, zygomaticomaxillary

complex, orbital, LeFort/maxillary, mandible, panfacial—is thor-

oughly detailed. Postoperative care guidelines and long-term

outcomes conclude the chapter.

Keywords: frontal bone, nasoorbitoethmoid, nasal bone, zygo-

maticomaxillary complex, orbital, LeFort/maxillary

19.1 Goals and Objectives
● Understand the physical exam findings and diagnostic

maneuvers associated with each fracture type.
● Define the surgical indications for each fracture type.
● Understand the general surgical management and specific

areas of concern for each fracture type.
● Discuss routine postoperative care of the facial trauma

patient.

19.2 Patient Presentation
Patients with facial fractures have typically been involved in

assaults, motor vehicle accidents, falls, sporting accidents, or

work related injuries. With exception, most facial fractures are

non-emergent, and other injuries should be thoroughly evaluated

and potentially treated prior to management of facial fractures.

Evaluation and management of the airway, hemorrhage, and

neurologic injury are priority during initial assessment.

A thorough physical examination of the hard and soft tissues

of the head and neck is paramount for the diagnosis of maxillo-

facial fractures. Frequently missed soft-tissue injuries include

the posterior neck and scalp due to cervical collar placement,

external auditory canal, nasal mucosa, and intraoral soft-tissue

structures. Palpation of the bony skeleton for irregularities,

crepitus, and mobility, should be performed over the zygomatic

arches, orbital rims, zygomas, frontal bone, nose, and mandible.

Otoscopic evaluation should be performed with assessment of

the tympanic membrane and soft tissues of the external auditory

canal. Hemotympanum or mastoid ecchymosis may indicate a

skull base fracture. An anterior canal laceration can be seen with

condylar fractures or anterior auditory canal fractures.

The ophthalmic examination should include evaluation of

the cornea, conjunctiva, anterior chamber, lacrimal apparatus,

intercanthal distance, lateral and medial canthus symmetry in

the frontal plane, and fundus examination. Any patient with a

known orbital wall fracture with forehead paresthesia should

be closely scrutinized for superior orbital fissure syndrome or

orbital apex syndrome. Hyphema, findings supporting globe

rupture, intraocular foreign bodies, change in visual acuity, or a

lid margin laceration warrant ophthalmologic consultation.

Subconjunctival hemorrhage, an inferiorly displaced lateral

canthus, and zygomaticofrontal suture step-offs can be seen

with zygomaticomaxillary complex (ZMC) fractures.

Increased intercanthal distance (normal female: 32mm, nor-

mal male: 34mm), lacrimal injury with epiphora, decreased

nasal air flow, and rounding of the medial canthus are seen

with nasoorbitoethmoid (NOE) fractures. A Jones I and II test

can confirm the presence of lacrimal duct injury. The bowstring

test may demonstrate an undiagnosed medial canthus avulsion.

ZMC, NOE, and orbital wall fractures may present with diplopia

and restricted movement of the eye. Fractures involving the

orbital floor or LeFort 2 fractures will often have concurrent

infraorbital nerve injury, with paresthesia of the cheek, lateral

ala, lower lid, maxillary teeth, and buccal mucosa. Fracture of

the frontal sinus may demonstrate clear rhinorrhea, anosmia,

or epistaxis. A beta 2 transferrin test of clear nasal discharge is

used to diagnose a cerebrospinal fluid (CSF) leak.

An anterior open bite is the most common physical exam

finding in patients with maxillary fractures. Midface mobility

may be present. Lack of midface mobility does not preclude a

fracture, as an impacted maxilla may not be grossly mobile.

Epistaxis is common with maxillary, nasal, and NOE fractures.

A step in occlusion with associated open bite is common in

mandible fractures. Floor of mouth ecchymosis is pathogno-

monic of symphysis or body fractures. Vertical collapse of the

posterior ramus/condyle height causes a contralateral dental

open bite. Bilateral condyle fractures result in an anterior open

bite, which may be confused with a midface fracture.

19.3 Preparation for Surgery
Laboratory data in preparation for facial fracture repair is

dependent on age and other medical comorbidities. In general,

extensive laboratory workup specific for facial fracture repair is

limited to only those tests needed to ensure that the patient

can tolerate a general anesthetic.

A baseline ophthalmologic examination is cursory, and

expert consultation should be obtained should there be any

question as to ocular injury. While not warranted in every

instance, complex fractures involving the orbit, concern for ocu-

lar injury, or extraocular muscle impairment require expert

evaluation. In our practice, any patient requiring orbital frac-

ture repair is evaluated by ophthalmology preoperatively to

document a baseline examination. Neurosurgery evaluation

should be obtained in every patient with concern for a CSF leak

post trauma. Patients with hemotympanum, tympanic mem-

brane perforation, external auditory canal wall laceration or

fracture, temporal bone fracture, or significant change in audi-

tory acuity warrant evaluation with an otolaryngologist.

Computed tomography (CT) imaging is the gold standard for

diagnosis of maxillofacial trauma. In our practice, any patient

with significant facial fractures undergo CT imaging with 1mm
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cuts reformatted in coronal and sagittal planes. Panorex imag-

ing has some utility in the diagnosis and management of inju-

ries involving any tooth-bearing segment of the jaws. Fractures

isolated to the mandible only, with no other distracting injury,

may be diagnosed by Panorex in conjunction with other plain

film modalities like the submentovertex or reverse Towne’s

view plain films. Reliance on a single plain film view of the

mandible can result in undiagnosed fractures. No matter the

modality, a systematic approach to reviewing facial radiographs

is critical given the complexity of the anatomy.

Most facial trauma involves the oral cavity or nose, creating

specific concerns for the provider managing the airway. Airway

emergencies are minimized with discussion of airway manage-

ment with the anesthesia provider. Any dentate patient with a

fracture involving the mandible or maxilla should undergo

nasal intubation to allow maxillomandibular fixation. A sphe-

noid sinus fracture, or fracture involving the skull base, should

alert the surgeon to possible inadvertent entry of a nasal endo-

tracheal tube or any tube into the middle cranial fossa or adja-

cent spaces.1 In pan facial fractures involving the mandible and

maxilla, surgical airway management should be performed. In

patients not requiring long term ventilator support, submental

intubation provides the ability to perform maxillomandibular

fixation (MMF) without the morbidity of tracheostomy.2 In

patients requiring long term ventilator support, tracheostomy

should be performed.

19.4 Treatment

19.4.1 Frontal Bone Fracture

Frontal sinus fractures are generally caused by anterior blunt

force trauma. The leading mechanism is motor vehicle acci-

dents. With the increasing use of seat belts and airbags, there

has been on overall decrease in incidence of frontal sinus frac-

tures.3 Other mechanisms of fracture include sports injuries,

falls, falling objects, and interpersonal violence.

While many classifications of frontal sinus management

exist, consideration for repair hinges on displacement of the

anterior or posterior table and the patency of the nasofrontal

duct. Patients with non-displaced frontal sinus fractures that

involve the anterior or posterior tables, with an intact nasofron-

tal duct (NFD), and without the need for neurosurgical access

should be managed non-operatively. Nasal precautions with

avoidance of Valsalva maneuvers, closed mouth sneezing, or

heavy lifting should be instated.

Any patient with a comminuted/significantly displaced

(greater than the width of the outer table) posterior table frac-

ture or with significant brain injury or dural tear should

undergo cranialization of the frontal sinus and repair of the

anterior table. In patients with a displaced anterior table frac-

ture and intact NFD, anterior table repair only, without obliter-

ation, should be performed. In patients with a displaced

anterior table fracture with NFD involvement, obliteration of

the frontal sinus should be performed with complete removal

of all sinus lining. In patients with non-displaced anterior or

posterior table fractures with NFD injury, reduction of the NOE

component should be performed with evaluation of the NFD. If

the NFD is not patent, then obliteration with removal of all

sinus lining should be performed.4

The frontal sinus is approached through existing lacerations,

or via a bicoronal incision. Anterior table reduction techniques

vary from simple elevation of bone fragments without fixation

to removal of bone fragments and orientation extracorporeal

with fixation and reimplantation. It is important to maintain

orientation of the fragments. Traumatic distortion of the seg-

ments may occur. It may be necessary to trim the margins of

the fragments to assist in the reduction of comminuted seg-

ments.

Exploration, sinus mucosa removal, closure of the NFD, and

obliteration of the frontal sinus presents specific challenges.

When sinus mucosa removal is indicated, removal of the

entirety of the anterior table is indicated. A forceps can be

placed into the sinus to define the boundaries of the sinus

which are subsequently marked. The anterior table is indexed

with fixation, the plates are removed, and the bone is subse-

quently osteotomized. The anterior table is then elevated and

removed. All sinus mucosa and septae should be removed with

diamond burs. Placement of methylene blue in the sinus prior

to mucosa removal may help in preventing missed areas of

sinus mucosa (▶ Fig. 19.1).

NFD obstruction is accomplished with elevation of the sinus

mucosa in the frontal recess, which is then inverted and com-

pressed inferiorly to obstruct the ducts. Bone, fat, fascia, or

muscle may be placed into the recess. Obliteration of the sinus

is accomplished with bone, bone substitutes, fat, pericranium,

and muscle. Fat remains the most commonly used and studied

material.5 Synthetic resins should be avoided as they create an

avascular medium with high potential for infection.6 Posterior

table fractures, dural repair, and cranialization are generally

managed in conjunction with neurosurgery and are beyond the

scope of this text.

Paramount to any frontal sinus repair is evaluation for a CSF

leak. Clear rhinorrhea may be evaluated intraoperatively with a

halo test, though this has low specificity and sensitivity. Fluid

testing positive for beta-2-transferrin is diagnostic of a CSF leak.

Most CSF leaks resolve spontaneously; however, persistent

leaks may require cranialization and dural repair. Lumbar diver-

sion may play a role in management of some leaks.

Complications of frontal sinus injury can be subdivided into

early (< 6 months) and late (> 6 months). Early complications

include sinusitis, CSF leak, and meningitis. Late complications

include mucoceles, mucopyoceles, and brain abscess.7 Late com-

plications may present years later, therefore long-term surveil-

lance with imaging is indicated.

Advancements in endoscopic sinus surgery have generated

interest in treatment of anterior table fractures with NFD

injury. Anterior table repair without obliteration with antibiotic

administration and serial computed tomography is advocated

by some authors.8 NFD patency may spontaneously occur after

repair of the anterior table in a majority of patients, with select

patients requiring secondary endoscopic sinus surgery for NFD

outflow obstruction. Expert consultation with an otolaryngolo-

gist may be warranted in select cases.

19.4.2 Nasoorbitoethmoid Fractures

The nasoorbitoethmoid (NOE) complex is the confluence of the

nose, orbits, ethmoids, inferior frontal sinus, and floor of the

anterior cranial base. Like frontal sinus fractures, NOE fractures
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are generally the result of blunt-force trauma to the midface.

CSF leak, orbit, globe, nasolacrimal duct, nasal, and intracranial

injuries are frequently seen in association with NOE fractures.

The classic fracture pattern involves lateral nasal bones, inferior

orbital rim, medial orbit/ethmoid wall, nasal maxillary buttress

at the piriform aperture, and the junction of the frontal process

of the maxilla with the frontal bone. The NOE region involves

the major central vertical (nasomaxillary) and horizontal (fron-

tal and inferior rim) buttresses of the face. Re-establishment of

an ideal nasofrontal angle (115–130 degrees), nasal projection,

and intercanthal distance are critical in appropriate repair.

The medial canthal tendon (MCT) divides into anterior and

posterior limbs which attach anteriorly along the anterior lacri-

mal crest and posteriorly along the posterior lacrimal crest. The

MCT envelopes the lacrimal sac. The classification developed by

Markowitz et al evaluated the MCT attachment and degree of

comminution of the NOE fragment.9 In type 1 fractures, the

MCT remains attached to a large bony segment (central frag-

ment) without comminution. In type 2 fractures, the NOE seg-

ment is comminuted with the MCT remaining attached to the

central fragment. In type 3 fractures, there is comminution of

the NOE segment with detachment of the MCT. A type 1

fracture is typically discernable from a type 2 or 3 fracture

radiographically. MCT avulsion is generally determined intrao-

peratively making preoperative diagnosis of a type 2 versus

type 3 fracture difficult (▶ Fig. 19.2).

Open reduction internal fixation for NOE fractures is indi-

cated in all type 2 and 3 fractures, and in type 1 fractures with

clinically significant displacement resulting in telecanthus or

malposition of the MCT. In type 1 fractures with no clinically

significant displacement and no mobility of the MCT, close

observation of the fracture may be employed.

The NOE complex requires superior and inferior component

access. As with all fractures, existing lacerations may be used.

The superior NOE complex (nasofrontal region) is approached

through a bicoronal incision with degloving of the superior and

medial orbits. Scoring of the periosteal envelope over the radix

reduces tension when retracting inferiorly. The inferior NOE

complex is approached through a transconjunctival or external

lower lid incision. Medial orbital/NOE exploration is facilitated

with a transcaruncular incision if needed. The gullwing,

extended glabellar incision, and Lynch incision are generally

not recommended due to poor cosmesis. The piriform rim may

be plated via an intraoral maxillary vestibule incision.

The sequencing of NOE complex repair after surgical expo-

sure is as follows: the MCT is identified, the medial orbital rims

followed by medial orbital walls are reconstructed, transnasal

canthopexy is performed, the nasolacrimal apparatus is

repaired, the nasal dorsum is reconstructed, the soft tissue is

closed and the medial canthal soft tissue is bolstered.10 If the

MCT is not readily apparent, identifying the nasofrontal suture

and dissecting inferiorly and posteriorly leads to the apex of the

lacrimal fossa. The medial orbital rims are reduced and fixated

with rigid fixation. Transnasal wiring posterior to the lacrimal

fossa may assist in reduction of the medial orbital walls.

Roughly half of all patients with NOE fractures required bone

grafting or alloplastic reconstruction of the medial orbital wall.

Inadequate medial reduction and anterior projection leads to

Fig. 19.1 (a) A 32-year-old male s/p inflicted GSW to face with compromise of right frontal sinus floor and nasofrontal duct (NFD). (b) A coronal

incision was performed and the anterior table is indexed and removed with a 701 Burr (c) Removal of the anterior table reveals (d) a defect of the

frontal sinus floor. (e) Following burring of the sinus, obliteration of the NFD with bone fragments and a fronto-galeal-pericranial flap is raised. (f) The

flap obliterated the sinus. The anterior table was replaced with 0.4 and 0.6mm previously indexed plates with attention paid to burr down the inferior

aspect of the anterior table to allow passage of the flap. A split calvarial graft, donor site visible in the lower right, was utilized for nasal reconstruction

and cantilever bone grafting.

Craniofacial

190



cosmetic deformity with telecanthus that is exceedingly diffi-

cult to repair secondarily. Over-reduction is effectively impossi-

ble and leads to less postoperative complaints than under-

reduction (telecanthus).

The transnasal canthopexy is the most difficult aspect of NOE

repair. Fortunately, only 3% of patients require canthopexy. The

MCT may be posteriorly approached through the coronal

approach or anteriorly with a small incision through dermis

3mm to the medial canthus. There are multiple techniques to

anchor the MCT to a point of attachment (transnasal wire, plate,

screw). Regardless of the technique, the point of attachment

should be located superior and posterior to the posterior lacri-

mal crest. Primary repair of the nasolacrimal apparatus is con-

troversial and beyond the scope of this text (▶ Fig. 19.3).

Dorsal nasal support should be evaluated and repaired pri-

marily. Dorsal nasal grafting is indicated if the cartilaginous or

bony septum is significantly comminuted with anticipated loss

of vertical support of the nasal bones and upper lateral carti-

lages.11 A calvarial or costochondral graft may be utilized. The

distal margin of the graft should be tucked under the lower lat-

eral cartilages to prevent palpability.

The soft tissue of the medial canthal region is degloved dur-

ing NOE repair. Tight adaptation of this region may be accom-

plished with medial canthal bolstering. A large nonresorbable

suture may be passed from the medial canthal region, trans-

nasal, to the contralateral medial canthal region. The suture

may be passed back, and any type of bolster material (Xero-

form) can be secured. The bolster is removed at 7 to 10 days.12

Two main complications arise after NOE repair. Persistent

telecanthus results from inadequate medial reduction and soft-

tissue management postoperatively. Secondary repair is

exceedingly difficult and often is unsuccessful. Like primary

repair, secondary repair should focus on addressing both the

hard and soft tissue. Epiphora occurs in approximately half of

all NOE fractures immediately postoperatively.13 Most resolve

after soft-tissue swelling decreases with only 5–10% of patients

having persistent nasolacrimal duct obstruction.9 Persistent

epiphora should be treated no earlier than 6 months after NOE

complex repair.

Fig. 19.2 Schematic illustration of fractures based on Markowitz

management. (From Ernst A, Herzop M, Seidl RO. Head and Neck

Trauma: An Interdisciplinary Approach. Stuttgart, Germany: Thieme;

2006:78)

Fig. 19.3 (a) A 53-year-old male s/p a crush injury after placement of face into an industrial hydraulic compressor. Injuries included a right Markowitz

Type 2 NOE fracture, right orbital floor blowout fracture, and LeFort I, II, and III fractures. (b,c) Axial and 3D imaging of NOE fracture highlighting

transnasal wiring utilizing a Synthes 28-gauge canthal wire with barbed needle (red arrow) anchored to the left superomedial orbit (green arrow),

fixation of the medial orbital rims, and a cantilever bone graft (yellow arrow).
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19.4.3 Nasal Bone Fractures

The nasal bones are the most commonly fractured facial bone.14

While primary repair of nasal bone fractures is generally “sim-

ple,” unfavorable results occur frequently. Open repair and

posttraumatic repair are beyond the scope of this text. History

should include mechanism of trauma, direction of impact, his-

tory of prior nasal trauma, discussion of prior nasal asymmetry

and photographic evaluation. All patients should be evaluated

for the presence of a nasal septal hematoma. If present, incision

and drainage of the hematoma should be performed.

Indications for repair are esthetic and functional when nasal

obstruction or airway compromise has occurred. Contraindica-

tions to closed reduction include severe comminution of the

nasal bones or septum, associated displaced orbital wall frac-

ture, caudal septum fracture dislocation, open septal fracture,

and fractures greater than 3 weeks old. In the case of displaced

orbital wall fractures, the orbital wall should be repaired prior

to closed reduction of the nasal bones.

Fracture repair may be performed under local anesthesia or

general anesthesia. In our practice, a general anesthetic is pre-

ferred as epistaxis is common following closed reduction. Local

anesthesia administration should focus on regional blocks to

the infraorbital, infratrochlear, supratrochlear, external nasal,

and nasociliary nerves. The administration of an appropriate

amount of local anesthesia with epinephrine to regional blocks

prevents distortion of the nasal dorsum and ala. Judicious use

of oxymetazoline spray, local anesthesia with epinephrine, and

phenylephrine soaked cottonoids reduce the volume and inci-

dence of epistaxis.

After reduction of the nasal bones, splinting should focus on

three anatomic regions of importance. The external nose should

be protected with an external splint, and the nasal septum

should be maintained at midline with internal splints (Doyle,

Merocel, etc.). The internal nasal valve is often overlooked and

inadequately supported. Placement of bacitracin coated 1/4”

strip gauze into the internal nasal valve helps prevent internal

valve collapse. All patients with nasal packing should be placed

on prophylactic antibiotics to prevent or limit the development

of sinusitis and Staphylococcus aureus infection that could lead

to toxic shock syndrome.

Pediatric nasal trauma is uncommon due to lack of projection

and elasticity of the underdeveloped nasal bones and associated

cartilage. There is significant nasomaxillary growth that occurs

from the cranial base centered at the nasofrontal suture and

nasal septum.15 Most nasal growth is complete by age 5; how-

ever, significant vertical growth limited to cartilage and soft tis-

sue occurs after this age. Because of this, pediatric patients

should be counseled that secondary rhinoplasty is highly likely.

Addressing nasal airflow and traumatic nasal deformities

should be delayed as long as reasonably possible until growth

of the nasomaxillary complex is complete.

19.4.4 Zygomaticomaxillary Complex
Fractures

Zygomaticomaxillary Complex (ZMC) fractures are the most

common midface fracture. The ZMC is a tetrapod structure with

articulations classically described in four areas: (1) the zygoma-

ticomaxillary buttress (ZMB), (2) the infraorbital rim (IOR), (3)

the frontozygomatic suture (FZ), and (4) the zygomatic arch

(ZA). The fifth articulation, and most reliable in determination

of adequate reduction, is the zygomaticosphenoid suture (ZSS).

The ZMC fracture propagates through the floor and lateral walls

of the orbit (▶ Fig. 19.4).

Separate classifications by Manson et al and Zingg et al eval-

uated the degree of displacement and comminution of the

ZMC.16,17 The ZMC can be fractured at one or more of the previ-

ously noted articulations in the Manson low energy fracture, or

Zingg type A fracture. Fracture of all articulations of the ZMC

without comminution occurs in Manson medium energy frac-

tures, or Zingg type B fractures. Manson high energy fractures,

or Zingg type C fractures, result in comminution and displace-

ment of the ZMC.

Indications for surgery are both aesthetic and functional. Sig-

nificant aesthetic compromise can occur with bizygomatic wid-

ening, decreased malar projection, and displacement of the

lateral canthus. Functional indications for repair are enophthal-

mos, diplopia, or restriction of mandibular movement due to

compression of the muscles of mastication below the zygomatic

arch. Contraindications to surgical repair include no functional

impairment, a high-risk surgical candidate, minimally or non-

displaced fractures, and severe contralateral globe injury with

vision loss or impairment.

Given the variation in displacement and location of fracture

of the ZMC, difficulty surrounds three questions: (1) When

should the orbit be explored? (2) How much exposure is

required to verify adequate reduction? (3) Should fixation be

applied, and where?

With the advent of CT scans, orbital exploration when treat-

ing ZMC fractures decreased from 90 to 30% in the late 1980s.18

Surgical exploration and repair of orbital wall fractures center

around function (diplopia) which cannot be fully determined at

the time of repair. Evaluation of entrapment with a forced duc-

tion test is mandatory after reduction of the ZMC. The presence

of entrapment or significant enophthalmos are indications for

orbital exploration. Preoperative CT evaluation with greater

that 50% of the floor fractured with soft-tissue herniation has

been advocated as a guideline for repair of the floor.19 In gen-

eral, low-energy fractures involving isolated articulations do

not require orbital exploration. High-energy ZMC fractures

often require orbital exploration and repair (▶ Fig. 19.5).

Rotation of the ZMC, in addition to displacement, creates

challenges to ensure appropriate reduction. Axial rotation of

the complex around any articulation may demonstrate ad-

equate reduction at an isolated articulation, while globally the

ZMC is still significantly displaced. The zygomaticosphenoid

suture (ZSS) is the longest line of fracture and provides the

most reliable indication of adequate reduction. The frontozygo-

matic suture does not reliably demonstrate adequate reduction

of the ZMC due to ease of rotation of the complex around one

point. Open evaluation of at least 3 points of articulation is typ-

ically recommended in significantly displaced medium and all

high-energy fractures. Utilization of a Carroll-Girard screw or a

Rowe elevator can be useful in mobilization of the ZMC.

While discussion of fixation is important, it should be stressed

that reduction is the key to operative success. Ellis demonstrated

that there was no perceptible change in ZMC position post-oper-

atively when comparing fractures with and without fixation.20

He suggested that post-operative asymmetry was likely

Craniofacial
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Fig. 19.4 The articulations of the zygoma with the craniofacial skeleton are shown in (a) and (b). The best areas to visualize fracture reduction are the

internal surface of the orbit (1) and the zygomaticomaxillary buttress (2) infraorbital rim (3) and the zygomatic arch (4). The multiple articulations of

the zygoma and its relationship to the orbit, temporal bone, and maxilla. Engaging a bone hook within the temporal aspect of the zygoma facilitates

rotation and reduction. Pollock, R. Craniomaxillofacial Buttresses: Anatomy and Operative Repair. New York; Thieme: 2012.
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secondary to unsatisfactory primary reduction. Fixation of the

ZMC is primarily at the FZ and ZMB with the IOR as a secondary

location for fixation. Fixation of the zygomatic arch is reserved

for severely comminuted fractures or when coronal access is uti-

lized for fixation of other fractures. The ZSS is rarely fixated. One

point fixation is typically at the ZMB and two-point fixation is at

the ZMB and FZ. Three or four point fixation including the IOR

and ZA is reserved for significantly displaced or comminuted

fractures. Should three or four point fixation be employed, orbital

exploration should be considered given the high likelihood of sig-

nificant floor displacement. With concomitant NOE and ZMC

fractures, one must carefully consider fixation sequencing. When

employing an “outside to inside” approach during treatment of

multiple midface fractures, ORIF of the IOR to a laterally

displaced NOE fracture can appear as an adequately reduced

ZMC fracture. Significant bizygomatic widening can occur. It is

the preference of the author to approach concomitant NOE and

ZMC fractures medial to lateral in all but the most comminuted

NOE fractures.

While discussion of all surgical approaches is beyond the

scope of this chapter, careful consideration of the surgical

approach is important. If evaluation of the ZF is indicated, the

ZF and ZSS should be accessed simultaneously. An upper

blepharoplasty incision is preferred approach for ZF/ZSS evalua-

tion. The lateral brow incision should be discouraged due to

poor cosmesis. If the IOR and floor are to be explored in addi-

tion to the ZF/ZSS, a transconjunctival incision with lateral can-

thotomy or subtarsal incision provides access to all of the

Fig. 19.5 (a,b) Zygomaticomaxillary complex

fracture. Minimally displaced right zygomatic

arch, anterior and posterolateral maxillary sinus

wall, orbital floor fractures. Right

zygomaticofrontal suture diastasis. (c-f)

Zygomaticomaxillary complex fracture.

displacement of the malar fragment with soft-

tissue emphysema. Right zygomatic arch,

anterior and posterolateral maxillary sinus wall,

orbital rim, and orbital floor fractures. Right

zygomaticofrontal suture diastasis. 3D

reconstruction shows the malar fragment. (From

Baxter AB. Emergency Imaging: A Practical Guide.

New York, NY: Thieme; 2016)
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aforementioned articulations. The ZMB should be accessed

intraorally through a maxillary vestibular incision. Orbital floor

exploration typically requires an orbital incision; however,

endoscopic evaluation and management can be employed via

the maxillary vestibular incision. The inferior orbital rim inci-

sion (directly over the infraorbital rim) is contraindicated due

to morbidity and poor cosmesis.

The isolated zygomatic arch fracture has specific manage-

ment concerns. Given the morbidity of a direct open approach,

two alternative surgical approaches exist. The indirect open "Gil-

lies" approach via a temporal incision allows insertion of an ele-

vator deep to the temporalis fascia and superficial to the

temporalis muscle to reduce the zygomatic arch fracture. Careful

dissection prevents hemorrhage from the temporalis muscle. The

"Keen" approach utilizes a small 2–3cm maxillary vestibular

incision along the posterior maxillary buttress allowing indirect

open access to the arch. It should be noted that both techniques

are supraperiosteal, and rough manipulation of the tissues may

result in neurovascular damage. Reduction of the arch confirmed

by manual palpation is often adequate. Transcutaneous circumzy-

gomatic arch wiring has been described with external splinting.

Open fixation of the arch is via coronal access.

There are multiple complications that may occur related to

ZMC fractures. In general, inappropriate reduction periopera-

tively is the cause of a preventable bony cosmetic deficit, and

surgical access leads to the majority of soft-tissue complaints.

19.4.5 Orbital Fractures

The orbit is approximately 30mL in volume. It is composed of

seven bones with six fissures or canals transmitting various

structures. Knowledge of the relationship of various foramina

and nerve canals or fissures to known anatomic structures is

essential.21 While detailed anatomic review is beyond the scope

of this text, several important surgical landmarks warrant further

discussion. The nasolacrimal sac is located 4mm posterior to the

inferomedial orbital rim and is enveloped anteriorly and posteri-

orly by the medial canthal tendon. Whitnall’s tubercle lies 1 cm

below the frontozygomatic suture and 3–5mm posterior to the

lateral orbital rim. It serves as the attachment point for the lat-

eral horn of the levator aponeurosis, the lateral canthal ligament,

and Lockwood’s ligament (inferior suspensory ligament).

Orbital fractures may be divided into pure fractures involving

only the internal bony orbit, and impure fractures associated

with other mid-face fractures (ZMC, LeFort maxillary fractures,

etc).22 The majority of this section will focus on pure orbit frac-

tures. Traumatic force is applied to the periorbital region result-

ing in fracture of the orbital walls. Multiple theories explain the

mechanism of fracture as direct bony contact from the com-

pressing object does not occur in most fractures. Given the

compressive mechanism of energy transfer, the incidence of

ocular injury is high, generally reported to be in the 20–30%

range. Ophthalmology consultation is recommended in all pure

orbital fractures (▶ Fig. 19.6).

Determination of which internal orbital fractures require

treatment is difficult. Absolute indications for orbit repair

include acute (immediately evident on initial examination)

enophthalmos, hypoglobus, or mechanical restriction of ocular

mobility. Contraindications for orbit repair include hyphema,

retinal tears, lens displacement, or the fracture has occurred in

the only seeing eye. Two main reasons drive repair when

enophthalmos, hypoglobus, or entrapment are not grossly evi-

dent; they are globe malposition and nonresolving diplopia.

Patients readily identify 2 to 4mm of globe malposition.23 The

volume changes of 1cc equate to approximately 1mm of globe

malposition.24 Unfortunately, volumetric analysis of orbital vol-

ume is difficult to perform. The use of an exophthalmometer

assists in quantifying globe malposition. Fractures with greater

than half of the width of the orbital floor fractures generally

need surgical repair.25 Most patients have binocular diplopia

immediately after injury secondary to orbital edema. Binocular

diplopia immediately evident on initial examination is not an

indication for repair. Persistent diplopia may result from tissue

entrapment, globe displacement, or displacement of the origins

of extraocular muscles.

Immediate orbital repair should occur in cases of entrapped

tissue within the fracture that cause severe functional limita-

tions or when the patient has a non-resolving oculocardiac

reflex. “Trapdoor” fractures are more common in the pediatric

population. Periorbital contents, including the inferior rectus,

may be displaced into the sinus with an orbital floor that

appears grossly intact (“trapdoor fracture”). A non-resolving

oculocardiac reflex (bradycardia, heart block, nausea, vomiting)

may occur with orbital fractures and should be treated with

anticholinergics and emergent surgical exploration and repair.

Most orbital fractures should be repaired within 2 weeks.

Fractures with no restriction of ocular motility or a negative

forced duction test, but with diplopia and globe malposition

may be repaired non-urgently. Delaying repair for seven days

permits resolution of periorbital edema, making examination

and surgical repair easier. Orbital fractures with no diplopia or

none in primary or down gaze, good ocular motility, no globe

malposition, and imaging demonstrating a small defect do not

need surgical repair. Patients should be followed up and treated

in a delayed fashion if signs or symptoms arise.

Prior to repair, patients may be given a short course of dexa-

methasone (8mg three times daily for 1 day), instructed to

sleep in an inclined position, and instructed to apply cold com-

presses to the periorbital region to minimize edema. All

patients should be placed on sinus precautions (no nose blow-

ing, sneeze with mouth open, avoid Valsalva) with decongest-

ants and expectorants. If intraocular pressures are elevated

prior to repair, ophthalmology may medically reduce the intra-

ocular pressure. If the pressure is excessive (> 40, or with acuity

changes), then surgical decompression of the orbit should be

performed with a lateral canthotomy and inferior cantholysis.

Intraoperatively, bag mask ventilation should be minimized

to prevent periorbital emphysema. The globe should be pro-

tected with a corneal shield. Multiple orbital approaches exist

with multiple advantages and disadvantages of each. The selec-

tion of approach is beyond this text. All orbital dissection is lim-

ited by the inferior orbital fissure due to invagination of the

periosteum into the fissure. Bipolar cauterization of the con-

tents of the inferior orbital fissure may be utilized. This facili-

tates surgical exposure of the medial and lateral orbital walls.

All margins of the fracture should be directly visualized, with

the most important being the posterior margin or ledge. Care

should be taken to avoid posterior dissection into the superior

orbital fissure, optic foramen, or through the anterior or poste-

rior ethmoidal arteries without bipolar cauterization.
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Reconstruction of the orbital walls should be performed with

a thin, rigid material that provides appropriate resistance

against sagging or displacement. Bioresorbable materials are

not recommended.25 The material should be trimmed to cover

all margins of the fracture without impingement on vital struc-

tures. In cases of multiple orbital wall reconstruction, a pre-

formed metallic implant is of great utility in appropriate

contouring of the missing walls. Tension-free placement should

be ensured with utilization of a forced duction test. This test

should be performed prior to incision, after dissection, after

implant placement and stabilization, and after closure. Compar-

ison to the contralateral eye may be of utility if any question of

entrapment arises. All orbital reconstruction materials should

be stabilized with screws. Intraoperative or postoperative imag-

ing should be obtained to ensure adequate repair if any ques-

tion of position of the implant arises. The most common

mistake is implant placement inferior to the posterior ledge

thereby not appropriately reducing orbital contents.

Postoperatively the patient should be instructed to elevate

the head, be placed on sinus precautions, and given a short

course of steroids and nasal decongestants. A retrobulbar hem-

atoma and orbital compartment syndrome is possible post

repair. Any patient with worsening ocular pain, orbital apex

syndrome, or superior orbital fissure syndrome should be care-

fully evaluated for postoperative bleeding. The use of fenes-

trated mesh reconstruction plates may assist in mitigating the

ocular complications of postoperative orbital bleeding. Use of

antibiotics is controversial with no convincing evidence that

Fig. 19.6 (a,b) Orbital floor fracture, Right orbital

floor fracture with depression of the lateral

orbital floor. The infraorbital canal (V2 branch) is

intact infraorbital air and intrusions hemorrhage.

(c,d) Medial orbital wall fracture. Left posterior

medial orbital wall fracture with intraorbital

emphysema and fat and mesial rectus herniation

into the posterior ethmoid air cells. The mesial

rectus is tethered at the anterior margin of the

fracture. (e,f) Orbital roof fracture. Left orbital

roof fracture with extension into aerated frontal

sinus. Superior orbital extraconal hematoma and

orbital emphysema. (From Baxter AB. Emergency

Imaging: A Practical Guide. New York, NY:

Thieme; 2016)
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they prevent postoperative infection. Patients should be

instructed to avoid non-pressurized aircraft use and scuba div-

ing for 8 weeks. Commercial aircraft travel may commence after

4 weeks due to pressurization of the cabin. It should be avoided

unless absolutely necessary. The patient should be warned that

orbital pain due to intraorbital air expansion may occur and

that Valsalva maneuvers to equalize middle ear pressure may

cause periorbital emphysema.

19.4.6 LeFort/Maxillary fractures

Forces directed through the midfacial skeleton are absorbed

and transmitted through vertical and horizontal buttresses,

which are composed of areas of denser, thicker bone. The mid-

face is more resistant to vertical forces than horizontal and lat-

eral forces. The vertical buttresses include the nasomaxillary,

zygomaticomaxillary, pterygomaxillary, and ethmoid-vomerian

(septal). The horizontal buttresses include the superior orbital

bar (rims), the inferior orbital rims/zygomatic arches, and the

maxillary alveolus.

Rene LeFort described the three “great lines of weakness,”

now referred to as LeFort 1, 2, and 3 fractures.26 The LeFort 1

fracture is a transverse fracture extending across the three

walls of the maxillary sinus, piriform rims, and the pterygoid

plates, often associated with a nasal septum fracture. Pyramidal

in shape, the LeFort 2 fracture extends from the maxillary

tuberosity superomedially through the inferior orbital rim, lac-

rimal bones, and transversely across the nasofrontal suture. The

LeFort 3 fracture traverses through both zygomatic arches and

transversely across the medial and lateral orbits, also including

the nasofrontal sutures. The LeFort 3 fracture is a craniofacial

disjunction, separating the midfacial skeleton from the cranial

base. While useful for classifying fracture patterns, patients

rarely have a pure LeFort 1, 2, or 3 fracture, but more often have

some combination or component of the LeFort classification

(▶ Fig. 19.7).

The goals of operative treatment for fractures of the maxilla

are to restore dental function to preinjury occlusion and recon-

struct and stabilize the horizontal and vertical buttresses of the

face. Cases with minimally displaced fractures without change

in occlusion may be treated closed with a soft diet alone. Closed

treatment with maxillomandibular fixation alone of displaced

fractures is indicated only when there are significant medical

comorbidities precluding open repair internal fixation (ORIF).

Closed reduction with MMF alone may allow significant

midface vertical shortening, as it is difficult to control the verti-

cal position of the maxilla. ORIF is ideally performed within

two weeks post fracture; delaying surgery at least seven to ten

days is typically advantageous as edema has significantly

improved at this point.

Airway management in midfacial fractures requires special

consideration. The occlusion provides the most stable guide for

operative repair. The final occlusion must be established with-

out interference from the endotracheal tube. In cases of LeFort

1 level fractures, a nasoendotracheal tube may be employed. In

cases of LeFort 2 and 3 level fractures, a nasoendotracheal tube

may interfere with surgical management of the nasofrontal re-

gion. Basilar skull fractures and sphenoid sinus fractures pre-

clude the use of a nasoendotracheal tube due to risk of

intracranial intubation. Submental intubation, placement of the

tube through interdental spaces in areas of missing teeth, rout-

ing the tube behind the dentition, or tracheostomy are all air-

way management techniques to allow MMF.

Arch bars, or other MMF devices, are placed prior to incision.

Surgical access is accomplished through a multitude of surgical

approaches. The minimal number of approaches to ensure

appropriate reduction depends on the degree of displacement.

After surgical exposure, the fractures are mobilized. Rowe disim-

paction forceps may assist in mobilizing the fracture. Following

fracture mobilization, the patient is placed into MMF. At least

three, and most often four, points of fixation are generally recom-

mended for each fracture. The zygomaticomaxillary buttresses

and piriform rims are plated in LeFort 1 fractures. The zygomati-

comaxillary buttresses, nasofrontal region, and infraorbital rims

may be plated in LeFort 2 fractures. The zygomaticofrontal and

nasofrontal sutures require fixation in LeFort 3 fractures. After

fixation, the patient is released from MMF (▶Fig. 19.8).

The most common postfixation malocclusion is an anterior

open bite. This is the result of inadequate fracture mobilization

and reduction. The condyles of the mandible are distracted

from the fossa when the patient is placed into MMF if the mobi-

lization is inadequate. When released from MMF, the condyles

reseat, reducing posterior mandible vertical dimension, subse-

quently presenting with an anterior open bite. The surgeon

may either remove the fixation, mobilize the fracture, place the

patient in MMF and refixate, or perform a LeFort 1 osteotomy.

The LeFort 1 osteotomy is reserved for cases in which unusual

difficulty was encountered during mobilization and fixation.27

Palatal fractures occur in conjunction with approximately 8%

of LeFort fractures. Multiple classifications of palatal fractures

Fig. 19.7 (a,b) LeFort I, II, and III patterns. (From

Baxter AB. Emergency Imaging: A Practical Guide.

New York, NY: Thieme; 2016)
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exist.28 The discussion of each classification is beyond the scope

of this text. Evaluation of the occlusion may be performed pre-

operatively by obtaining dental impressions and fabricating

dental casts. Segmenting the casts along lines of fracture and

placing the patient into ideal occlusion with fabrication of a

maxillary acrylic splint assists in obtaining proper dental occlu-

sion and restoring the transverse maxillary dimension. The

treatment sequencing is similar to the repair of LeFort fractures,

with several exceptions regarding MMF and treatment

sequencing. Arch bars should be utilized and placed loosely

adjacent to fracture lines in the alveolus. The patient is trans-

versely reduced manually or with the assistance of a maxillary

splint. The patient is placed into MMF. After placement into

MMF, alveolar fractures undergo ORIF, followed by palatal frac-

tures if indicated. The arch bar may be definitively tightened

adjacent to the fractures before, during, or after ORIF. The pa-

tient should be temporarily released from MMF to ensure ad-

equate stability and reproducibility of the occlusion and

dentoalveolar segments.

The majority of patient complaints after ORIF of maxillary

fractures relate to inadequate reduction of upper midface frac-

ture lines with subsequent cosmetic deformity, and malocclu-

sion. Careful attention to detail during initial ORIF prevents

subsequent need for secondary repair of malocclusion.

19.4.7 Mandible Fractures

The incidence and etiology of mandible fractures vary depend-

ing on social, cultural, and environmental factors. Fractures of

the mandible are commonly classified by anatomic region (con-

dyle, angle, body, symphysis, coronoid) (▶ Fig. 19.9). Under-

standing the biomechanics of each region mandible fractures

assists in determining the appropriate course of treatment.

Common to angle, body, and symphysis fractures are the denti-

tion. Teeth should be extracted from the line of fracture when

the tooth prevents reduction of the fracture, has fractured

roots, has compromised periodontium (bone loss around

tooth), or has an active periapical lesion.29 The tooth may aid in

reduction and stabilization and can be extracted after ORIF.

Two general principles guide sequencing of mandible fracture

repair: (1) the least displaced fracture should be fixated first

and (2) the reduction of tooth-bearing segments should be per-

formed before that of a tooth-free segment.

The pull of the lateral pterygoid muscle usually displaces the

condyle anteromedially. Rarely, the condyle may be displaced

laterally, or into the middle cranial fossa. Condylar fractures are

the most controversial mandible fractures in determining treat-

ment. Four factors should be evaluated when considering open-

ing a condyle fracture: (1) whether there are unilateral or

bilateral condylar fractures, (2) whether the patient is edentu-

lous, (3) whether there is adequate bony contact of the frag-

ments, and (4) whether there are other fractures of the

mandible. Closed treatment is indicated in unilateral and bilat-

eral cases if there is adequate bony contact between segments

and the occlusion is stable without “drop-back,” or if the frac-

tures are intracapsular.30 Open treatment is indicated when

there is inadequate bony contact between fracture segments,

when re-establishing posterior vertical dimension in panfacial

fractures, if the condyle prevents obtaining adequate occlusion,

if the condyle is laterally displaced or displaced into the middle

cranial fossa, and if there is a medical contraindication to

MMF.31 Treating condyle fractures closed because of lack of

Fig. 19.8 (a–d) A 44-year-old man who sustained

a Le Fort 1 level fracture. The patient presented

with bilateral V2 paresthesia and an anterior open

bite. He underwent open reduction internal

fixation with 0.7-mm mini-plates along his

bilateral piriform rims and zygomaticomaxillary

buttresses.
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open operative experience of the mandibular condyle is inap-

propriate, and referral or consultation to a provider experienced

in open management of condyle fractures is indicated. For

closed treatment the patient should generally be placed into

three to four weeks of MMF followed by intensive physical ther-

apy to prevent ankylosis or limited maximum incisal opening

(▶ Fig. 19.10).

Fractures of the mandibular angle are the most common

mandible fracture. The pull of the muscles of mastication cre-

ates a line of tension along the superior portion of the fracture

line and a line of compression along the inferior portion of the

fracture line. Open versus closed treatment is dependent on

whether the fracture is favorable (not displaced by the muscles

of mastication) and if the angle fracture is isolated. Displaced

fractures with inadequate reduction should be fixated. Mini-

mally displaced fractures of the angle should also be considered

for fixation given the highly mobile nature of the mandible.

Fractures of the angle that are unfavorable should be treated

open. Favorable fractures may be treated closed with a 6-week

course of MMF. Strong consideration of ORIF of all angle frac-

tures should be considered as there is minimal surgical morbid-

ity associated with open treatment, and it obviates the need for

a 6-week course of MMF. An isolated superior border plate uti-

lizing Champy principles is adequate for isolated angle frac-

tures.32 If there are multiple mandible fractures, then rigid

fixation should be utilized with a load-bearing plate, a strut

plate with monocortical screws, or a two-plate fixation

scheme.33

Fractures of the symphysis and body region of the mandible

comprise about half of all fractures of the mandible. In the body

of the mandible, masticatory forces create tension along the

superior border and compression along the inferior border.

Moving anteriorly, this pattern transitions into torsion, with no

organized zone of compression or tension requiring additional

stabilization. Champy describes a neutral zone, below the api-

ces of the teeth and above the mandibular canal, where a single

miniplate may be placed for rigid internal fixation.32 In the

symphysis region, two miniplates, one along the inferior border

of the mandible and one at least five mm superior to this, are

required for fixation. Lag screws may also be utilized in the

Fig. 19.9 Mandible anatomy and fracture orientation: (a) (1) condyle. (2) coronoid process (3) subcondyle or ramus (4) angle (5) body (6) symphysis/

parasymphysis (7) alveolus. (b) Favorable orientation. (c) Unfavorable orientation. (From Baxter AB. Emergency Imaging: A Practical Guide. New York,

NY: Thieme; 2016: 580.)

Fig. 19.10 (a) A 20-year-old male s/p assault with complex condylar process and coronoid fracture and malocclusion. (b) Panorex following

endoscopically assisted intra-oral ORIF of condylar process fracture with a strut plate.
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symphysis region. Alternatively, a load-bearing reconstruction

style plate may be utilized along the inferior border of the man-

dible in both body and symphysis fractures. Closed reduction

may be utilized when the fracture is favorable, there is a stable

occlusion, and patient compliance is expected. In cases of

severely comminuted body or symphysis fractures, closed treat-

ment may be recommended over open treatment to prevent

devitalizing small fragments of bone.

Coronoid process fractures are rare. Management is focused

on preventing limitation in mouth opening. Coronoid process

fractures do not generally require ORIF. Usually, conservative

approaches are utilized with passive range of motion exercises

and a soft diet initially, followed by active exercises.34

Two populations deserve special discussion: the atrophic

edentulous patient and the pediatric patient. Atrophic mandi-

ble fractures traditionally were treated closed with circumman-

dibular wiring or Gunning splint placement prior to the advent

of rigid internal fixation. Patients should be treated closed if

medical comorbidities preclude open treatment. Open reduc-

tion internal fixation should be approached via an extraoral

approach due to decreased risk of infection and nonunion com-

pared to transoral approaches.35 Load-bearing reconstruction

plates with bicortical screws should be utilized. Miniplate

placement may assist in temporary reduction of the fracture

prior to placement of the reconstruction plate. In the severely

atrophic mandible, primary bone grafting may be indicated.

Post-operative paresthesia should be discussed prior to surgery.

The morbidity and risk of a non-union outweighs the morbidity

of paresthesia for most surgeons.

Treatment of the pediatric patient in the primary (age 6 or

less) or mixed dentition (age 6–12) varies considerably com-

pared to the adult patient. Although most adult patients

undergo open treatment, most children should undergo closed

treatment. The goals of pediatric mandible fracture treatment

are to obtain a bony union, normalize the occlusion, and avoid

growth disturbances.36 Growth disturbance avoidance is para-

mount in evaluation of the pediatric patient. Minor malocclu-

sions will usually self-correct if in the primary or mixed

dentition. Avoidance of injury to the developing tooth buds

generally prevents the use of rigid internal fixation and IMF

screws in the body and symphysis regions. MMF with

Risdon cables, Ivy loops, or standard Erich arch bars should

be utilized. Significant difficulty is encountered with place-

ment of these tooth-borne MMF devices. If unable to obtain

satisfactory MMF device placement, a lingual splint may be

fabricated after obtaining dental impressions. Two weeks of

MMF immobilization is sufficient in the very young, and

three to four weeks will suffice for most fractures treated

closed in the pediatric patient. Condyle fractures should be

treated for significantly less time than the adult patient,

generally 2 weeks or less.37 The risk of bony ankylosis of the

TMJ is highest in the pediatric population.

19.4.8 Panfacial Fractures

Panfacial fractures are defined as fractures involving the lower,

middle, and upper face. These fractures result from high-energy

mechanisms resulting in multi-vector injury. Reconstruction of

panfacial fractures requires re-establishment of the horizontal

and vertical bony buttresses in all three planes of space.

The most challenging aspect of panfacial trauma repair

involves treatment sequencing.38 Re-establishment of an appro-

priately dimensioned and oriented occlusal unit provides the

framework for panfacial reconstruction.39 Re-establishment of

the occlusion with appropriate width is essential. In cases of

maxilla or mandibular widening (mid-palatal fracture, symphy-

sis fracture), consultation with an oral and maxillofacial sur-

geon for fabrication of occlusal splints may be of great utility in

establishment of the buttresses of the face (▶ Fig. 19.11).

Once the occlusal unit has been established, the patient may

be placed in MMF. Two general approaches are utilized: (1) the

bottom up approach addressing the mandible first or (2) the

top-down approach addressing the frontal sinus, central and

lateral midface first. Both approaches have advantages.

Common to both are the necessity to fixate from “known to

unknown.” In both approaches, insufficient fracture reduction

and stabilization will lead to error in establishment of the

buttresses of the face. This error is magnified as subsequent

fixation is completed.

With the bottom up approach, the vertical height of the man-

dibular ramus should be established. In cases of bilateral condy-

lar fractures, at least one condyle should be reduced and

Fig. 19.11 (a-c) A 20-year-old male ejected during MVC sustaining panface fracture with bilateral condyle and left parasymphysis fracture. Given his

loss of vertical and horizontal facial buttress, he was treated with a bottom up approach. Care was taken during ORIF of his parasymphysis fracture to

narrow the mandible at the angles to prevent facial widening. Tooth no. 23 was avulsed during the injury which was clearly evident during ORIF. A

superior tension band plate was placed first, followed by a load bearing reconstruction plate.
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fixated.38,40 Any body or ramus fractures should be reduced and

fixated, followed by re-establishment of the vertical ramus

height with ORIF of the condyle fracture. Mandible fractures

should be addressed with careful attention to avoid mandibular

widening. After mandible fixation, attention is then turned to

the midface.

With the top-down approach, the patient is placed into MMF.

Evaluation of comminution and displacement of each fracture

subunit should be performed preoperatively. Reduction starts

at a point of minimal displacement and comminution, either

laterally at the zygomas or centrally in the NOE region. When

able, establishing a pillar of vertical height (i.e., frontal bone →

NOE → piriform aperture → maxillary dentition) that is solid

allows the surgeon to establish a reference from which to frame

the remainder of the midface. This may also be accomplished

laterally (FZ → ZMB → dentition). In a similar fashion, the hori-

zontal framework of the face is established from the frontal bar

or zygomas. As previously discussed, to prevent significant

facial widening care should be taken to appropriately reduce

NOE fractures, and evaluate lateral displacement of the medial

rim when plating the infraorbital rim. After ORIF of the midface,

the mandible is then reduced and fixated.

Panfacial trauma results rely heavily on preoperative plan-

ning and sequencing. Secondary revision and reconstruction is

difficult.41 In cases of severely comminuted or displaced frac-

tures, staged repair may be beneficial. On several occasions, the

author has completed re-establishing the occlusal unit and ORIF

of either the mid and upper face or mandible utilizing a second

surgery to complete the panfacial repair.

19.5 Postoperative Care
Postoperative care of the maxillofacial trauma patient depends

on the site of injury. Wound care, nutrition, and other suppor-

tive care are necessary to minimize postoperative scarring and

ensure wound healing. Lack of adherence to sinus precautions

and inadequate mandibular range of motion exercises are two

common areas of non-compliance that should be evaluated on

each postoperative visit. Normal maximum incisal opening

(measure from maxillary central incisal edge to mandibular

incisal edge) should be greater than 45mm in adults.

19.6 Outcomes
Facial fractures occur due to significant blunt force trauma. As

such, notable soft-tissue contusion or lacerations occur con-

comitant to the fractures. Overall healing is dependent on both

the soft- and hard-tissue components. In general, several weeks

are usually necessary for soft-tissue edema and induration to

fully recede. Bone healing with rigid fixation occurs in the

standard manner such that full healing is present within a few

months as well. Persistent pain at the fracture sites is normal,

but should diminish with time. However, pain and discomfort

may persist for a prolonged period. Increasing pain or visible

irregularity raise concern for nonunion or malunion. Specifi-

cally, for mandible fractures, increasing pain, trismus and

malocclusion should be considered failure to heal until proven

otherwise. Nevertheless, for the vast majority of patients,

healing occurs with favorable results and infrequent need for

hardware removal.

19.7 Review Questions

19.7.1 Fill in the Correct Answer

1. In treating a symphysis and unilateral condyle fracture,

which fracture is reduced and fixated first?

2. What is the distance from the anterior lacrimal crest to the

anterior ethmoidal artery and optic canal?

3. When evaluating the zygomaticomaxillary complex fracture,

which area of fracture allows best determination of

reduction?

4. When should the nasofrontal duct be surgically obstructed?

5. What is the most common cause of an anterior open bite

after MMF release after ORIF of a LeFort level fracture?

19.7.2 Answers

1. Tooth-bearing fracture followed by non–tooth-bearing

fracture.

2. 24mm to the anterior ethmoidal artery and 42mm to the

optic canal.

3. Zygomaticosphenoid suture.

4. When the patient is cranialized or undergoes frontal sinus

obliteration.

5. Inadequate midface mobilization with inferior distraction of

the condyles when the patient was placed into MMF.
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20 Rhinoplasty
Geo N. Tabbal and Alan Matarasso

Abstract

“Rhinoplasty” covers the spectrum of issues related to the aes-

thetic and functional components of nose plastic surgery. Fac-

tors that influence overall outcome—including patient goals,

proper patient selection, psychological fit, etc.—are discussed,

as well as up-to-date approaches and techniques used (e.g.,

software imaging systems). Salient considerations during the

presurgical physical examination are listed (e.g., physical

deformities and/or abnormalities). Preoperative preparation is

stressed, and preoperative considerations are reviewed. A sys-

tematic method of facial analysis—involving the frontal, lateral,

and basal views—is presented in table format and in the text.

Surgical techniques, including the critical area of incisions, are

identified, discussed, and compared. Guidelines for postopera-

tive care, complications, airway obstructions, deformities, and

outcomes/patient satisfaction conclude the discussion.

Keywords: closed rhinoplasty, headlight, speculum, vasocon-

striction, seasonal obstruction, rhinitis medicamentosus, hump

reduction, osteotomy, septal perforation

20.1 Goals and Objectives
After reading this article, the participant should be able to
● Discuss essential aesthetic, functional, and other components

of the preoperative assessment of patients seeking rhinoplasty.
● Identify factors that can influence overall outcome so that

successful patient selection is performed in those seeking

nasal surgery.
● Understand the common approaches and techniques used in

rhinoplasty as well as their advantages and disadvantages.
● Understand common rhinoplasty complications and be able

to identify the principles and methods used in the

management and corrective treatment of these sequelae.

20.2 Patient Presentation
Patients seeking rhinoplasty may present in a variety of ways.

Regardless of the variability in which patients seek consultation,

the initial preoperative assessment is similar. The following

methodological approach allows the surgeon to critically

understand why the patients are dissatisfied and what their

levels of expectation are for surgery. This allows the surgeon to

evaluate whether expectations can be met while also allowing

the physician to accurately assess and comprehend the patient’s

psychological fit for the intended procedure. The goals for sur-

gery should be clearly stated by the patient and easily under-

stood by the surgeon. The single most important determinant

of procedural success in rhinoplasty is proper patient selection.

It ensures that consistent, reproducible outcomes are achieved

while maximizing patient satisfaction.1

Standardized two-dimensional photographs, including the

frontal, oblique, lateral, and basal views, must be obtained in

every consultation as they are an important component of the

medical record, are instrumental in preoperative planning, and

aid in the critical evaluation of the postoperative results.2,3,4

Additionally, with the evolution and implementation of soft-

ware imaging systems commonly employed among practicing

rhinoplasty surgeons, this can be helpful for some patients to

improve communication between surgeons and their patients.2,5

Most recently, advancements in computer imaging, specifically

3D modeling, can assist in unifying the intended postoperative

goals of the surgeon with the intended vision of the patient.6,7

Careful assessment of the psychiatric state of each patient

should be performed, as it is instrumental in proper patient

selection. This includes evaluating the emotional stability and

motivating factors in patients seeking surgery. In a report by

Picavet et al, moderate to severe body dysmorphic syndromes

were reported in 33% of the overall rhinoplasty population,

while this number increased to 43% in patients seeking aes-

thetic rhinoplasty (level of evidence: risk, III).8 A significant cor-

relation was found between the prevalence of body dysmorphic

disorder in patients who sought aesthetic consultation, in

patients who had undergone previous rhinoplasty procedures,

or in patients who had an existing psychiatric history.

Obtaining a thorough nasal history is an important compo-

nent of the patient evaluation. In patients who present with

aberrant nasal physiology, identifying the laterality, duration,

and time of onset of such symptoms should be noted. Careful

inquiry into any mitigating factors that contribute to worsening

or alleviation of these symptoms, the presence of headaches,

visual disturbances, other otologic symptoms, and/or seasonal

allergies should be recorded. Other aspects of the nasal history,

including any history of trauma, previous surgery, medication

use (with particular attention to vasoactive nasal sprays), and/

or use of tobacco, alcohol, or drugs should be documented.

Physical examination of the patient plays a critical role during

the consultation, with particular attention to the nasal anatomy

(▶ Fig. 20.1). Careful identification is made of any physical

deformities and/or abnormalities of the external and internal

nasal valves, the nasal septum, and inferior turbinates. Comple-

tion of the physical assessment can be performed with the aid of

a headlight, speculum, and vasoconstriction, if needed. The pres-

ence of uncharacteristic masses found on intranasal exam or

those with obstruction of unidentifiable source dictates further

workup by rhinomanometry or sinus computed tomography.9,10,

11 External inspection should note the presence of inspiratory

collapse of the external nasal valve(s) or subjective improvement

in inspiratory breathing upon application of the Cottle maneuver

(where the examiner places gentle lateral traction on the cheek

to simulate improved suspected airway obstruction), either of

which should raise the suspicion for nasal airway obstruction.12

Successful treatment of rhinoplasty patients demands a keen

understanding of nasal physiology. Approximately 50% of over-

all airway resistance stems from the nasal airway which builds

up negative pressure during inspiration, causing the nostrils to

enlarge, the upper lateral cartilages (ULCs) to move medially

toward the septum, the internal nasal valve to narrow, and the

tip to plunge. A variety of factors, however, can influence this

process and result in various degrees of obstruction with two
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broad categories including those secondary to an anatomic eti-

ology or those that result from a physiologic response. Patients

who complain of constant obstructions are more likely to suffer

from a fixed anatomical etiology and are often unilateral while

those who have bilateral obstruction, which varies in severity,

often suffer from mucosal disease.

Seasonal obstruction relates to obstruction from pollen, dust,

mold, or other allergens and should raise suspicion for allergic

rhinitis in patients with such history. Physical examination may

be notable for “allergic shiners” which appear as dark circles

under the eye. Often, these patients have a history of past or

ongoing medication use, which must be documented prior to

surgical correction. In patients who do not present with clear

findings, trial medication management for nasal airway

obstruction can help clarify the clinical presentation.

Rhinitis medicamentosus refers to the rebound engorgement

and vasodilation of nasal mucosa secondary to the excessive

use of topical nasal decongestants including Afrin (Bayer, Pitts-

burg, PA) or Neo-Synephrine (Hospira Inc, Lake Forest, IL).

When diagnosed, treatment consists of patient education, stop-

ping the offending agent, use of combination of oral antihist-

amines and decongestants, topical nasal steroid sprays, and

potentially, a steroid taper. Asthmatics often have a crease in

the skin just cephalic to the dome area secondary to long-

standing forces that elevate the tip upward.

20.3 Preparation for Surgery
Nasal surgery is considered a clean contaminated field due to

intranasal colonization by commonly identified organisms

including Staphylococcus epidermidis, Staphylococcus aureus,

and Staphylococcus viridans. Commonly, first- or second-

generation cephalosporins are used for perioperative antibiotic

prophylaxis which should be given 30minutes prior to surgical

incision.13,14,15 However, the available literature includes several

studies that have demonstrated no difference in infection rates

with the use of postoperative prophylactic antibiotics.

Currently, there is no high-level, evidence-based research

which finds benefit in preoperative screening and treatment of

those colonized with methicillin-sensitive S. aureus. In one

review by Nicholas et al, only a history of methicillin-resistant

S. aureus (MRSA) was found to significantly correlate with colo-

nization at the time they presented for outpatient rhinoplasty

procedures.16 Other presumed risk factors including occupa-

tional health workers, recent hospitalization, and recent antibi-

otic use were not found to be lone significant risk factors.

Difficulty treating MRSA infections following septorhinoplasty

does seem to warrant careful identification of patients at risk

for MRSA colonization with swab and culture, while identifica-

tion of at-risk patients who present with suspected surgical site

infection is prudent so that empiric treatment may be initiated.

Paramount to successful rhinoplasty is a thorough preopera-

tive preparation, which helps to provide consistent, reproduci-

ble results that minimize undue sequelae. Comprehensive

analysis includes review of nasal history, anatomic examination

of both internal and external nasal structures, identification of

the patient’s deformities and their expectations for the surgical

outcome are critical factors. Most importantly, the treating sur-

geon must perform a thorough nasal analysis to establish a pru-

dent surgical plan of correction. Skin type, thickness, and

quality are noted, as thicker, more sebaceous skin tends to

camouflage changes to the osseocartilaginous framework

Fig. 20.1 Anatomical landmarks and standard terminology. (a) 1. Nasofrontal suture line, 2. Nasal bone, 3. Internasal suture line, 4. Osseocartilaginous

junction (rhinion), 5. Nasomaxillary suture line, 6. Ascending process of maxilla, 7. Levator labii superioris muscle, 8. Transverse nasalis muscle, 9.

Cephalic portion of upper lateral cartilage (articulates with undersurface of nasal bone), 10. Pyriform margin, 11. Sesamoid cartilages, 12.

Cartilaginous dorsum, 13. Upper lateral cartilage, 14. Caudal free margin of upper lateral cartilage, 15. Intercartilaginous tissue condensation, 16.

Quadrangular cartilage, 17. Anterior septal angle, 18. Tip-defining point alar cartilage, 19. Lateral crus of alar cartilage, 20. Concavity (hinge) of lateral

crus, 21. Lateral aspect of lateral crus, 22. Alar lobule, 23. Infratip lobule, 24. Columella. (b) 1. Apex of alar cartilage, 2. Medial angle of dome, 3. Lateral

angle of dome, 4. Alar cartilage transitional segment (intermediate crus), 5. Lateral crus alar cartilage, 6. Medial crus alar cartilage, 7. Medial crural

footplate, 8. Nostril aperture, 9. Nostril floor, 10. Nostril sill, 11. Lateral alar sidewall, 12. Alar lobule, 13. Alarfacial junction, 14. Anterior septal angle,

15. Caudal septum, 16. Maxillary crest 17. Nasal spine, 18. Infratip lobule. (Used with permission from Behrbohm H, Tardy E, Essentials of

Septorhinoplasty. New York, NY: Thieme; 2004)

Craniofacial

204



necessitating greater and more aggressive modification of the

osseocartilaginous framework. Thin skin, on the other hand,

may allow for identification of even slight change and reveal

the presence of minor irregularities that would have otherwise

been obscured. The nose is examined within the context of the

entire face, including the chin and neck, helping to ensure that

facial harmony and balance are achieved while preexisting

asymmetries are identified and communicated to the patient.

A systematic method of facial analysis must then be per-

formed. A variety of orderly approaches exist which allow for

through analysis which include using the frontal, lateral, and

basal views to determine key findings (Box 20.1).

Box 20.1 Systematic Nasal Analysis

● Frontal View

○ Facial proportions

○ Skin type/quality—Fitzpatrick type, thin or thick, sebaceous

○ Symmetry and nasal deviation—midline, C-, reverse-C-, S-

or S-shaped deviation

○ Bony vault—narrow or wide, asymmetrical, short or long

nasal bones

○ Midvault—narrow or wide, collapse, inverted-V deformity

○ Dorsal aesthetic lines—straight, symmetrical or asymmetri-

cal, well or ill defined, narrow or wide

○ Nasal tip—ideal/bulbous/boxy/pinched, supratip, tip-defin-

ing points, infratip lobule

○ Alar rims—gull shaped, facets, notching, retraction

○ Alar base—width

○ Upper lip—long or short, dynamic depressor septi nasi

muscles, upper lip crease

● Lateral View

○ Nasofrontal angle—acute or obtuse, high or low radix

○ Nasal length—long or short

○ Dorsum—smooth, hump, scooped out

○ Supratip—break, fullness, pollybeak

○ Tip projection—over- or underprojected

○ Tip rotation—over- or underrotated

○ Alar-columellar relationship—hanging or retracted alae,

hanging or retracted columella

○ Periapical hypoplasia—maxillary or soft tissue deficiency

○ Lip-chin relationship—normal, deficient

● Basal View

○ Nasal projection—over- or underprojected, columellar-lob-

ular ratio

○ Caudal septal deviation

○ Nostril—symmetrical or asymmetrical, long or short

○ Columella—septal tilt, flaring of medial crura

○ Alar base—width

○ Alar flaring

From Rohrich R, Adams W, Ahmad J et al., ed. Dallas Rhino-

plasty. Nasal Surgery by the Masters.. 3rd Edition. Thieme;

2014.

20.3.1 Frontal View

Facial proportions—three horizontal lines, tangent to the level

of the hairline, brow, nasal base and chin (menton)—are used to

divide the face into thirds. The lower third is further subdivided

into thirds by placing a horizontal line at the level of the oral

commissures (stomion). Concern for a craniofacial anomaly,

such as vertical maxillary excess or maxillary hypoplasia,

should be raised when deviation is identified.

Symmetry and nasal deviation are examined by using an imagi-

nary vertical line from the midglabellar to the menton to deter-

mine if the nose is straight or crooked. Deviation from the midline

is suggestive of either bone and/or cartilaginous origin. Cartilagi-

nous deviation is indicative of underlying deviation of the septum

that can be classified as midline, C-, reverse C-, S or S-shaped.

Analysis of the dorsal aesthetic lines should be performed.

These curvilinear lines should appear as two slightly curved

lines which originate at the supraorbital ridges, converge at the

level of the medial canthus, and then diverge slightly as they

extend to the tip defining points. They should be characterized

based on their symmetry, width, and degree of definition.

The cartilaginous and bony vault evaluation should include the

length of the nasal bones, their shape, and width. Ideally, the

bone base should be approximately 75 to 80% of the alar base

width and, when excessive, may warrant performing osteoto-

mies, although over-narrowing should be avoided, especially in

males as this may have a feminizing effect. The mid-vault should

be assessed for the presence of an inverted-V deformity (where

an inverted V-shape depression is palpated between the ends of

the nasal bones and the start of the upper lateral cartilage), con-

tour irregularities, and possible nasal wall collapse.

The width of the alar base is observed and should be equiva-

lent to the intercanthal distance. When in excess, the degree of

nasal flaring should then be ascertained such that greater than

1 to 2mL difference between the maximum alar width and the

alar base is maintained, suggesting the etiology is alar flaring,

often corrected by alar base resection. If less than 1 to 2mm dif-

ference is found, the underlying cause is intrinsic to a primarily

excessively wide alar base. The alar rims are examined for the

presence of retraction, notching, symmetry, and overall shape.

The outline of the rims and columella should maintain a slight

inferolateral flare resembling a gull in flight. Angles more steep

in quality suggest increased infratip lobular height.

The nasal tip is analyzed by drawing two opposing triangles

that connect the two tip-defining points, the supratip point and

the columellar-lobular angle point. By connecting these four

points with lines drawn within this diamond, the two triangles

that are formed should appear equilateral. Further analysis of

the tip should characterize the tip as bulbous or boxy and iden-

tify the possibility of alar malposition.

20.3.2 Lateral View

The lip–chin relationship is analyzed by drawing a one-half the

ideal nasal length tangent to the vermillion of the upper lip. In

the resting position, the lower lip should lie approximately 2mm

posterior to the upper lip. The ideal chin position in men should

have the chin at the level of the lower lip, while in females, the

chin should be slightly posterior. Deviation from this should raise

the suspicion that orthodontics, a chin implant, or orthognathic

surgery might be necessary (▶ Fig. 20.2).

On profile view, analysis of the nose should include the dor-

sum and tip. The radix should be ideally placed at a level

between the upper lash line and the supratarsal fold. The slope

Preparation for Surgery
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of the dorsum, identified by drawing a line from the radix to

the tip should be straight in males while a slight concavity

approximately 2mm inferior to this line with a supratip break

is considered ideal. Excessive quadrangle cartilage with inferior

descent of the nasal tip cartilages is defined as a tension nose.

Tip projection is defined as the distance from the alar cheek

junction to the nasal tip and should equal width of the alar base

as well as two-thirds of the distance from radix to the tip. An

additional method of analysis involves drawing a vertical line

tangent through the most projecting portion of the upper lip

vermillion. Fifty to 60% of the tip should lie anterior to this line

(▶ Fig. 20.3).

The degree of tip rotation is assessed by calculating the naso-

labial angle. This is the angle formed between a line connecting

the anterior and posterior portions of the nostril and plumb

line dropped perpendicular to the natural horizontal facial

plane. Men should have angles between 90 and 95 degrees, and

women between 95 and 100 degrees (▶ Fig. 20.4). Commonly

confused with tip rotation is the columellar–labial angle which

is the angle formed by the junction of the columella with the

upper lip. Ideally 30 to 45 degrees, fullness in this region usu-

ally relates to excessive caudal septum.

20.3.3 Basal View

Examination of the nose from the basal view should demon-

strate two equilateral triangles each formed by the alar rims

and nasal tip with a 1:2 relationship of the nasal tip to the

columella. The orientation of the nostril should have a slight

medial direction of the long axis and an overall teardrop

geometry (▶ Fig. 20.5).

20.4 Treatment
Surgery may be performed under either local anesthesia with

IV sedation or general anesthesia with the use of either laryn-

geal mask or endotracheal intubation. Upon induction, the

patient is prepped for surgery by first trimming the nasal hairs

and swabbing the nostrils with Betadine. For an open rhino-

plasty, the planned columellar incision is then marked with an

indelible marker if using the open approach. Next, the soft-

tissue envelope of the nose, the septum, and nasal mucosa are

infiltrated with 1% lidocaine with 1:100,000 epinephrine. Addi-

tional infiltrate is injected into the inferior turbinates if their

manipulation is anticipated. Cotton pledgets soaked in either

4% cocaine or oxymetazoline are then inserted into each nare to

help shrink the nasal mucosa, facilitate exposure, and minimize

blood loss.

The debate of whether an open versus closed (endonasal)

approach to rhinoplasty has been long-standing with firm sup-

porters of each method arguing the merits of why one is better

than the other. Regardless of the generic advantages and disad-

vantages of each method, rhinoplasty should ideally be

Fig. 20.2 Evaluation of nose-lip-chin balance

relative to the natural horizontal Frankfort plane.

From Rohrich R, Adams W, Ahmad J et al., ed.

Dallas Rhinoplasty. Nasal Surgery by the Masters.

3rd Edition. Thieme; 2014.
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Fig. 20.4 Tip rotation is assessed by calculating

the nasolabial angle. From Rohrich R, Adams W,

Ahmad J et al., ed. Dallas Rhinoplasty. Nasal

Surgery by the Masters.. 3rd Edition. Thieme;

2014.

Fig. 20.3 Proper tip projection on profile view should be measured as 0.67 times the ideal nasal length. From Rohrich R, Adams W, Ahmad J et al., ed.

Dallas Rhinoplasty. Nasal Surgery by the Masters.. 3rd Edition. Thieme; 2014.
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performed by a surgeon who tailors the operation to the spe-

cific anatomic deformities of each patient; thus, one should be

familiar with both approaches.

Many surgeons feel that the exposure provided by the open

approach allows for more precise identification of the diagnosis

or etiology for the nasal obstruction or aesthetic deformity.

Moreover, manipulation of these structures and the conse-

quence produced by their dynamic interplay is best appreci-

ated. Although the open approach can be used for all

rhinoplasties, three particular circumstances may lend them-

selves to the open approach, including revisional surgery, post-

traumatic deformities in which complete release of the intrinsic

and extrinsic deforming forces is necessary, when complex tip

modification is necessary.1,2,3

Several types of transcolumellar incisions exist and include

the stair-step and inverted-V (▶ Fig. 20.6). The ideal incision

should minimize scar contracture, provide for optimal scar

camouflage, and ease closure by the provision of anatomic land-

marks. Infracartilaginous extensions of the incision are then

made bilaterally and connected to the columellar incisions with

careful and meticulous identification of the caudal borders of

the lower lateral cartilages (LLCs) so that iatrogenic injury to

these structures and particularly the domes is prevented.

The closed approach lends itself to patients with isolated

deformities of the nasal dorsum and/or tip which require mini-

mal tip modification. A combination of incisions is often used

to access the regions of concern. They include both alar and

septal incisions.

20.5 Alar Incisions Used During
Closed Rhinoplasty
1. Intercartilaginous: incisional placement between the upper

and lower lateral cartilages.

2. Transcartilaginous: incision placed at the level of the lower

lateral cartilages with the LLCs delivered via a cartilage-

splitting approach.

3. Marginal: incision made at the alar rim and in conjunction

with an intercartilaginous incision that allows for delivery of

the LLC.

Fig. 20.5 Nostril-tip proportion should be

evaluated on the basal view. The ideal nostril-tip

relationship should be approximately 2:1. From

Rohrich R, Adams W, Ahmad J et al., ed. Dallas

Rhinoplasty. Nasal Surgery by the Masters. 3rd

Edition. Thieme; 2014.

Fig. 20.6 Open approach to nasal tip cartilages. (Used with permission

from Behrbohm H, Tardy E. Essentials of Septorhinoplasty. New York,

NY: Thieme; 2004:50)
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20.6 Surgical Incisions for Both
Open and Closed Rhinoplasty
1. Complete (transfixion) incision: the membranous and caudal

cartilaginous junction is incised in its entirety, exposing the

nasal spine and the depressor septi muscle.

2. Limited partial transfixion: allows for preservation of the

attachments of the caudal septum to the medial crural

footplates but decreases access to the nasal tip.

3. Partial transfixion: starts caudal to the anterior septal angle

and ends just short of the medial crural attachments to the

septum.

4. Hemitransfixion: placed unilaterally at the junction of the

caudal septum and columella.

5. High septal transfixion: preserves the junction of the caudal

septum to the medial crura and membranous septum.

Regardless of the method of approach, the skin envelope is then

sharply skeletonized immediately superficial to the perichon-

drial surfaces of the cartilages in a cephalad direction until the

bony pyramid is reached. At this point, a subperiosteal dissec-

tion is carried out in limited fashion over the portion of the

bony dorsum that needs modification while minimizing disrup-

tion to the periosteal attachments which maintain nasal bone

position and attachment to the ULCs. The periosteum of the

nasal bones is elevated with a Joseph periosteal elevator, and

with the same instrument the depressor septi nasi are swept off

the maxilla in order to reduce nasal tip plunging.

20.6.1 Nasal Dorsum

Hump reduction can be performed in either a composite or

component fashion. Several techniques have been described

with osteotome and rasp being the most common method of

reducing the dorsal hump (▶ Fig. 20.7). In the composite

method where the upper lateral cartilages and nasal bones are

reduced together, the risk of separating the nasal bones from

the ULCs, resulting in an inverted-V deformity, is possible and

necessitates restoration of the ULC position to maintain the

internal nasal valve.

In the component method of reduction, the ULCs are sepa-

rated from the septum by creating bilateral superior sub-muco-

perichondrial tunnels which allows for sharp division of these

transverse processes while not violating the nasal mucosa.

Alternatively, the upper lateral cartilages can be separated from

the septum with a no. 11 blade. Upon separation into three dis-

tinct components (the septum and the ULCs on each side), the

cartilaginous dorsum can then be sharply lowered under direct

visualization. The ULCs are reduced if indicated. This type of

separation of the ULCs from the septum is necessary when

spreader cartilage grafts are placed for treatment of airway

obstruction (▶ Fig. 20.8).

Fig. 20.7 Guarded Rubin osteotome completing

removal of the bony dorsal hump. (Used with

permission from Behrbohm H, Tardy E. Essentials

of Septorhinoplasty. New York, NY: Thieme;

2004:60)

Fig. 20.8 Open approach with inferior retraction of the lower lateral

cartilages, and separation of the upper lateral cartilages from the

septum. If spreader grafts are used, they are positioned in this space.
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Incremental dorsal bony reduction is then performed with

either a power burr or a guarded 8-mm osteotome when large

(> 5mm) or with a sharp, down-biting diamond rasp if smaller.

Verification using three-point palpation and a saline moistened

dominant index fingertip is performed repeatedly throughout

this process to assess for dorsal irregularities or contour depres-

sions of both the left and right dorsal aesthetic lines and the

septum centrally.

Dorsal augmentation can be carried out using a variety of

techniques with the use of autologous cartilage being most

common. Dorsal onlay grafts can be fashioned by performing

partial-thickness cuts into various shaped grafts. Care must be

taken to minimize graft visibility as skin thickness and graft

placement increase this potential risk. More commonly used in

Asia, synthetic implants include silicone (expanded polytetra-

fluoroethylene Gore-Tex) and high-density polyethylene (Med-

por; Porex Surgical, Newman, GA).

20.6.2 Septal Reconstruction/Cartilage
Graft Harvest

Cartilage grafts have been used in a wide variety of unique

applications to help augment areas where contour deformities

show deficiency as well as provide structural support (Box

20.2). Septal cartilage obviates the need for an additional donor

site but may not be present in revisionary cases. In the closed

approach, a Killian or hemitransfixion incision is often

employed. If the open approach is used, the middle crura are

separated from the anterior septal angle by incising the inter-

domal suspensory ligament. The septal mucoperichondrium is

then incised with a scalpel and a Cottle elevator used to dissect

the sub-mucoperichondrial plane posteriorly to the perpendic-

ular plate of the ethmoid bone and down to the nasal floor. A

similar dissection is then performed on the contralateral side.

Care to maintain structural integrity of the cartilaginous frame-

work necessitates the preservation of an L strut with at least

10mm of caudal and dorsal septum and at least one side of

intact septal mucosa.

Auricular cartilage lacks in volume and rigidity when com-

pared to the other sources. Costal cartilage offers ample volume

and support but has the propensity to warp which may be

minimized by balanced, cross-sectional carving. Irradiated cos-

tal cartilage avoids the morbidity of an additional donor site,

but warping does exist despite irradiation.18 Diced or morsel-

ized cartilage offers the advantage of minimizing the forces of

cartilage warping and includes several technical variations

including the Turkish delight as described by Erol, when diced

cartilage wrapped in Surgicel (Ethicon, Somerville, NJ), or

wrapped in fascia as described as Daniel.19,20

20.6.3 Osteotomies

A variety of techniques have been described, including medial,

lateral, and transverse, as well as both internal and external

methods of approaches. Three main goals, however, are shared

by such variations, including narrowing the lateral walls of the

nose, closing an open roof deformity after dorsal hump reduc-

tion, and to create symmetry by straightening the nasal bony

framework.1,2,3 Regardless of the specific technique employed,

care must be taken to ensure that Webster’s triangle, the bony

triangular area of the caudal aspect of the maxillary bony

process, is not violated so as to prevent functional nasal air-

way obstruction. Additionally, a step-off deformity at the

junction of the osteotomy should be avoided by maintaining

a smooth fracture line low along the bony vault with the

cephalic border of the osteotomy no higher than the medial

canthal ligament. The thick nasal bones above this area

increase technical difficulty and allow for potential iatro-

genic injury to the lacrimal system.

Lateral osteotomies may be performed in one of three main

varieties, with the classification nomenclature referencing

“height” relative to the face of the maxilla.

Low-to-high: Begins “low” (lateral) at the pyriform aperture

and ends “high” medially along the dorsum. Used to close a

small open-roof deformity or mobilize a wide nasal base

(▶ Fig. 20.9).

Low-to-low: Begins “low” along the pyriform aperture and

continues “low” along the base of the nasal bony vault to end

laterally along the dorsum near the intercanthal line. Consid-

ered a more powerful technique that is useful to mobilize the

Box 20.2 Overview of Rhinoplasty Grafts by
Region

● Dorsum

○ Autospreader flap

○ Dorsal onlay graft

○ Dorsal sidewall onlay graft (lateral nasal wall graft)

○ Radix graft

○ Spreader grafts

○ Septal extension graft

● Tip

○ Anchor graft

○ Cap graft

○ Columellar strut graft (fixed)

○ Columellar strut graft (floating/fixed floating)

○ Extended columellar strut–tip graft (extended shield graft)

○ Onlay tip graft

○ Shield graft (Sheen or infralobular graft)

○ Subdomal graft

○ Umbrella graft

● Alar region

○ Alar batten graft

○ Alar contour graft (alar rim graft)

○ Alar spreader graft (lateral crural spanning graft)

○ Composite alar rim graft

○ Lateral crural onlay graft

○ Lateral crural strut graft

○ Lateral crural turnover flap

● Base

○ Alar base graft

○ Columellar plumping grafts

○ Premaxillary graft

From Rohrich R, Adams W, Ahmad J et al., ed. Dallas Rhino-

plasty. Nasal Surgery by the Masters, 3rd Edition. Thieme;

2014.
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bony roof, correct a large open roof deformity, or mobilize an

excessively wide nasal base.

Double-level: In cases with severe lateral wall asymmetry or

with excessive lateral wall convexity that is too great to be cor-

rected with a single lateral osteotomy, two lateral osteotomies

may be performed. The first one performed should be the

medial of the two, and is carried out along the nasomaxillary

suture. The second, more lateral osteotomy, is then performed

in a standard low-to-low fashion.

Medial osteotomies can be performed in isolated fashion or

in conjunction with aforementioned lateral osteotomies to facil-

itate medial repositioning of the nasal bones. In the latter case,

the medial osteotomy could be performed first as this aids in

technical execution of the lateral osteotomy. The cant of the

medial ostomy can vary in orientation from medial, oblique, to

paramedian or transverse direction. However, the cephalic

extent of the osteotomy should not cross the intercanthal line

and care taken to not place the osteotome too far medially as

this may result in a “rocker deformity” where the bony dorsum

is widened from the fractured nasal bone kicking out. Percuta-

neous osteotomies with a 2-mm osteotome can also be used

and do not require closure of the skin incisions.

20.7 Postoperative Care
Patients are typically discharged home the day of surgery with

an Aquaplast nasal splint, rarely nasal packing, and a mustache

gauze dressing is used for the first 24 to 48 hours. A narcotic

prescription (typically hydrocodone/acetaminophen 5/500mg)

is provided to aid in postoperative pain control and used as

necessary. Strict postoperative care instructions include avoid-

ance of nose blowing and sneezing thru the mouth when

unavoidable. Other movements which may manipulate the

nose, including rubbing, blotting are to be avoided for the first

3 weeks.

The nasal splint and any external sutures are removed at

the first postoperative visit between days 5 and 7 after sur-

gery. Normal sensation will expect to return over the course

of 3 to 6 months. The patient’s activities should be restricted

for 3 weeks postoperatively while contact sports or activities

that may subject the nose to deforming forces withheld for

4 to 6 weeks.

Edema will resolve considerably over the first several weeks

and months following surgery, although prolonged edema may

take up to and beyond a year to resolve, particularly in the nasal

tip. Generally, the patient should be counseled that “identifi-

able” swelling by those other than the patient should last less

than 4 to 6 weeks. During the first 48 to 72 hours following sur-

gery, the patient is instructed to keep the head of the bed ele-

vated and to apply ice packs or cool compresses, such as chilled

gel eye masks (Swiss Eye Therapy), to minimize swelling. These

two interventions were found to be most commonly employed

by a recent survey of facial plastic surgeons (93 and 75%,

respectively) while only 21% of high-volume rhinoplasty sur-

geons routinely prescribe corticosteroids at any time within the

perioperative period.21

Of note, within this same limited group of high-volume sur-

geons, 61% prescribed Arnica montana, an herbal agent thought

to have anti-inflammatory properties, but which have not been

unequivocally demonstrated to produce any benefit (level of

evidence: therapeutic, II).22 Further review of the role of corti-

costeroids in rhinoplasty demonstrates considerable variance in

the dose strength, timing, route, and duration of treatment,

resulting in confusion regarding their clinical efficacy. Hatef

et al published a systematic review to evaluate the efficacy of

perioperative steroid dosing in helping reduce edema and

ecchymosis following rhinoplasty (level of evidence: therapeu-

tic, II).23 They found that perioperative administration before

surgical induction helped decrease edema and ecchymosis with

continued oral administration up to 3 days postoperatively

helping to significantly decrease the severity of both even more

effectively.

20.7.1 Complication

The incidence of reported complications following rhinoplasty

varies widely from 1.7 to 18% with the most common events

includes bleeding, infection, nasal airway obstruction, and aes-

thetic deformities.24,25,26,27,28

Bleeding is more prone to occur in patients with a history

of hypertension, family or personal history of diathesis (factor

XI deficiency), recent use of aspirin, and other nonsteroidal

anti-inflammatory agents or nutritional supplements. Pre- and

perioperative diligence can minimize these potential risk fac-

tors by maintaining close communication with the anesthesia

Fig. 20.9 Curved low lateral osteotomy,

beginning higher on the ascending process at the

level of the inferior concha, coursing lower onto

the ascending and finally curving upward toward

the medial- oblique osteotomy site. (Used with

permission from Behrbohm H, Tardy W.

Essentials of Septorhinoplasty. New York, NY:

Thieme; 2004:62.)
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provider regarding intraoperative blood pressure control. If

needed for perioperative treatment of hypertension, the patient

can be given a 0.2-mg clonidine transdermal patch (Catapress-

TTS-2; Boehringer Ingelheim Pharmaceuticals Inc., Ridgefield,

CT).2,28 Patients should be advised to avoid aspirin and other

nonsteroidal anti-inflammatory drugs for at least 7 days before

surgery and 2 weeks thereafter.

Two patterns of excessive intraoperative bleeding have been

described by Dr. Mark Constantian. Type I presents as a con-

stant, slow, multifocal bleeding starting with the first injection

and is indicative of factor VIIII deficiency which is treated with

DDAVP (see below). Pattern II, however, typically presents with

normal hemostasis for 2 to 3 hours followed by multifocal areas

of bleeding from previously treated areas and indicates fibrinol-

ysis. This process is treated by the administration of a 4 to 6 g

loading dose of intravenous Amicar (aminocaproic acid), a fibri-

nolytic inhibitor that inhibits plasminogen activators. This is

followed by subsequent administration of Amicar 1 g intrave-

nously every hour until discharge at which point the patient is

instructed to take a 1-g parenteral dose daily until the risk of

hemorrhage has passed. This pattern has been found to be

linked to the use of selective serotonin reuptake inhibitors

which are ideally stopped 2 weeks preoperatively. Because this

is often not practical, a urinalysis should be obtained preopera-

tively to rule out microscopic hematuria because of the risk for

glomerular capillary thrombosis with Amicar should its admin-

istration be necessary.29,30

Epistaxis is mild in nature and commonly occurs from either

the incisions or traumatized mucosa. Head elevation, oxymeta-

zoline nasal spray (such as Afrin; Bayer, Pittsburg, PA), and

15minutes of gentle pressure typically resolve minor cases. If

bleeding persists, the patient should be seen and anterior nasal

packing with Surgicel (Ethicon, Inc., West Somerville, NJ), lubri-

cated with antistaphylococcal antibiotic ointment placed into

the affected nare.17

Cases of continuous bleeding may benefit from the adminis-

tration of desmopressin, a synthetic analogue of vasopressin,

which increases coagulation activity by rising plasma concen-

trations of factor VIII. In a study by Faber et al (level of evidence:

therapeutic, IV), 9 of 268 consecutive rhinoplasty patients who

presented to the emergency department with refractory bleed-

ing were administered 0.2 µg/kg of intravenous desmopressin

over 30minutes.31 This effectively controlled the bleeding in all

cases. If all measures fail to control the bleeding, consultation

for angiographic embolization is necessary. Should bleeding

persist despite the aforementioned interventions, operative

exploration is mandated with exploration and cauterization

employed.

Hematomas necessitate drainage and packing, as they will

invariably lead to fibrosis, scarring, and contour deformities.

Septal hematomas can lead to perforations, necrosis of septal

cartilage and ultimately, saddle nose deformity when severe.

Cases of soft tissue infection are best avoided by judicious

use of perioperative antibiotics as discussed earlier. However,

when mild cases of cellulitis do present, the patient should be

started on cephalosporin antibiotic for 24 to 48 hours.28 Symp-

toms which fail to resolve could be secondary to MRSA and

empiric antibiotic therapy initiated based on local antibiotic

resistance patters.32,33

20.7.2 Nasal Airway Obstruction

Most patients can expect some degree of transient, operative

induced nasal airway obstruction for 2 to 3 weeks following rhi-

noplasty as edema slowly resolves. If persistent, internal exami-

nation of the nasal airway with the aid of a vasoconstrictor

should be carried out to elicit the inciting cause. Confirmation

that persistent edema is the underlying etiology may be man-

aged with nasal decongestants although topical vasoconstric-

tors should be used for less than 7 days as rebound congestion

will occur. If, on the other hand, anatomic causes of obstruction

are found, surgical intervention will be necessary but should be

delayed for at least 1 year to allow for the resolution of edema

and scar maturation.

20.7.3 Deformities

Mild deformities discovered during the postoperative period

should be conservatively managed with observation, and surgi-

cal intervention performed when persistent after one year. Sig-

nificant deformities, on the other hand, should be corrected

when identified to minimize patient dissatisfaction. Contour

irregularities can be masked temporarily with filler agents such

as Restylane (Galderma Laboratories, L.P., Fort Worth, TX)

which is placed in a specific, judicious manner. However, per-

manent correction can be achieved by injection of permanent

silicone based agents, Scar proliferation and other deformities

resulting from the healing process may sometimes occur. In

general, they are encountered in the supratip area. These can be

treated with the injection of 3 to 5mg of triamcinolone acetate

(10mg/mL) mixed in a one-to-one fashion with 2% lidocaine

using a 27-gauge needle with care taken to avoid superficial

injections that can lead to dermal atrophy or intravascular

injection.17,28

20.8 Outcomes
Although several authors have attempted to describe methods

of assessing patient satisfaction with others attempting to

quantify both functional and aesthetic results (often in relation

to the impact of various technical maneuvers performed at the

time of surgery), a lack of standardized methods in which to

assess both functional and aesthetic outcomes in rhinoplasty

persists.34,35,36,37,38 In a 2009 survey of board certified plastic

surgeons and otolaryngologists, most reported revisionary rhi-

noplasty to be required in less than 10% of patients.39 Numer-

ous factors play a role in the underlying etiology that

necessitates reoperation, but can be classified into one or a

combination of the following: displaced anatomic structures

including grafts, under correction during the time of primary

rhinoplasty from an overly conservative surgeon, or, conversely,

over-resection/overcorrection from an overzealous surgeon.

The increased complexity of revisionary rhinoplasty is attrib-

utable to altered anatomy, scar formation, previous graft

placement with potential warping, and potential cartilage defi-

ciency.40 These factors tend to influence most surgeons to adopt

an open approach in secondary cases where superior operative

exposure of the nasal framework allows for accurate diagnosis

and proper correction of the deformity.

Craniofacial

212



20.9 Review Questions

20.9.1 Choose the Best Answer

1. Closed rhinoplasty is best suited for

a) Revisional surgery.

b) Complex tip modifications.

c) Minimal tip modification.

d) Posttraumatic deformities.

2. All are key factors that can increase the chances for excessive

perioperative bleeding, except

a) Hypertension.

b) Aspirin.

c) Nonsteroidal anti-inflammatory drugs.

d) Personal or family history of bleeding diathesis.

e) History of nasal trauma.

3. The following is a true statement about cartilage grafting for

rhinoplasty:

a) Septal cartilage should not be used.

b) Costal cartilage is too soft.

c) Auricular cartilage is as rigid as septal cartilage.

d) Costal cartilage tends to warp.

e) Diced cartilage is ineffective.

4. The preoperative assessment during the preparation for

surgery should include

a) Assessment of patient’s goals and objectives for the sur-

gery.

b) Examination in multiple views.

c) Intranasal examination.

d) Detailed history of breathing issues and/or allergic rhini-

tis.

e) All of the above.

5. The most common postoperative complications encountered

in rhinoplasty include the following, except

a) Epistaxis.

b) Nasal airway obstruction.

c) Septal perforation.

d) Aesthetic deformity.

e) Infection.

20.9.2 Answers

1. Minimal tip modification (c).

2. History of nasal trauma (e).

3. Costal cartilage tends to warp (d).

4. All of the above (e).

5. Septal perforation (c).
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21 Browlift and Blepharoplasty
Jorge de la Torre and Cristiano Boneti

Abstract

This chapter surveys the salient considerations for periorbital

rejuvenation procedures. Foremost in the discussion are patient

concerns involving function and aesthetics. Areas of emphasis

during the presurgical physical examination are listed, and tests

for assessing remedial action are thoroughly covered. Common

surgical techniques—resection of excess skin, repositioning of

anatomical structures, excision of herniated fat pads—are dis-

cussed. Measures involved in both brow lifting and upper and

lower blepharoplasty are detailed and illustrated, and the chap-

ter concludes with the authors advising on postoperative care,

expected outcomes, and complications that can potentially

(though rarely) ensue.

Keywords: browlift, blepharoplasty, senile ptosis, transverse

forehead rhytids, snap test, Schirmer test, endobrow technique

21.1 Goals and Objectives
● Understand the proper evaluation of prospective periorbital

rejuvenation patients.
● Clearly define the benefits for the various periorbital

procedures.
● Appreciate the technical aspects of addressing each anatomic

component of age-related changes and/or neuromuscular

abnormalities.
● Know the evidence-based perioperative care to maximize

patient safety and quality outcomes.

21.2 Patient Presentation
Patients seeking for blepharoplasty or forehead lift present with

concerns regarding function, aesthetics, or a combination.

Functional impairment may present as a decrease in visual field

as a result of senile ptosis, with associated “tired” appearance,

or the result of trauma with or without facial nerve paralysis.

Other less common neuromuscular disorders such as myasthe-

nia gravis, tumors, or Horner’s syndrome represent a minority

of the cases. On the other hand, patients seeking periorbital

improvement of age-related changes will be peculiar about

what aspect of their appearance bothers them the most. Since

the aging face does so at different rate between patients and

between anatomic regions in the same patient, a thorough

understanding of the patient’s concerns is essential to achieve a

satisfactory result. Therefore, the history should include subjec-

tive assessment of vision, use of corrective lenses/contacts,

symptoms of dry eyes, facial nerve disorders, hypertension,

bleeding disorders, endocrine disorders, cataracts, glaucoma,

diabetes, corneal or previous lid surgery, psychiatric disorders,

trauma, and medications.

The physical examination should document not only any

existing skin lesions and dermatologic conditions but also

determine the quality of the skin and if chemical or laser peel-

ing would improve the final result.1 Integrity of the extraocular

muscles should also be documented.

A documentation of the orbital fissure will also guide the

treatment plan. Guidelines for the aesthetic goals have been

suggested by Farkas and Kolar, Flowers, and Wolford et al as

follows2,3,4:
● The forehead—distance from the anterior hairline to brow—

measures 5 to 6 cm.
● The distance from brow to orbital rim should be 1 cm; brow

to supratarsal crease, 1.6; and brow to midpupil, 2.5 cm.5

● Canthal tilt should be 3 to 4 degrees higher on the lateral

canthus.6 Lid margin to lid fold ranging from 8 to 10mm.7

● The upper lid may drape over 2 to 3mm of upper limbus,

while the lower lid should just touch the lower limbus.8

● The medial canthus should line up on a vertical plane with the

medial brow and lateral edge of the nasal ala. The intercanthal

distance should be one-fifth of the facial width.9,10

The upper eyelid exam should evaluate for asymmetries, ptosis,

levator function, skin and fat excesses, and lid retraction. The

examination must be performed in the resting position and in

an elevated brow position if a brow lift is being considered. Fur-

ther evaluation of the lower eyelid includes assessment of

scleral show, lid position, lid tone and support, entropion/

ectropion, malar bags, nasojugal folds, and skin/muscle/fat

excess.11

The age-related changes in the orbicularis oculi result in the

crow's feet and contribute to lid ptosis. Such changes are the

result of muscle relaxation as well as increasing laxity and

attenuation of the orbicularis ligamentous attachments.12

Observation of the skeletal anatomy is also very important, as a

negative vector between the globe, the lower eyelid margin,

and the malar eminence also known as “polar bear syndrome”

portends an inferior result after lower lid blepharoplasty unless

appropriate modifications of lower lid surgery are made.1,8

Finally, documentation of Bell's phenomenon is important as it

is a protective reflex.

21.2.1 Preparation for Surgery

Patient evaluation should begin with a visual field test to assess

and validate the need for ptosis correction. Once that is estab-

lished, bilateral ptosis correction is invariably necessary even if

unilateral ptosis is observed. As the pathologic side is corrected,

decrease lid elevation reflex will unmask a compensated ptosis

on the contralateral side.

Lower eyelid laxity must be assessed with a snap test, and a

Schirmer test may be helpful to diagnose dry eyes. Noteworthy is

the fact that Rees and LaTrenta found that 65% of patients with

postoperative dry eye syndrome had a normal Schirmer test.13

Next, it is important to determine if brow elevation is indi-

cated. If blepharoplasty is to be performed in combination with

brow lift, the eyelids are addressed first to avoid the distortion

resulting from edema after the brow lift. It is important to allow

for the brow elevation during marking of the upper lids to avoid

overcorrection.

Currently, the preferred method of brow lift is the endobrow

technique because of comparable brow elevation, long-lasting
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results, and improved cosmesis. However, if an elevation or

advancement of the hairline is intended, then an open tech-

nique must be used.

In a healthy patient and with no history of bleeding disorder,

no further workup is necessary. Comorbidities are evaluated

accordingly.

21.3 Treatment
The goals of periorbital surgery are to restore a youthful

appearance. The steps used to accomplish it consist of resection

of excess skin, repositioning of the anatomical structures, and

excision of herniated fat pads.

The essential elements of a successful operation are judicious

resection of redundant skin, fat, and muscle while preserving or

restoring symmetry and function. Goals for the upper lid include

the restoration of sharp, crisp tarsal folds and a pretarsal show

with deepening of the orbitopalpebral sulcus. The lower lids must

appear smooth and soft. Distortion of lid shape and position must

be avoided. The brow should be elevated to the level of the supe-

rior orbital rim in males and 1cm above in females. It is critical

to evaluate both the eyelids and the brow with regard to ptosis.

The procedure may be performed under general anesthesia

or local anesthesia plus anxiolytics. If local anesthetic route is

chosen, 1mL of 1% lidocaine with epinephrine is injected on

each eyelid prior to the procedure. A diluted lidocaine 0.25%

with epinephrine is infiltrated in the forehead and a supratro-

chlear, supraorbital, and infraorbital nerve block is obtained.

With general anesthesia, lidocaine is not necessary and diluted

epinephrine 1:1,000,000 is sufficient.

The patient is placed supine with a headband exposing the

entire face and ears. Considering the good vascular perfusion

and extremely low risk of infection, skin cleansing with perox-

ide is enough. We believe the peroxide alone is adequate prepa-

ration of the skin as long as there is no bone exposure or work

performed.

21.4 Brow Lifting
Rejuvenation of the brow is designed to address three main

areas: (1) position of the eyebrow, (2) transverse wrinkles, and

(3) forehead height (distance from the eyebrow to the hairline).

The anatomy of the forehead muscles includes the frontalis

which elevates the brow and results in the transverse rhytids.

The depressor muscle includes the procerus and corrugators

which cause vertical glabellar rhytids and the orbicularis oculi

muscle. Various approaches to perform browlift procedures

include the standard approach, the pre-hairline incision, endos-

copy, direct incision, and upper blepharoplasty approach

(▶ Fig. 21.1).

21.4.1 Open Forehead Lift

Patients with significant to severe forehead ptosis and signifi-

cant asymmetry of the brows or deep forehead wrinkles may

require an open or combined approach. The open approach can

be very successful in re-creating lateral brow elevation. The pre-

ferred incision varies according to the sex, hair pattern, and

desired elevation of the forehead. In females, an incision within

the hair-bearing scalp is well tolerated and will hide the scars.

It avoids shortening of the forehead, but can result in posterior

displacement of the hairline. Therefore, it is best suited for

patients with short forehead distances (< 6 cm), and should be

carefully considered in patients with high hairlines. According

to Connell and Marten, every 1mm of eyebrow elevation pro-

duces 1.5mm of elevation of the hairline.14 It should also be

carefully considered in men at risk for male pattern baldness, as

the scar will become apparent with hair loss. In bald patients,

superciliary or midforehead incisions can avoid the visibility of

a scalp incision and be disguised within the normal transverse

forehead rhytids.

Once the incision is made, a subperiosteal dissection will pro-

vide the most reliable and lasting elevation. Gentle blunt dissec-

tion can be performed with a periosteal elevator. This allows

maximum mobilization of the skin and soft tissues. Lateral dis-

section to release the orbital retaining ligament is helpful in

obtaining lateral elevation. Several approaches have been

described with particular advantages and disadvantages.

A hairline incision is preferable in patients with long fore-

heads (> 10 cm), as it avoids lengthening the forehead. Incisions

are placed perpendicular to the skin and parallel to the hair fol-

licles, as it allows the growth of hair through the scar making it

very acceptable to patients.15 A subcutaneous approach will

Fig. 21.1 Standard browlift approach— (a) skin excision (blue) with subperiosteal undermining (yellow); (b) pre-hairline biplanar approach—skin

excision (blue) with subcutaneous undermining (green); (c) endoscopic browlift approach—–endoscopic access incisions with subperiosteal

undermining (red).
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directly remove the skin attachments to the muscle, effectively

addressing the transverse wrinkles (▶ Fig. 21.2).

21.5 Endoscopic Forehead Lift
Patients with mild to moderate ptosis will benefit the most

from this approach. It is also preferable that forehead length is

with the normal range of 6 to 10 cm. The principle behind

endoscopic forehead lift is that with ablation of the eyebrow

depressors, forehead elevation will be unopposed by the fronta-

lis muscle function. Division of the periosteum allows free repo-

sition of the eyebrows and once it adheres to the underlying

bone, a natural, dynamic, long-term result can be expected.16,17

Although the use of firm fixation with screws or sutures has

been described, physiologic correction alone provides excellent

outcomes and helps avoid the undesirable excessively elevated

appearance that can occur with rigid suspension of the brow.

Access for the endoscopic cavity is obtained through three

triangular incisions marked anterior to the frontal hairline. As

indicated, the incisions are beveled to match the direction of

the follicles. This helps preserve the hair follicles and avoids alo-

pecia at the scars. The incisions need to be just sufficient for

introduction of the endoscopic equipment.

The triangular shape allows for additional access to permit

passage of the endoscope through the incision without extending

its length. In addition, the horizontal closure of the triangular

incision provides a slight amount of extra brow elevation. The

three minimal access incisions are placed at the frontal pre-hair-

line level, one at the midline and the two at lateral incisions in

line with the lateral limbus. The size and location can be adjusted

to account for asymmetries with regard to forehead ptosis.

The marked skin and subcutaneous tissue are excised above

the musculo-aponeurotic tissue. The galea and the periosteum

are bluntly separated with a closed hemostat dissecting along

the muscle fibers to avoid damage of the local sensory nerves.

Using a curved periosteal elevator, the subperiosteal dissection

extends to the supraorbital rims and to the frontotemporal

line (▶Fig. 21.3). Dissection is extended to the nasal tip to

release the procerus. Direct visualization is obtained using a

lighted rigid endoscope (▶Fig. 21.4) and endoscopic video monitor

(▶Fig. 21.5). An optical cavity is created using a sheath around the

scope to elevate the soft tissue off the lens. In addition, three nylon

suspension sutures are placed externally just above the brow line

(▶Fig. 21.6). Divergent traction is placed on the sutures. The trac-

tion on the sutures helps create an optical cavity.

The supraorbital periosteum is divided completely to the

level of the lateral orbital rims with an endoscopic carpal tunnel

hook knife scalpel. Resection of the corrugators, procerus, and

other depressors is achieved bluntly with a grasping forceps.

The supratrochlear and supraorbital nerves are identified and

preserved. The glabellar region is inspected after resection to

ensure that the contour is smooth and not depressed or irregu-

lar. If there is any depression, a small amount of fat or SMAS

can be used to fill the area (▶ Fig. 21.7, ▶ Fig. 21.8, ▶ Fig. 21.9).

Fig. 21.3 Various blunt dissectors, note hook scalpel on far right.

Fig. 21.4 Lighted endoscope with protective sheath.

Fig. 21.2 (a) Open pre-hairline approach with

subcutaneous elevation and endoscopic

approach through the frontalis muscle to release

the supraorbital periosteum. (b) Tension-free

redraping of excess skin for excision after

plication of the frontalis muscle.

Endoscopic Forehead Lift
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At the end of the procedure, the incisions are closed trans-

versely. After closure of the access incisions, temporary suspen-

sion is obtained with cable sutures. A single staple is placed

across the closure of each incision and approximately 4 cm pos-

terior within the hair-bearing scalp. A 3–0 Nylon suture is

passed through both staples and tightened to suitably suspend

the brow during the immediate postoperative period. This

direct, external suspension allows for adjustment to avoid post-

operative asymmetries. The staples and nylon sutures are left in

place 3 to 5 days. This time period allows for adhesion of the

periosteum and long-term effect. The resection of the depressor

muscles obviates the need for other methods of suspension.

Postoperative suspension has been described with internal

sutures securing through tunnels drilled in the external table of

the frontal skull or using bone screws. Absorbable tacks are also

available to stabilize the soft tissue. A simple method is the use

of external nylon sutures thread through staples across the

three endoscopic incisions and several centimeters posterior in

the hair-bearing scalp (▶ Fig. 21.10).

21.6 Upper Blepharoplasty
The preferred lower skin incision is placed at the supratarsal

crease incision, 9 to 12mm above the eyelid margin. The upper

skin incision is determined based on the amount of excess skin.

The amount of skin to be resected is determined before surgery,

marking the patient in an upright position and by pinching the

lid skin using a fine forceps. Conservative skin resection is rec-

ommended, especially if the forehead lift is to be performed

after the blepharoplasty. If blepharoplasty is performed in com-

bination with forehead lift, estimation of the skin resection

should be done with manual elevation of the brow simulating

the expected forehead lift effect. Medial and lateral aspects of

the incision for dealing with skin redundancy at either end have

been addressed in various ways, removing the skin with a

resection design that will result in a scar with an acute angle

superior and lateral results in improved scar appearance. The

resection can be performed separately where first one remove

the skin alone dissected off the muscle followed by muscle

resection separately or an en bloc of skin with orbicularis

muscle. Skin resection alone is safer and allows for judicious

resection of orbicularis muscle under direct visualization. It is

critical to avoid injury to the levator muscle when resecting

orbicularis muscle (▶ Fig. 21.11a).

Excess or herniated orbital fat is removed through small

openings in the orbital septum. Gentle separation through the

septum with a mosquito hemostat provides access to the fat

compartments. The medial compartment is often more medial

than anticipated and is usually pale in color compared to the

other compartments. Careful hemostasis is essential to avoid

complications such as hematomas or even blindness. Finally,

Fig. 21.5 Note operative surgeon is at the head

of the patient, the monitor is at the patient’s feet,

and the assistant is to the side.

Fig. 21.6 Triangular incisions and three nylon sutures to create optical

cavity. The sutures a and c are pulled “divergently.”
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plication of the levator muscle to tarsus is performed as needed

for ptosis (▶ Fig. 21.11b, ▶ Fig. 21.12).

21.7 Lower Blepharoplasty
The approach to the lower lid includes the use of transconjunc-

tival incision or an external skin incision. Eye protectors are

highly recommended, particularly with the transconjunctival

approach, to avoid corneal abrasion or injury. A temporary frost

suture to close the lids is an option to protect the cornea when

an external skin incision is used. External incisions allow resec-

tion of skin; however, it should be noted that skin excisions

should be very conservative to avoid postoperative ectropion.

Although lower lid incisions can be placed in a skin crease

within the lower lid, typically a subciliary incision is preferred.

Pinching the lower lid skin to determine the amount of excess

skin to be resected is a reliable technique. This method pre-

serves the blood supply to the lower lid, avoiding complications

associated with skin-only techniques. Reported complications

include ectropion and denervation of the orbicularis muscle

(▶ Fig. 21.13a).

A subciliary skin–muscle flap technique exposes the orbital

septum down to the level of the orbital rim.18 It is important

also to avoid injury to the lower lid orbicularis muscle and to

preserve innervation to the muscle in order to avoid ectropion.

Gentle pressure on the globe will demonstrate the herniated

fat compartments. The periorbital fat is removed through

Fig. 21.7 Resection of depressor muscles under

direct visualization; note suspension sutures to

create optical cavity. (Note the surgeon is using

bimanual palpation and the assistant is

controlling the endoscope.)

Fig. 21.8 Endoscopic view of grasper resecting depressor muscles.

Fig. 21.9 Release of periosteum with hook scalpel.

Lower Blepharoplasty
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perforating incisions in the orbital septum. Conservative fat

resection can improve the lid–cheek junction and the appear-

ance of the transition from the lower lid to the malar fat pad by

removing the fat from the bulging lower lid compartments.

Over-resection of fat results in a hollowed, aged appearance.

One option to avoid this is the release of the arcus marginalis

as described by Hamra and others.12 After release of the arcus

marginalis, the lower lid fat is dissected out from the compart-

ment, but left attached to preserve the vascular supply. It is

draped into the tear trough beneath the lower lid skin flap. This

helps ameliorate the transition from the lower lid to the cheek.

Alternatively, the malar fat pad can be elevated superiorly

through the lower lid incision (▶ Fig. 21.11) to address the tear

trough area. In addition to improving the transition from the

lower lid to cheek, this adjunct has greatly reduced the risk of

lower lid ectropion in patients undergoing lower lid blepharo-

plasty (▶ Fig. 21.13b).

Senile horizontal laxity of the lower lid may be addressed by

wedge excision. As suggested by Codner et al, pulling the

incised lower lid laterally will confirm intraoperatively the

degree of laxity.19 When there is less than 3mm of laxity over-

lapping the lateral orbital rim, it can be managed with a cantho-

pexy alone. More severe redundancy usually requires a formal

canthoplasty.

21.8 Postoperative Care
In the immediate postoperative period, cool packs are recom-

mended as is elevation of the head (▶ Fig. 21.14). Direct contact

with ice pack should be avoided as they can result in thermal

injury.

Patients are instructed to wash their face and hair with soap

and water as usual. However, they are cautioned to be especially

cautious about hot water as the protective sensation may be

impaired for a few weeks. We ask patients to avoid hair driers

and makeup until the scabs fall off. Once that happens, we rec-

ommend avoiding sun exposure and to apply sunscreen.

Fig. 21.10 Closure of access incisions and placement of nylon

suspension sutures to provide temporary suspension. Fig. 21.12 Upper blepharoplasty incisions 1 week postoperatively.

Fig. 21.11 (a) Surgical landmarks. Upper lid margin covers 1 to 2mm of the upper limbus (red arrow); Lower lid is at the lower limbus (green arrow);

the distance from the upper lid margin to the lid crease is approximately 8mm (blue arrow). (b) Immediate postoperative appearance following

biplanar open browlift, upper and lower blepharoplasty. Note there is some anticipated lagophthalmos in the immediate postoperative period, which

will resolve.
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Retention sutures from endoscopic forehead lift are removed

in 3 to 5 days.

21.9 Outcomes
Most patients heal uneventfully with very favorable improve-

ment in their appearance. Nevertheless, various complications

can occur, with serious complications occurring infrequently or

rarely (▶ Fig. 21.15, ▶ Fig. 21.16).

21.10 Complications

21.10.1 Visual Loss

Blindness after blepharoplasty is thought to be a result of

increased intraorbital pressure secondary to hemorrhage. The

estimate incidence is 0.04%.20 Several cases of visual loss after

blepharoplasty have been reported.21,22 Treatment of retrobul-

bar hemorrhage requires immediate decompression of the orbit

by opening the skin incisions and releasing the septum and the

lateral canthus; reduction of intraocular pressure with an

intravenous osmotic agent (20% mannitol, 1–2mg/kg body

weight, 12.5 g administered over 3minutes and the remainder

over 30minutes, and 500mg acetazolamide [Diamox] IV bolus

followed by 250mg by mouth every 6 hours); and administra-

tion of 95% oxygen/5% CO2 mixture to dilate intraocular and

intracerebral vessels.5,23

21.10.2 Corneal Injury

Prevention with corneal shields and gentle handling of tissues

is the main strategy; however, they must be used carefully as

their placement can lead to corneal injuries as well. Once a cor-

neal injury is suspected, fluorescein and Wood's lamp can con-

firm the diagnosis. Where superficial injuries can be managed

with topical antibiotics and patching of the eye, large or deep

corneal abrasions should be referred to an ophthalmologist.

Upper blepharoplasty that sufficiently corrects skin excess and

ptosis may result in temporary lagophthalmos. This will resolve

within 2 weeks or less. In the interim, patients must be edu-

cated on using artificial tears and, if needed, ophthalmic oint-

ment at night. In some cases, taping or an eyepatch while

sleeping may be required to protect the cornea.

21.10.3 Bleeding

Meticulous hemostasis, good technique, and good intraopera-

tive and perioperative blood pressure control are the best strat-

egy to prevent this complication. Many authors have suggested

that traction on the posterior vessels during aggressive fat

resection, poorly controlled fat pad vessels that retract into the

orbit, and bleeding deep into the orbit from the cut edges of the

orbicularis are the likely sources of bleeding.24,25

21.10.4 Diplopia

Where temporary diplopia is likely the result of healing inflam-

matory reaction, edema, or small hematomas, permanent

diplopia or strabismus is thought to occur from damage to the

extraocular muscles or nerves.26 The most commonly injured

muscle is the inferior oblique muscle, followed closely by the

superior oblique muscle.22

Fig. 21.14 Placement of cool packs rather than ice.

Fig. 21.13 (a) Intraoperative view demonstrates excess skin, draped

tension-free, (b) immediately postoperatively with suspension tape in

place. (c) Use of subciliary incision to suspend malar fat pad.

Complications

221



21.10.5 Ptosis

Postoperative ptosis is usually the result of failure to diagnose

preoperatively, or unilateral correction without addressing the

contralateral ptosis. It may also result from injury to the levator

muscle.27

21.10.6 Lagophthalmos

Some degree of transient lagophthalmos is normal for a few

days after blepharoplasty. It usually resolves spontaneously or

with conservative treatment such as lubrication, massage, lid

taping, and patching. Permanent lagophthalmos is the result of

excessive skin resection or incorporation of the orbital septum

in the incisional scar. In this case, correction requires a full-

thickness skin graft.22,28

21.10.7 Ectropion

The eversion of the lid margin may result from excessive skin,

fat or muscle removal; scar contracture, adhesion of the orbital

septum; failure to address lid laxity; and proptosis.

21.10.8 Inadequate Fat Resection

Excessive intraorbital fat resection can result in a hollowed out

socket.29 Insufficient fat resection is most common in the upper

and lower medial and lower lateral compartments.

21.10.9 Chemosis

Chemosis occurs in up to 11% of blepharoplasty patients. It is

characterized as conjunctival edema and hyperemia with tear-

ing and can progress to periorbital edema and ectropion. This is

most often due to mild lid malposition and incomplete lid

opposition in the early postoperative period. Initial treatment is

ocular lubrication and corticosteroid ophthalmic drops. If

symptoms persist, oral corticosteroids can be added, with

minor procedures such as an incision in the conjunctiva for

drainage and tarsorrhaphy added as needed.30

21.11 Review Questions

21.11.1 Choose the Best Answer

1. Transverse forehead rhytids are caused by

a) Descent of the eyebrows.

b) Hyperactivity of the frontalis muscle.

c) Inactivity of the corrugator muscle.

d) Hypoactivity of the forehead elevators.

2. The endoscopic forehead procedure is well suited for which

of the following situations:

a) A patient who has a very long forehead.

b) A patient with a very short forehead.

c) A patient with moderate brow ptosis.

d) Significant asymmetry of the eyebrows.

3. The upper eyelid incision should be marked

a) In the supratarsal crease.

Fig. 21.15 (a) Pre-op and (b) post-op views after

upper and lower blepharoplasty and endoscopic

forehead lift.

Fig. 21.16 (a) Patient with dermatochalasis,

asymmetric brow ptosis, and vertical glabella

rhytids. (b) Postoperative appearance after upper

and lower blepharoplasty and endoscopic

forehead lift.
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b) 9 to 12mm above the lid margin.

c) With the patient in the upright position.

d) All of the above.

4. Which of the following is correct regarding lower lid

blepharoplasty:

a) Aggressive skin resection helps improve the tear trough

deformity.

b) Corneal eye protectors must always be used.

c) Senile laxity is best addressed with vertical skin excision.

d) Injury to the orbicularis muscle can cause ectropion.

5. The first step in the management of postoperative blindness

should be managed by

a) Intravenous mannitol.

b) Releasing the septum and the lateral canthus.

c) 500mg acetazolamide (Diamox) IV bolus.

d) Ophthalmology consult.

21.11.2 Answers

1. b. Hyperactivity of the frontalis muscle.

2. c. A patient with moderate brow ptosis.

3. d. All of the above.

4. d. Injury to the orbicularis muscle can cause ectropion.

5. b. Releasing the septum and the lateral canthus.
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22 Face and Neck Rejuvenation
Ahmed M. Hashem, Rafael A. Couto, Cagri Cakmakoglu, Eliana F. R. Duraes, and James E. Zins

Abstract

This chapter explores in detail the range of considerations, his-

torical perspectives, assessments, and surgical and nonsurgical

options involved in offsetting facial and neck aging. Changes

that occur due to facial aging, skin laxity, sun damage, lipoatro-

phy, soft-tissue descent, and potential skeletal changes are cov-

ered, along with effective remedies for restoring balance and

harmony to the facial parts. Treatment options for every region

of the face and neck are reviewed, including skin resurfacing,

soft-tissue augmentation, chemodenervation, and surgery.

Operative techniques—incisions, facelifts, skin management,

etc.—are listed, discussed, and illustrated. Particular emphasis is

paid to the risks involving the facial nerve branches. Seasoned

advice on postoperative care and complications conclude the

chapter.

Keywords: minimal access cranial suspension (MACS), lateral

SMASectomy, extended superficial musculoaponeurotic system

(SMAS), composite rhytidectomy, lipo-filling, botulinum toxin,

fillers, peeling, laser, facelift

22.1 Goals and Objectives
● Recite the landmark contributions which define the historic

evolution of face and neck rejuvenation surgery.
● Describe the three-dimensional surgical anatomy of the

SMAS, retaining ligaments of the face, facial nerve branches,

safe dissection planes, and danger zones.
● Outline the basics of clinical evaluation of face and neck

rejuvenation patients.
● Differentiate short-scar-limited SMAS interventions from

traditional surgical techniques.
● Explain the principles and steps of the MACS lift, the lateral

SMASectomy, the extended SMAS, and composite

rhytidectomy.
● Summarize the potential complications and their

management.

22.2 Patient Presentation

22.2.1 Clinical Evaluation

Given the plethora of surgical and nonsurgical options, a com-

prehensive clinical assessment is crucial to guide treatment

strategies. Particular attention is given to the various aspects of

facial aging including skin laxity, sun damage, lipoatrophy, soft-

tissue descent, and potential skeletal changes.

22.2.2 Aesthetic Facial Evaluation with
a Cephalometric Perspective

This assessment should analyze age-related deformities in the

context of soft tissue and skeletal cephalometrics. The goal is to

determine balance and proportions (harmony) of different

facial parts, establish limitations of soft-tissue procedures, and

identify potential adjunctive skeletal interventions (e.g.,

genioplasty).1,2 The patient should be assessed with the head in

“natural” position (straight forward gaze; the Frankfort hori-

zontal is generally parallel to the ground in that posture) and

with the eyebrows and lips relaxed.1 Any deviation results in

soft-tissue distortion that can lead to inaccurate assessment.1

Although assessment should be three dimensional, frontal

aesthetics hold prime significance since this is how patients

picture themselves (▶ Fig. 22.1, ▶ Fig. 22.2).1

Upper Third

Aging is associated with (1) hairline recession, (2) transverse fore-

head rhytids, (3) vertical glabellar lines, and (4) eyebrow ptosis.

Middle Third

Aging is associated with (1) blepharochalasis, (2) ptosis, (3)

lower lid laxity ± ectropion, (4) lower lid fat bulge, (5) Crow’s

feet, (6) tear trough deformity, (7) palpebromalar groove, and

(8) malar mound.

Fig. 22.1 The face can be divided into three almost equal thirds along

the glabella and subnasale. In transverse dimension, it can be divided

into five almost equal thirds as depicted. The midline helps identify

areas of asymmetry.
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The Lower Third and Neck

Aging is associated with (1) nasolabial fold bulge, (2) nasolabial

crease deepening, (3) marionette lines, (4) exaggeration of the

labiomental fold, (5) perioral wrinkles, (6) loss of the cervico-

mental angle, and (7) platysmal bands.

22.3 Preparation for Surgery
Like many other aesthetic procedures, rigorous patient selec-

tion is crucial. Medically unfit patients may benefit from alter-

natives such as botulinum toxin and fillers. A thorough

screening for hemorrhagic diathesis is essential to avoid bleed-

ing complications.3 Antiplatelets and vitamin K suppressors

should be stopped 1 to 2 weeks prior to surgery.3 A medical

consult is occasionally necessary to document fitness for sur-

gery, the feasibility of drug cessation, and to suggest alterna-

tives.3 Smoking should be stopped for at least 4 weeks in

advance.4,5 Finally, identifying patients with unrealistic expect-

ations, psychiatric disease, psychosocial impairment, and body

dysmorphic disorder is also critical.6 Chronological age does

not seem to be an independent risk factor for higher complica-

tions in rhytidectomy surgery. In fact, a study demonstrated

that elderly patients (older than 65 years) were not at a higher

risk for complications, compared with a younger control group

(younger than 65 years), provided proper preoperative screen-

ing is undertaken.3

22.4 Treatment
Face and neck rejuvenation involve multifaceted clinical treat-

ment of cervicofacial aging using skin resurfacing, soft-tissue

augmentation, chemodenervation, and surgery. The objective is

to positively modify skin, cervicofacial contour, and restore vol-

ume. Safe and effective treatment requires precise knowledge

of anatomy and technique. Understanding anatomical planes,

the SMAS’s (Superficial Muscular and Aponeurotic System) rela-

tions to the facial nerves, and retaining ligaments is critical to

safe sub-SMAS surgery. No versatile surgical technique can fit

all needs. Rather surgeons should modify surgery to meet the

specific requirements of their patients. While the MACS (mini-

mal access cranial suspension) lift and the lateral SMASectomy

are examples of widely used short-scar-limited SMAS interven-

tions, the extended SMAS and the composite rhytidectomy repre-

sent prototypes of conventional sub-SMAS procedures that suit

patients with significant laxity and advanced signs of aging.

Lipo-filling is assuming growing significance as a regenerative

and volume restoring adjunct. Nonsurgical interventions, espe-

cially botulinum toxin and soft-tissue fillers, are rising as stand-

alone and ancillary interventions. Finally, skin-resurfacing

techniques, like peeling and LASER, further optimize the surgical

outcome. This chapter focuses on surgical treatment.

22.5 Historical Perspectives
Prior to Skoog’s contributions,7 facial rejuvenation was

addressed with conservative skin resection, and limited subcu-

taneous undermining. Skoog reported the elevation of a cervi-

cofacial flap deep to the superficial fascia, lifting the platysma

in the neck, and the “superficial fascia” in the face, opening a

new era for facelift surgery.7 This paved the way for defining

the applied anatomy of the SMAS by Mitz and Peyronie in

1976.8 Furnas then outlined the retaining ligaments of the

cheek in 1989.9 Stuzin et al further highlighted the importance

of the masseteric ligaments, and the relationship between

superficial and deep fascia, defining safe planes and danger

zones of sub-SMAS dissections.10 These anatomical studies

stimulated different “SMAS-platysma modifications” and

deeper tissue repositioning techniques in an attempt to identify

procedures that are more durable.

Owsley described the SMAS-platysma facelift, which formed

the foundation of SMAS flap techniques.11,12,13 The subperios-

teal approach was presented by Psillakis et al and Ramirez et al

who explored deep tissue repositioning in this anatomical

plane.11,12,13,14,15 Hamra took Skoog’s operation a step further,

describing first the deep plane facelift,16 followed by the com-

posite facelift,17,18,19 as well as different modifications of the

lower eyelid myofascial complex.20,21,22,23,24,25 Barton reported

his modification of Skoog’s procedure which became known as

Fig. 22.2 The relationships of the lower third of the face. Red dotted

lines show the ratio of upper to lower lip and chin of 1:2. Blue line

shows the anteroposterior relation of upper and lower jaw.

Historical Perspectives
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the “high SMAS technique.”26,27,28,29While the refinements by

Hamra and Barton adopted a composite dissection, where skin

and SMAS are elevated as one unit, other SMAS-based tech-

niques employed a bilamellar dissection, where the SMAS is

undermined and redraped independently in a vertical direc-

tion, while the skin vector is more horizontally positioned.18,28

These latter procedures described variable SMAS flap designs,

for example, the extended SMAS.12,18,28,30,31,32,33,34,35,36,37

In the neck, Connell combined comprehensive lipectomy

with full platysma transection and mobilization.38 Various

other platysma-modifying techniques were also proposed. The

most well-known of these being the “corset platysmaplasty”

described by Feldman in 1990.39 Knize, Zins, and Feldman fur-

ther highlighted the utility of the isolated anterior approach to

improve the neck in selected patients.40,41,42,43 A trend toward

less invasive techniques in facial rejuvenation was initiated by

the endoscopic brow lift, intended to address drawbacks of

conventional open brow lift surgery.44 “Short-scar-limited

SMAS” procedures, including the lateral SMASectomy and the

MACS lift, then followed.45,46,47,48,49,50,51,52,53,54,55 These “less

invasive” procedures were designed to serve patients with min-

imal laxity seeking shorter recovery and less surgical risk.48,49,

50,53,55 Recently, more emphasis has been placed on ancillary

facelift techniques including volume restoration with lipofilling

based on Coleman’s pioneering work.56,57 Finally, the evolution

of botulinum toxin further allowed myogenic manipulation of

wrinkles, and brow position, and soft-tissue fillers enabled

wrinkle and volume adjustment in less surgery-committed

patients.58,59

22.6 Anatomical Considerations

“No amount of improvement in facial contouring is worth an

injury to the facial nerve.”35

22.6.1 The SMAS-platysma-superficial
Temporal Fascia plane

The SMAS is a subcutaneous fibromuscular structure continu-

ous with the platysma in the neck and the superficial temporal

fascia in the temporal region.8 Further cephalad it lays in the

same plane as the frontalis and galea aponeurotica.8 More ante-

riorly it invests the muscles of facial expression.10,27 Posteriorly

it is fixed to the thick parotid fascia in addition to the thick

sternocleidomastoid fascia.8,10 The facial nerve branches are

invariably located deep to this layer (▶ Fig. 22.3).8,10 The SMAS

is muscular caudally, where it merges with platysma, but

becomes progressively aponeurotic (fibrous) more cephalad

(▶ Fig. 22.4).8 Posteriorly, it blends with the parotid fascia,

forming a thick layer.8 More anteriorly, it thins out and becomes

more tenuous.8,10

22.6.2 The Support System of the Face
(Retaining Ligaments of the Face)

A series of retaining ligaments or more recently termed “SMAS

fusion zones” supports the facial soft tissues against gravita-

tional forces.60,61,62 Their constant location and predictive

nature with relation to facial nerve branches renders them sur-

gically significant (▶ Fig. 22.3).40,41,42,63,64,65,66 The classic plastic

surgery literature has described this support system as osteocu-

taneous or “true” ligaments such as the zygomatic and mandib-

ular ligaments, or false ligaments.9,10,63,67 True ligaments extend

from bone to dermis passing through the SMAS and arborizing

to attach to dermis, similar to the trunk of a tree passing from

bone and arborizing after passing through the SMAS to insert

into dermis.33 Arborization allows an enhanced effect on skin

superficially.33 Myofascial or false ligaments, such as the masse-

teric and parotid cutaneous ligaments, are fibrous structures

fixing deeper fascial layers to overlying superficial soft tissue.10

Fig. 22.3 Cadaver dissection of the left side of

the face. The SMAS layer has been elevated and

held with Allis clamps up. Underneath, the

parotid gland and the facial nerve branches can

be seen. The zygomatic ligaments were tagged

with clips before their release. The relation of the

zygomatic ligaments to the zygomatic rami of

the facial nerve can be appreciated. Lower down

in the sub-SMAS area, fibrous strands extending

from the deeper tissues to the SMAS constitute

the masseteric ligaments.

Craniofacial
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Moss et al, for greater precision, advocated a distinction

between (1) True ligaments which are cylindrical fibrous struc-

tures holding the superficial layer (SMAS and extensions) to

deeper periosteum or deep fascia, and are mostly located in the

mid-, and lower face.66 The zygomatic, masseteric, and mandib-

ular ligaments (▶ Fig. 22.3, ▶ Fig. 22.5) constitute the

best-known examples of these.66 (2) Septa, on the contrary, are

fibrous walls extending from deep fascia or periosteum to the

superficial layer and are basically found in the temporal and

periorbital region. The superior and inferior temporal septa

exemplify the prototypes of these (▶ Fig. 22.6).66 (3) Finally,

adhesions represent areas of low-density fibrous or fibrofatty

adhesions between the superficial layer and deeper tissues. The

temporal and supraorbital ligamentous adhesions are models of

this latter configuration (▶ Fig. 22.6).66 The mobility of the

superficial layer is generally dictated by the type of underlying

support, with true ligaments providing greatest mobility, septa

allowing only motion perpendicular to their line of attachment,

and adhesions restricting movement in all directions.66 Fur-

thermore, septa and adhesions represent areas of extended

bonding between superficial and deep fascia generally requir-

ing wider dissection to obtain satisfactory repositioning.66

Recently, Pessa described this anatomy as SMAS fusion zones

rather than ligaments.60 In his analysis, these structures exist as

bilaminar membranes extending between superficial and deep

fascia, and constitute the boundaries of the fat compartments

and the anatomical spaces of the face (e.g., the buccal space).57,60

Blood vessels, nerves, and lymphatics are stabilized by traveling

Fig. 22.4 Cadaver dissection of the left side of

the face. The skin flap is reflected at the medial

part of the face. The outline of the mandibular

border and the zygomatic arch are emphasized

with blue marking. Note the SMAS is continuous

with the platysma in the neck and the superficial

temporal fascia in the temple. This layer blends

with galea aponeurotica and frontalis more

cephalad and the orbicularis oculi around the eye.

The SMAS is muscular in the lower face and

aponeurotic further cranially.

Fig. 22.5 Cadaver dissection of the right side of

the face showing the mandibular ligament in the

lower face extending from the anterior mandible

to the skin. An instrument is placed behind the

ligament.

Anatomical Considerations

227



within these fusion zones.60 Between superficial fascia (SMAS)

and skin, these membranes further continue as unilaminar struc-

tures limiting the superficial fat compartments.60

The disparity in nomenclature and variation in reporting

have added significant confusion to the understanding of these

anatomical structures.60,61,62

The Temporal Region

The Superior Temporal Septum

This coincides with the superior temporal fusion line where the

galea and periosteum adhere to bone just superior and medial

to the deep temporal fascia (▶ Fig. 22.6).66 It starts superior to

the temporalis muscle and arches downward toward the outer

corner of the superior orbital rim, defining the transition of the

superficial layer from temporoparietal fascia to galea and fron-

talis.66 Its lower end is expanded and forms the temporal liga-

mentous adhesion.66 The septum forms the upper border of the

superior temporal compartment, whose inferior boundary is

formed by the inferior temporal septum. Dissection can pro-

ceed rapidly in this anatomical space since no vital structure is

encountered.66

The Temporal Ligamentous Adhesion

This is a triangular fibrous condensation 1 cm above the cranio-

lateral corner of the orbital rim at the juncture of frontal, tem-

poral, and periorbital areas (▶ Fig. 22.6).66 Three retaining

ligaments radiate from it: the supraorbital ligamentous adhe-

sion medially, the superior temporal septum superolaterally,

and the inferior temporal septum inferolaterally.66

The Inferior Temporal Septum (Orbicularis-
Temporal Ligament)

This is an area of fusion between the superficial temporal fascia

(temporoparietal fascia) and the superficial layer of deep

temporal fascia extending from the craniolateral corner of the

orbicularis oculi to the external acoustic meatus which consti-

tutes this structure (▶ Fig. 22.6).66 It divides the temporal com-

partment into superior (see earlier) and inferior temporal

compartments; the latter is further bordered caudally by the

zygomatic ligaments.66 This space is surgically significant for

housing the frontal branches of the facial nerve, the zygomati-

cotemporal nerve, and the sentinel veins (▶ Fig. 22.7).66 The

frontal branches of the facial nerve travel medial and parallel to

the inferior temporal septum. The septum thus acts as a warn-

ing sign during craniocaudal dissection in the temporal region,

alerting surgeons to stay strictly on top of the superficial layer

of the deep temporal fascia (or deep to it) to avoid nerve injury

(▶ Fig. 22.6).63,66

The Periorbital Area

The Orbicularis-Retaining Ligament (Orbitomalar
Ligament)

The anatomical delineation of this structure stems from

the clinical observation of constant strong attachments between

the orbicularis oculi and the inferolateral orbital rim that often

need to be released for adequate periorbital mobilization.66,67,68,69

Fig. 22.6 Cadaver dissection of the right upper

face showing the superior temporal septum (red

dots), the inferior temporal septum (red dots),

and the temporal ligamentous adhesion (blue

ellipse). Note the relation of the frontal rami of

the facial nerve with blue background

underneath the inferior temporal septum.

Fig. 22.7 Intraoperative endoscopic view of the sentinel vein. The

frontal rami of the facial nerve usually lie within 10mm cranial to the

vein.

Craniofacial
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The orbitomalar ligament (ORL) is an osteocutaneous ligament

arising from the periosteum of the orbital rim and traversing the

orbicularis oculi to insert into the dermis of the lid–cheek junc-

tion (▶ Fig. 22.8).68,70 It is not well defined medially where the

orbicularis oculi is tightly adherent to the inferior orbital rim

(▶ Fig. 22.9).68 The ligament extends circumferentially around the

orbital rim, and thus forms the roof of the preseptal space in the

upper eyelid, the floor of the preseptal space in the lower eyelid,

and the roof of the prezygomatic space in the midface, which is

bordered caudally by the medial extent of the zygomatic

ligaments.67,68,69 Morphologically, the ligament is a bilaminar

structure where the cranial leaf is a reflection of the orbital sep-

tum, and the caudal leaf a continuation of the fascia covering the

preperiosteal fat of the prezygomatic space.68,69 The zygomatico-

facial nerve and foramen always lie peripheral to the ORL.68,69

The ORL can be thought of as the leash of a dog running from

bone to dermis. The leash is tight medially, loose centrally, and

again tight laterally; where it fuses with the lateral orbital thick-

ening or superficial canthal tendon, the laxity of the ligament

thus creates a V-shaped structure (▶ Fig. 22.9).68 Lysis of the

Fig. 22.8 Cadaver dissection of the left lateral

orbital region and left side of face, demonstrating

the orbitomalar ligament (blue arrow).

Fig. 22.9 Cadaver dissection of the left orbit view

from above. The red dotted line marks the bony

orbital margin. The blue dotted line marks the

junction of the ORL and the orbicularis oculi

muscle. The ORL is in between.
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medial orbicularis oculi and varying portions of the ORL have

become an essential part of a variety of procedures used to treat

the tear trough, palpebromalar groove, and malar mound.24,69,71,

72,73,74,75,76

The Cheek Area

The zygomatic ligaments arise from the lower border of the

zygomatic arch and from the body of the zygoma.9,10,64 They

attach directly to the dermis.9,10,64 The medial extent of these

ligaments forms the floor of the prezygomatic space, while the

lateral extent constitutes the lower border of the inferior tem-

poral compartment.66,67,69 Furthermore, these ligaments act as

the roof of the lateral cheek compartment.63 The major zygo-

matic cutaneous ligament lies at the junction of the arch and

body of the zygoma.63,64 This ligament is surgically important

because when released, the zygomaticus major (ZM) muscle

comes into view.9,10,35 This marks the end of the sub-SMAS dis-

section. All sub-SMAS procedures invariably pass superficial or

subcutaneous at this point, in order to avoid injury to facial

nerve branches (▶ Fig. 22.10). 9,17,35,37

The masseteric ligaments have their origin from the fascia

overlying the masseter muscle. Together with the zygomatic lig-

aments they form a T-shaped configuration (the confluence of

the T is at the origin of the ZM muscle).10,33,63,64 One centimeter

inferior to the ZM in the vicinity of the stout upper masseteric

ligaments is the sub-SMAS “danger zone,” where care needs to

be taken when lysing these ligaments to avoid injury to zygo-

matic branches of the facial nerve (▶ Fig. 22.11).9,10,63,64 The

lower masseteric ligaments or zones of fusion separate the pre-

masseteric space from the masticatory space that houses the

buccal fat pad.10,60,63

The platysma auricular ligament/fascia is the first ligament

severed during a facelift. It is formed of fibrous bands connect-

ing the platysma to the parotid fascia, securing it to the preaur-

icular skin.9,10,63

Fig. 22.10 Intraoperative view of sub-SMAS

dissection. After release of the major zygomatic

ligament, the zygomaticus major (ZM) muscle

(black arrow) comes into view and this

constitutes an important surgical landmark in all

sub-SMAS techniques. The masseteric ligaments

inferior to the ZM still need to be released. Note

that sub-SMAS fat is kept down protecting the

facial nerve branches.

Fig. 22.11 Cadaver dissection of the left face. Note the zygomaticus

major (ZM) and orbicularis oculi (OO) muscles. The position of the

zygomatic ligaments to the arch and body of the zygoma are

highlighted with a blue dotted line. The danger zone is located caudal

to the zygomaticus major muscle and is marked with a red dotted

circle. The zygomatic and buccal facial nerve branches are located in

this area (blue background). Note the parotid duct (white background).

Craniofacial
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The Mandibular Area

The mandibular ligament is an osteocutaneous ligament arising

from the anterior third of the mandible, 1 cm above the inferior

border.9 Its presence marks the anterior boundary of the jowl

(▶ Fig. 22.5).9,10 The marginal mandibular branches of the facial

nerve are located posterior and approximately 1 cm cranial to it

(▶ Fig. 22.12).65

22.7 The Facial Nerve

22.7.1 Beyond the Parotid Gland, Five
Groups of Branches Can Be Identified

Frontal (Temporal) Branches

The limited number of communications with other facial nerve

branches is thought to account for the higher risk of permanent

injury.77 The classic surface anatomy is the Pitanguy line which

extends from 0.5 cm below the tragus to 1.5 cm above the lat-

eral eyebrow.78 The nerve exists in multiple (2–5) rami that

intercommunicate, which may explain the return of function

after injury. The branches were found to reside 2 cm posterior

to the lateral orbital rim at the level of the lateral canthus.79,80

At the level of the zygomatic arch, the branches run over the

middle third approximately 1.8 cm anterior to the helical crus,

and 2 cm posterior to the lateral orbital rim (▶ Fig. 22.13).79,81

In terms of depth, these branches are closely applied to the

periosteum of the zygomatic arch, deep to both the SMAS and

the parotid masseteric fascia (parotid temporal fascia).82 Supe-

rior to the arch, they travel on top of the superficial layer of the

deep temporal fascia.82,83,84 Trussler et al and Agarwal et al in

separate studies showed the presence of two superficial fascial

layers covering the zygomatic arch and the deep temporal fas-

cia.82,84 The first layer is the superficial temporal fascia, which is

in continuity with the SMAS.82,84 Deeper to it they showed the

existence of another distinct layer (the parotid temporal fascia

per Trussler et al, and innominate fascia per Agarwal et al).82,84

The frontal branches travel either deep or within this deeper

layer.82,84 This relationship continues for at least 1.5 to 3 cm

above the arch from where the nerves start to transition

through the superficial temporal fascia to merge with the ante-

rior branch of the superficial temporal artery as they approach

orbicularis oculi and frontalis.82,84 Appreciation of this anatomy

is important during craniocaudal dissections in the temporal

region, and in elevating a high SMAS flap.82 Surgeons should

stay strictly on top of the superficial layer of the deep temporal

fascia (or deep to it) elevating the frontal branches with the

flap. Two centimeters cephalad to the zygomatic arch, dissect-

ing deeper to the superficial layer of the deep temporal fascia

has been advocated to avoid nerve injury.77,82,84 In endoscopic

brow lift, the sentinel vein (located approximately 0.5 cm lateral

to the frontozygomatic suture) defines a danger zone about

10mm cephalad, where the frontal branch is liable to injury

(▶ Fig. 22.7).81 A second vein 1.5 cm lateral to the first is occa-

sionally identified.81

Fig. 22.12 adaver dissection of the right lower

face. The red dotted line marks the lower

mandibular border. The mandibular ligament is

held with forceps (black arrows). The marginal

mandibular nerve can be seen crossing superficial

to the facial vessels and then travels immediately

cephalic to the mandibular ligament (red arrows).

The Facial Nerve
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Zygomatic and Buccal Branches

These branches display higher number of rami and interconnec-

tions which may account for spontaneous recovery following

injury (▶ Fig. 22.3 and ▶ Fig. 22.11).77 The buccal ramus is

thought to be the most frequently injured facial nerve branch

in rhytidectomy.36,77 Due to extensive arborization, clinical

effect is usually short-lived and rarely discernible.36,77 Injury

to the branches that supply the elevators of the upper lip

(e.g., ZM), however, can potentially affect smile. The area

inferior to the zygomatic ligaments and anterior to the

upper masseteric ligaments is a danger zone9,10,63,77

(▶ Fig. 22.9). Thus, sub-SMAS dissection in this region

should proceed with extreme caution, always hugging the

undersurface of the SMAS and keeping all fat down.

Marginal Mandibular Branch

The limited number of rami and communications with other

facial nerve branches is thought to account for higher risk of

permanent injury (▶ Fig. 22.11 and ▶ Fig. 22.12).77 Anatomical

studies have shown the nerve to be composed of at least two

rami. Posterior to the fascial vessels they travel within 1 cm

(rarely 2 cm or more) of the mandibular border (more

frequently cephalad than caudad).65,77,83,85 In contrast, anterior

to the facial vessels the marginal mandibular is always cranial

to the mandibular border traveling toward the depressor anguli

oris.77,83,85 Here, it lies posterior and approximately 1 cm cranial

to the mandibular ligament65 (▶ Fig. 22.10). In terms of depth,

the nerve emerges from the lower end of the parotid gland and

travels deep to the parotid-masseteric fascia, and under cover of

platysma.65,77,83,85 Inferior to the mandible it courses on the

surface of the posterior belly of digastric and submandibular

gland remaining deep to platysma.77,83,85 At the level of the

facial vessels, the nerve crosses the mandibular border superfi-

cial to these vessels. It is at this point that the nerve is believed

to be at higher risk of injury as it becomes more superficial.77

The nerve remains deep to the platysma throughout its course,

and thus keeping dissections above the platysma is a safe dis-

section plane. In sub-SMAS dissections, the lower masseteric

ligaments are a sign of caution to the proximity of the marginal

mandibular branches.

Cervical Branch

Injury to this branch is believed to result in marginal mandibular

pseudo-paralysis secondary to dysfunction of the platysma

which is likewise a depressor of the lower lip (▶ Fig. 22.11).86,87

Clinical differentiation is possible by demonstrating retained abil-

ity to pucker the lower lip, which signifies residual orbicularis

oris and mentalis function.86,87 Return of function is almost

always complete.86,87 This nerve (composed of one to three rami

with occasional communication to the marginal mandibular)

travels close to the gonial angle and branches approximately

1.74mm inferior to the mandibular border.88,89 Platysmal inci-

sions should be designed at least 15mm posterior to the gonial

angle, and 45mm caudal to the mandibular border to avoid cer-

vical nerve injury.88,89 It emerges from the lower border of the

parotid gland and remains deep but close to the undersurface of

the platysma.77,88,89 Thus, subplatysmal dissection in proximity to

the gonial angle should proceed with caution staying superficial

to the underlying fat. Blunt dissection has been advocated in this

plane inferior to the tail of the parotid to minimize injuries of

the marginal mandibular and cervical branches.77,89

Sensory Nerves

The great auricular nerve (C2 and C3) is thought to be the

most commonly injured nerve in rhytidectomy.90 Arising from

the cervical plexus, it winds around the posterior border of the

sternocleidomastoid, and passes vertically upward toward the

middle of the lobule of the ear.91 The classic surface landmark is

McKinney’s point which lies 6.5 cm caudal to the external

acoustic meatus approximately 0.5 to 1 cm posterior to the

external jugular vein.90 Ozturk et al have identified a trian-

gle, where the nerve can be found 100% of the time.92 The

triangle is defined by a line perpendicular to the Frankfort

horizontal bisecting the lobule of the ear and another

diverging 30 degrees posterior to it (▶ Fig. 22.14).92 Main-

taining the dissection superficial to the sternocleidomastoid

fascia in this region prevents nerve injury and consequent

neuroma formation.92

22.8 Operative Techniques

22.8.1 Incisions

The Preauricular Part

A preauricular retrotragal incision results in less discernible

postoperative scarring.32 If properly executed, the aesthetic out-

come is excellent. The potential for tragal deformity is readily

Fig. 22.13 Cadaver dissection of the right side of the face. The frontal

rami of the facial nerve have been dissected (blue arrows). The

relationship as they cross the zygomatic arch is shown. The arch is

outlined with red dotted lines.

Craniofacial

232



preventable if care is taken to avoid cartilage injury and ensure

tensionless closure (▶ Fig. 22.15).32

The Temporal Extension

An outer canthus to temple distance less than 5 cm permits a

temporal scalp extension. A distance greater than 5 cm man-

dates a temporal hairline incision to avoid aggravation of

temporal recession (▶ Fig. 22.15).32,47,48,93

The Postauricular Extension

The incision follows the postauricular sulcus and crosses the

postauricular skin where the helix and postauricular hairline

touches (Feldman's "touch point").94 It either continues

horizontally into the occipital scalp or follows within the occipi-

tal hairline.32,55,94 The latter prevents posterior hairline recession

especially if neck skin laxity is profound (▶ Fig. 22.16).32,55,94

Submental Incision

A 3.5-cm horizontal incision is centered over the midline

approximately 5mm caudal to the submental crease if anterior

cervicoplasty/platysmaplasty is contemplated.41,42

22.8.2 The Extended SMAS Facelift
(Senior Author’s [JZ] Preferred
Technique)

Principle

The extended SMAS technique delaminates the face by raising

separate skin and SMAS flaps.35 The independent mobility of

SMAS and skin permits greater versatility in vector selection

and direction of tissue repositioning.34,36,37 Precise control of

dissection plane and skin flap thickness is critical, however, to

avoid tearing of the SMAS flap.34,37 The SMAS thins consider-

ably as dissection extends medially and SMAS tearing can com-

plicate flap fixation.8,34,37,46

Dissection

The Temporal Region

It is prudent to stay on top of the superficial temporal fascia.

This is the layer immediately deep to the hair follicles. Proceed-

ing anteriorly, the orbicularis oculi muscle is identified, and

more caudal dissection should continue superficial to the plane

of this muscle (▶ Fig. 22.17).32

The Preauricular and Cheek Part

Immediately anterior to the helical crus, dissection should be

very superficial (subdermal), to avoid injury to the superficial

temporal vessels; this part of the skin is usually discarded any-

way except in secondary cases. At the tragus, caution is neces-

sary to prevent cartilage injury. In the cheek area (from the

zygomatic arch to the mandible), dissection should be more

superficial to preserve fat on top of the SMAS, thus provid-

ing a thicker SMAS flap.32,35 Moving across the mandible to

the neck, the plane transitions smoothly to a slightly deeper

level. Dissection anterior to the sternocleidomastoid muscle

should be hugging the superficial surface of the platysma

(▶ Fig. 22.18).

The Postauricular Part

Skin should be elevated immediately superficial to the sterno-

cleidomastoid fascia. The great auricular nerve is protected

Fig. 22.14 Cadaver dissection of the left face. A

dissection of the great auricular nerve is shown.

Ozturk’s triangle is defined by a perpendicular to

the Frankfort horizontal bisecting the lobule of the

ear and another line diverging from it at 30

degrees starting at the tip of the lobule.
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by superficial dissection over Ozturk’s triangle (see above;

▶ Fig. 22.14).92

The Neck

The neck dissection continues immediately on top of the platysma

and is taken across the midline in the majority of cases.39,94

The SMAS Flap and Sub-SMAS Dissection

Outline of the SMAS Flap

The Upper Border

Different variations in designing the upper border have been

described. While Stuzin et al place it 1 cm caudal to the

zygomatic arch, others incise at or above the level of the arch.32,

35,36,37 It is our preference to draw this line flush with the lower

border of the zygomatic arch in order to capture most of the

malar fat pad in the SMAS flap. The proximity of the frontal

branches, their surface anatomy, and their depth (see section

22.6 Anatomical Considerations) should be appreciated.

The Lateral Border

This line is designed approximately 1 to 2 cm in front of the ear

and continues downward for 4 to 5 cm into the neck (at least

1.5 cm lateral to the gonial angle to avoid the marginal mandib-

ular nerve). This line generally coincides with the posterior bor-

der of the platysma.32,35,36,37

Fig. 22.15 The design of the preferred

preauricular retrotragal incision by the senior

author is depicted in blue. The dotted line along

the central face and neck represents the usual

extent of skin undermining as performed by the

senior author.

Fig. 22.16 The design of the preferred

postauricular incision by the senior author is

marked in blue. The horizontal blue mark in the

neck marks the extent of undermining in the

neck.
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SMAS Flap Elevation

Starting sub-SMAS dissection over the parotid gland mitigates

potential nerve injury, since parotid tissue serves as an extra

layer protecting the nerves. The SMAS is also thicker, muscular,

and more distinct in this region (▶ Fig. 22.10). Anterior to the

parotid, it is critical to hug the deep surface of the SMAS flap,

maintaining all fat over the masseteric fascia protecting the

facial nerve branches lying deep (▶ Fig. 22.10). Once the proper

plane is identified, more cephalad dissection can be under-

taken. Malar SMAS is mobilized severing zygomatic and upper

masseteric ligaments with extreme care (see section 22.6 Ana-

tomical Considerations).32,35,36,37 Amidst this dissection, ZM

muscle is identified (▶ Fig. 22.10).32,35 Dissecting medial to ZM

disconnects any remaining zygomatic ligaments, while caudal

to it, the masseteric ligaments are split.35 Maintaining the dis-

section superficial to the plane of this muscle protects the

nerves. Using blunt spreading motion, dissection continues to

the nasolabial crease.35 This maneuver ameliorates the depth

of the crease and simultaneously lifts the malar fat pad.35

Further, malar fat mobility can be achieved using finger dis-

section in the same plane: “FAME” (finger-assisted malar

elevation).95 An effective SMAS flap should improve the jowl

and the neck and reposition the malar fat pad.32,35 The

SMAS elevation has a decidedly positive and powerful effect

on platysma tightening and gonial angle improvement

because the platysma is continuous with the SMAS and has

no bony attachments.

SMAS Flap Fixation

Temporal Fixation

Before fixation, it is useful to draw the trajectory of the frontal

branches to avoid inadvertent injury. The vector of SMAS-

flap transposition is vertical (▶ Fig. 22.19). The exact anchor

point is determined by pulling on the flap and observing

the effect on the face and neck.32 Once determined, blunt

scissor spreading exposes the deep temporal fascia for safe

and robust fixation.

Cervical Fixation

The lateral (posterior) edge of the SMAS flap is incised from

tragal level to the level of the gonial angle creating a tongue of

inferiorly based SMAS flap (▶ Fig. 22.20a). This is rotated poste-

riorly and fixed to the mastoid fascia and periosteum pulling

Fig. 22.17 Cadaver dissection of the left face. The undermining in the

temporal area is superficial to the superficial temporal fascia until the

orbicularis oculi is identified. More caudal dissection should maintain

the same plan.

Fig. 22.18 Cadaver dissection of the left face

showing the plane of undermining in the cheek

area and the neck. Note the plane in the neck

(left side of the figure) is immediately

supraplatysmal. In the cheek, the plane is more

superficial leaving fat on top of the SMAS. A

transition from the more superficial to the deeper

plane occurs across the mandibular border.
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Fig. 22.19 The SMAS flap is elevated vertically

(blue dotted line). In this case, a 2.5 cm of vertical

SMAS-flap advancement above the zygomatic

arch was documented.

Fig. 22.20 (a) Intraoperative view showing the

incision of an inferiorly based tongue from the

parent SMAS flap. (b) This is rotated and fixed

behind the ear to mastoid periosteum.
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the platysma horizontally (the vector of neck tightening is hori-

zontal; ▶ Fig. 22.20b).35

22.8.3 Management of the Skin

The undermined skin/subcutaneous flap is gently pulled per-

pendicular to the nasolabial crease, redraping skin without ten-

sion. The ear lobule is inserted first, by incising the flap at this

level parallel to the mandibular border. A permanent suture at

the helical crus and another at the cephalic end of the postaur-

icular incision sets the skin tension. Skin resection and flap

inset then continues as feasible.32 Extensive skin undermining

in the neck in the superficial plane combined with anterior

lipectomy, platysmaplasty, and extended SMAS dissection and

fixation in a vertical direction addresses the malar, cheek, and

neck areas and results in long-lasting results (▶ Fig. 22.21).

22.8.4 The MACS Lift

Principle

The MACS (“minimal access cranial suspension”) technique

consists of a limited incision with restricted subcutaneous

undermining (The “MA” part).51,53 Purse string sutures in loop

configuration elevate and tighten the SMAS and platysma by

imbrication and suspension to the deep temporal fascia (the

“CS” part).51,52,53 The aim is to address laxity and contour with-

out the risks of deep dissections.51,52,53 Submental/submandib-

ular liposculpture and facial microfat grafting are important

adjuncts.55 The procedure is performed using a short scar

technique. Conceptually, the procedure is based on posterior

vertical vectors of correction and the absence of “delamination”

of planes of dissection.

Fig. 22.21 (a,b) Preoperative front and profile

photograph of a 59-year-old woman. (c,d)

Postoperative front and profile view 2 years after

extended SMAS facelift combined with anterior

neck lipectomy and corset platysmaplasty. Note

improvements in the neck.
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Incision

The MACS incision differs by lack of a postauricular compo-

nent.53 The temporal incision is designed in a zigzag manner to

accommodate skin excess.51,52,53 For the standard MACS lift, the

temporal incision ends opposite the external canthus, while for

the extended MACS lift it terminates opposite the tail of the

brow.51,52,53,54,55

Dissection

Subcutaneous skin undermining is limited to 5 cm anterior to

the ear and up to the mandibular border.51,52,53,54,55 It is critical

to extend the neck dissection until the craniolateral part of the

platysma is visualized.

The Anchor Point

This is placed 1 cm above to the zygomatic arch and 1 cm ante-

rior to the helical rim. This point is anterior to the superficial

temporal vessels and posterior to the course of the frontal

nerve. Blunt scissor spreading allows identification of the deep

temporal fascia as a glistening white shiny layer.51,52,53,54,55

The Neck Loop

This is a vertical narrow (1 cm wide) U-shaped purse string

loop. It starts at the anchor point, and proceeds inferiorly along

the pretragal sulcus down to craniolateral part of the platysma.51,

52,53,54,55 From there it turns upward again toward the anchor

point. Stitches are placed in an imbricating fashion and tissues

should bunch-up upon tightening correcting cervico mental

angle and upper neck. Grasping several bites of the craniolateral

platysma in the neck is critical (▶ Fig. 22.22).51,52,53,54,55

The Cheek Loop

A wider “O”-shaped loop is designed at 30 degrees to the neck

loop. It extends downward in the direction of the jowls. Again

bites are placed grasping the SMAS in an imbricating fashion

leading to bunching of tissue and improving jowls, marionette

lines, and corner of the mouth (▶ Fig. 22.22).51,52,53,54,55

The Malar Loop

The malar suture is optional and constitutes the “extended”

MACS. The anchor point lies 1.5 cm lateral to the external can-

thus. It can be either deep temporal fascia or periosteum of the

frontal process of the zygoma (medial to the frontal rami).51,52,

53,54,55 Subcutaneous dissection is performed above the tempor-

oparietal (superficial temporal) fascia until the orbicularis oculi

vertical fibers are identified. A window is created through these

fibers by spreading scissors. Next, a small and narrow U-shaped

loop grasps the edge of the malar fat pad, which is usually 2 cm

below the lateral canthus. The pull should be as vertical as pos-

sible to achieve malar fat pad–midface lift.51,52,53,54,55 Secondary

skin bunching of the lower lid mandates a pinch blepharo-

plasty.54 More recently, Tonnard has discontinued the extended

MACS in favor of fat transfers to the malar area (▶ Fig. 22.23).96

Flap Advancement and Skin Resection

Skin redraping is purely vertical with all skin excised in the

temporal region under no tension. No skin should need to be

resected in the preauricular area. If significant skin is excised

preauricularly, the vector of pull is incorrect. The zigzag design

facilitates accurate and tensionless closure.51,52,53,54,55

22.8.5 Lateral SMASectomy

Principle

The technique consists of SMAS excision and closure at the

anterior border of the parotid gland via a short scar incision.45,

46,47,48,49 Following resection, loose cheek SMAS is sutured to

more fixed SMAS overlying the parotid.45,46,47,48,49 Patients with

thin faces benefit from SMAS plication rather than resection.

Based on skin/neck laxity, patients with minimal laxity are

excellent candidates and the procedure is preceded by closed

liposuction of the neck and jowls.48,49 Patients with significant

Fig. 22.22 Cadaver simulation of the MACS lift. Note the direction and

design of the U-shaped neck loop and the O-shaped cheek loop. Also,

note the anchor point position (black arrow).
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laxity are better served with a standard facelift in addition to a

submental incision and platysmaplasty.48,49 Baker graded facial

aging by grades I to IV and alters his approach accordingly.48,49

Dissection

Skin dissection is taken to the lateral canthus separating orbicu-

laris oculi fibers from the skin flap. The cheek flap is dissected

anteriorly releasing zygomatic and masseteric ligaments as well

as the mandibular ligament if necessary.48,49 Dissection stops

well short of the nasolabial fold. Fat is left on the skin flap. Dis-

section is taken 5 to 6 cm into the neck over the platysma and

sternocleidomastoid muscle.48,49 If a submental incision is

made, dissection is extended across the midline and the platys-

maplasty is performed in grade IV (severe facial aging patients;

▶ Fig. 22.24).48,49

The SMASectomy

The lateral SMASectomy is performed from lateral canthus to

gonial angle and into the neck. Depending on the degree of lax-

ity, a strip (2–4 cm) of superficial fascia is resected starting infe-

riorly.46,47,48,49 The direction of SMASectomy is parallel to the

nasolabial fold (▶ Fig. 22.25). Care is taken to resect superficial

fascia only since the deep fascia protects the facial nerve

(▶ Fig. 22.25).46,47,48,49

SMAS Closure

Interrupted sutures approximate distal loose SMAS to proximal

fixed SMAS in a posterior and cranial vector (▶ Fig. 22.26). The

first suture approximates the platysma at the gonial angle and

the final suture lifts the malar fat pad.46,47,48,49 The orientation

of the SMASectomy can be varied to provide more vertical lift

superiorly when indicated.

Skin Management

Skin closure is accomplished by advancing skin in a more

horizontal direction. Skin resection is performed under

minimal tension. Skin edges should kiss at completion of

procedure.46,47,48,49 Clearly, ligaments are not released deep

to the SMAS. Baker feels this is unnecessary in the lower

face where there is enough “play” in the ligaments.

22.8.6 The Composite Rhytidectomy

Principle

A composite flap containing SMAS, malar fat pad, and orbicula-

ris oculi is elevated.17 The lateral vector of the flap is counterbal-

anced by superomedial malar fat repositioning via a subciliary

incision using the orbicularis oculi as a vehicle.25,97,98,99 The aim

is to overcome the “lateral sweep” and “hollow eye” phenomena

of the traditional facelift.25 Significant redundancy secondary to

malar lift mandates obligatory forehead and brow lift, which are

combined with an upper lid blepharoplasty.99,100 The obligatory

forehead lift is accomplished via either an open coronal or a sub-

galeal hairline approach (according to forehead length); endo-

scopic techniques are not utilized.99,100 Arcus marginalis release

and septal reset are now integral components of the proce-

dure.99,100,101 A submental incision and platysmaplasty are always

used to address the neck.99,100,101

Fig. 22.24 A cadaver model showing the extent

of undermining for a lateral SMASectomy

procedure.

Fig. 22.23 Marking of the three MACS loops on

the skin of a cadaver. Note the position and

direction of the malar loop comprising the

extended MACS lift.
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Marking

The markings include the jawline, the gonial angle, and the

course of the zygomaticus muscles (major and minor) from the

malar eminence to the corner of the mouth and alar base

(▶ Fig. 22.27).100

Incisions

The following incisions are necessary: (1) hairline or coronal

browlift incisions, (2) upper and lower blepharoplasty incisions,

(3) temporal scalp (temporal hairline incision is never utilized),

(4) periauricular facelift incisions, and (5) submental incision.100

Dissection

Composite rhytidectomy includes dissections in the following

planes: (1) subgaleal forehead/temporal dissection, (2) zygo-

orbicular dissection through a subciliary/lower eyelid incision,

(3) deep/sub-SMAS dissection in the face, and (4) subcutane-

ous/preplatysmal neck dissection.20,21,23,24,99,100,101

An upper blepharoplasty is completed first leaving the lateral

incision open for later lower orbicularis suspension to the perios-

teum of the lateral orbital rim.100 Through a lower blepharo-

plasty, strict suborbicularis oculi dissection is continued deep to

ZM (“zygo-orbicular dissection”) in a pre-periosteal plane using

scissor spreading or occasionally a “Kitner” to avoid potential

nerve injury (this dissection should not detach the origin of the

ZM from the zygoma).23,100,101 This is followed by arcus margin-

alis release and septal reset.21,24,101 A laterally based orbicularis

oculi muscle flap is developed for later fixation to the lateral

orbital rim (to achieve the malar lift).100 A lateral canthopexy or

canthoplasty is mandatory.100 A mesentery is preserved between

the zygo-orbicular dissection and the face-lift dissection. This

mesentery contains the branches of the nerves and orbicularis

oculi muscle and is called the “meso-orbicularis.”23,100 The neck

dissection is performed in a preplatysmal plane from the jawline

Fig. 22.26 Same cadaver model as in

▶ Fig. 22.24 and ▶ Fig. 22.25. Showing the SMAS

tightening after the SMASectomy closure

approximating loose SMAS anterior to parotid to

fixed SMAS overlying the parotid.

Fig. 22.25 Same cadaver model as in

▶ Fig. 22.24. After the SMASectomy is

performed, note that the excision is anterior to

the parotid gland and parallel to the nasolabial

crease. Also, note the facial nerve branches and

the zygomaticus major muscle (black arrows).
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to the inferior cervical crease.100 A mesentery of tissue “meso-

mandibularis” is maintained undissected over the gonial angle

and along the mandibular border, separating neck and face dis-

sections.17,19,99,100 The preauricular subcutaneous dissection tran-

sitions to a deep sub-SMAS plane from a line joining the malar

eminence to the jawline (a point 2cm anterior to the ear lobule;

▶ Fig. 22.28).17 The dissection in the lower face proceeds past the

facial vessels.17 In the upper face, the identification of ZM is crit-

ical (▶ Fig. 22.29).17 As with all sub-SMAS techniques, dissection

continues superficial to the ZM using scissor spreading motion to

and past the nasolabial fold.17,18,101,102

A mesentery “meso-temporalis” separates the face and fore-

head dissections and contains the frontal branches and the

anterior branch of the superficial temporal vessels.99,100

Closure

The cheek lift (the laterally based orbicularis oculi muscle flap)

takes precedence.100 The forehead and preauricular closures are

simulated with temporary towel clamps, to judge the tension

on the cheek lift precisely.100 The laterally based orbicularis

oculi muscle flap is passed under the lateral raphe and sutured

to the lateral orbital rim through the upper blepharoplasty inci-

sion.100 This is followed by closure of postauricular, preauricu-

lar, and submental incisions after judicial skin trimming.100

Forehead closure proceeds next while the lower eyelid skin

excision and suturing is performed last.100 As emphasized by

Hamra, “extraordinary tension is exerted for all closures partic-

ularly the orbicularis to periosteum approximation.”17,23

22.8.7 The Neck (Senior Author’s [JZ]
Preferred Technique)

Direct neck procedures include the following: (1) defatting

superficial to the platysma, (2) subplatysmal and interplatysmal

defatting, (3) medial platysmaplasty/platysma tightening, (4)

platysma plication over the submandibular gland, (5) subman-

dibular gland resection, and (6) alloplastic anatomical chin

implant placement when indicated.2,41,42

Fig. 22.27 Cadaver model showing the marking

for the composite facelift on the left hemiface.

Fig. 22.28 Same cadaver as ▶ Fig. 22.27. Initial

dissection shows the mesotemporalis (red arrow).

The line of incision to enter the sub-SMAS plane is

marked blue. Once dissection in the sub-SMAS

plane is accomplished, the neck will be separated

from the face by the mesomandibularis (black

arrow).
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Operative Technique

Surgical manipulation of the aging neck starts from the lateral

facelift approach. We prefer extensive lateral strict preplatys-

mal dissection through the periauricular facelift incision, which

we almost always take across the midline.2 This greatly facili-

tates subsequent submental dissection. During subcutaneous

undermining of the cervicofacial flap, we try to achieve a

smooth transition from the cheek where we keep extra fat on

top of the SMAS to the neck where we dissect strictly preplatys-

mal. This transition occurs across the mandibular border and

invariably results in some preplatysmal fat remaining immedi-

ately below the mandibular border.2 Some of this fat is trans-

ferred to the face during cranial SMAS flap mobilization.

Thorough removal of all remaining fat below the mandibular

border and gonial angle enhances jawline definition.2,41,42 A

3.5-cm-long submental incision is centered over the midline,

approximately 5mm caudal to the submental crease.42 Dissec-

tion is taken through the subcutaneous tissue identifying the

medial borders of the platysma muscle. It is possible to inadver-

tently get too deep and transect the platysma especially in revi-

sion cases. Extensive preplatysmal dissection from the lateral

approach across the midline facilitates later correct plane iden-

tification through the submental incision.2 The undersurface of

the platysma is dissected from underlying fat by dissecting the

medial edges of the platysma laterally until the anterior bellies

of the digastric muscles are identified. Interplatysmal/subpla-

tysmal fat is removed flush with the digastric muscles

(▶ Fig. 22.30).2,41,42 Fat removal extends inferiorly down to the

thyroid cartilage. Fat distribution is in the shape of an inverted

“T” with fat extending laterally as dissection continues inferi-

orly. If the anterior bellies of the digastrics are full, they can be

shaved flush with subplatysmal fat.2,41,42 The medial edges of

the platysma are sutured together either using interrupted

or continuous 3–0 PDS suture. Our preference is a running layer

of platysma plication down to thyroid cartilage and up again to

the chin outside the first layer using the same suture progres-

sively tightening the “corset” (corset platysmaplasty of Feld-

man).39,94 The open approach to the submental area is

controversial. Many excellent facelift surgeons frequently avoid

the anterior approach to the platysma, as it does increase com-

plications.103 But in our opinion, it is critical to consistently excel-

lent results in most patients.39,41,42,94 Subplatysmal fat is to be

excised flush with anterior digastrics so as not to create a cavity

between the muscles. A midline ridge is avoided by careful

approximation of the platysma, taking small bites when suturing

the platysma closed. When the platysmaplasty is well done, the

patients will complain of tightness in the neck postoperatively.

This invariably resolves in a manner of several weeks. If the pla-

tysma plication stops short of the thyroid cartilage bands will

recur below the plication. The corset platysmaplasty does not

include horizontal platysma transection. Transection is contrary

to the corset concept as described by Feldman.39,41,42,94

22.9 Postoperative Care
At the completion of the procedure, a gauze padded, mildly

compressive, cheek and head wrap inclusive of the neck is

placed. The head is kept elevated the first 24 hours to minimize

facial edema. Elevation is continued as much as possible for the

first 1 to 2 weeks after the procedure. The compressive wrap

and dressing is removed the day following the operation, and

examination is focused on hematoma, facial nerve function, and

flap viability. Most surgeons continue use of elastic neck and

cheek support for the first week after surgery to minimize

edema in the neck and lower face. Physical restrictions are

maintained for the postoperative period to minimize facial

edema and reduce the risk of incisional dehiscence. Gradual

resumption to normal activities is permitted after about 3

weeks. Strict sun avoidance is necessary for 1 month, after

which sun protection is maintained.

Fig. 22.29 Same cadaver as ▶ Fig. 22.27 and

▶ Fig. 22.28. Note the sub-SMAS dissection is

limited by the zygomaticus major (ZM) muscle in

the upper face and the facial vessels in the lower

face (black arrow).
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22.10 Outcomes

22.10.1 Early Complications

Hematoma

The incidence of hematoma varies greatly, from as low as 1% to

higher numbers.3,48,94,103,104,105,106,107,108,109,110 Preoperative

screening for bleeding diathesis and relevant medications in

addition to meticulous surgery can reduce the risk.3,103,104,106

Maintaining blood pressure at or above baseline before closure

helps recognize potential postoperative bleeding as rebound

from epinephrine effect wanes.94 Avoidance of postoperative

hypertension, nausea, and vomiting is also critical.103,106,111 Pla-

telet-rich plasma and fibrin glue have been utilized to minimize

bleeding complications, but evidence of effectiveness is still

debatable.103,106 An expanding hematoma requires immediate

evacuation due to the risk of airway compromise (if subplatys-

mal in the neck) and flap ischemia. Small hematomas can be

missed because of facial edema and lead to postoperative

contour irregularities. Large hematomas should be evacuated

in the operating room, while small blood collections can

be cleared through minimal interventions (e.g., milked out

through drains or aspirated).

Seroma

Seromas occur most frequently in the neck region and if unrec-

ognized they can lead to contour irregularities that are difficult

to correct. Although controversial, many believe suction drains

obliterate the dead space and minimize fluid collection. If

seroma forms after drain removal, repeated aspirations are

mandatory until the seromas subside.

Sialoma

Sialoma is a rare complication that may occur after a sub-SMAS

operation or submandibular gland resection. Clear fluid

drainage should raise suspicion and a parotid fistula is diag-

nosed if a high amylase level is found. Obliterating the dead

space with suction drains rather than repeated aspirations is

the most effective management strategy. In the absence of dis-

tal obstruction, the leak will invariably stop.

Facial Nerve Injury

Permanent facial nerve paralysis is rare. The incidence is 0.4 to

2.6%.83 The most common branches are the marginal mandibu-

lar and frontal branches.77,83 Since injury is usually distal and

spontaneous resolution is common, surgical exploration is not

indicated.77,83 Botulinum toxin to the contralateral muscles is a

reasonable temporizing measure to achieve symmetry until

recovery.

Flap Ischemia

This usually occurs in the postauricular area and frequently

follows a hematoma. It is less common with deep plane

(composite) rhytidectomy. When suspected, limited suture

removal to relieve tension can result in improvement. Once

established, expectant management and reassurance is suffi-

cient. Scar revision may be necessary later.

22.10.2 Late Complications

These are generally aesthetic and include (1) contour irregular-

ities that can result from asymmetric fat excision and inadequate

skin undermining; (2) unmasking of ptotic submandibular

glands; (3) pixie ears (avoid any tension on the lobule during clo-

sure); (4) unsatisfactory scars (tensionless closure is mandatory);

(5) loss of tragal definition; (6) temporal or occipital hairline

recession (see before); (7) alopecia; and (8) recurrent neck band-

ing caused by aggressive defatting, unrecognized seromas, or

irregular platysma plication. Conservative resection of fat is the

best prevention.

Fig. 22.30 Intraoperative picture. Bird’s eye view

of the submental dissection. Note the medial

platysmal edge held in forceps (black arrows) and

the subplatysmal fat in between. Fat is excised

flush with the digastric muscles.
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The results of surgical rejuvenation are not permanent. Age-

ing and its effects on facial anatomy continue beyond the surgi-

cal procedure. Eventually, further surgery can address the

progressive aging process. Several studies have looked at the

longevity of results, with the endpoint of repeat face lift. The

consensus is that 8 to 10 years is the timeframe for which a

“redo” surgical procedure can be done to correct the continued

aging of the face. Individual results and longevity often depend

on individual patient characteristics such as age, changes in

weight, level of activity, sun exposure, and general health.

Nevertheless, the “clock is reset” and patients will appear

younger after the surgical rejuvenation and restart the aging

process from the new starting point. In that regard, the changes

have some permanency.

22.11 Review Questions

22.11.1 Choose the Best Answer

1. A 60-year-old female is to undergo an extended SMAS

procedure. The details of the surgical anatomy of the SMAS

were described by

a) Tord Skoog.

b) David Furnas.

c) Vladimir Mitz and Martine Peyronie.

d) James Stuzin et al.

2. A 62-year-old woman is undergoing a facelift. To avoid injury

to the frontal rami of the facial nerve, skin undermining in

the temporal region should be superficial to

a) The deep temporal fascia.

b) The superficial temporal fascia.

c) The innominate fascia/parotid temporal fascia.

d) The periosteum.

3. A 47-year-old woman is in your office for consultation

regarding face and neck rejuvenation surgery. She has read

some information on the internet and is interested in a

short-scar-limited SMAS intervention. The following

technique best describes her wishes:

a) Composite rhytidectomy.

b) Lateral SMASectomy.

c) High SMAS technique.

d) SMAS-platysma facelift.

4. A 49-year-old woman is undergoing an endoscopic brow lift.

In your craniocaudal dissection in the temporal region, the

following structure when encountered indicates that the

frontal rami of the facial nerve are in close caudal proximity:

a) Sentinel vein.

b) Lateral orbital thickening.

c) Supraorbital ligamentous adhesion.

d) Inferior temporal septum.

5. A 50-year-old woman is undergoing face and neck lift

surgery. Her clinical evaluation discloses significant

cervicofacial laxity, pronounced vertical neck bands, an

obtuse cervicomental angle, and prominent jowling. The

surgical technique to achieve long-term improvement in the

neck bands most consistently would involve

a) Aggressive neck liposculpture.

b) Vertical SMAS flap transposition and fixation.

c) Corset platysmaplasty.

d) Lateral SMASectomy.

22.11.2 Answers

1. c. Vladimir Mitz and Martine Peyronie.

2. b. The superficial temporal fascia.

3. b. Lateral SMASectomy.

4. d. Inferior temporal septum.

5. c. Corset platysmaplasty.
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23 Facial Rejuvenation with Injectables
Lynn A. Damitz

Abstract

This chapter covers the subject of botulinum toxins and the

different classes of fillers—collagen, hyaluronic acid, calcium

hydroxylapatite, poly-L-lactic acid, permanent fillers, liquid

injectable silicone—available for facial rejuvenation. The authors

sequentially describe each step of the presurgical, surgical, and

postsurgical phases. Indications that respond best to Botox are

cited, and techniques for filler injection are covered. The chap-

ter concludes with guidelines on postsurgical care and, impor-

tantly, potential complications and their treatments.

Keywords: Botox, fillers, G prime value, collagen, silicone

23.1 Botox: Goals and Objectives
● Know the indications for use of botulinum toxins including

FDA-approved indications and off-label uses.
● Know the different types of botulinum toxins and the

advantages and disadvantages of each.
● Know the contraindications and cautions for use of

botulinum toxin.
● Know the potential complications and side effects of

treatment with Botox and what should be discussed in order

to obtain informed consent.
● Know proper reconstitution, storage, preparation, and the

techniques for injection of Botox for different areas of the

face.

23.2 Fillers: Goals and Objectives
● Know the different classes of fillers and the pros and cons of

each and their use in appropriate areas.
● Know what the G prime value is and how it guides the use of

the filler.
● Know the complications that can be associated with injection

of fillers.
● Know the injection techniques for the upper, mid, and lower

face.
● Know aftercare procedures and cautions after injection with

fillers.

23.3 Botox
Botulinum neurotoxin (BoNT) is an exotoxin that is secreted by

the Clostridium botulinum bacteria. There are seven serotypes

of botulinum toxin labeled A to G, but only types A and B are

produced for clinical use. Although serotypes A and B have the

same clinical effect of chemodenervation, they have different

mechanisms of action. Type A botulinum toxin (BoNT-A) inhib-

its SNAP-24 which inhibits vesicular release of acetylcholine at

the neuromuscular endplate. Type B botulinum toxin (BoNT-B)

binds to and cleaves synaptobrevin which blocks presynaptic

vesical fusion and neurotransmitter release. The first reported

use of BoNT in humans was in 1980 for the treatment of stra-

bismus by Dr. Alan Scott. Dr. Carruthers pioneered the use of

BoNT for cosmetic treatment of glabellar rhytids in 1987.1

BoNT is a safe drug when used appropriately. Most cosmetic

patients receive 25 to 75 units per treatment. The most com-

monly used BoNT used for cosmetic applications is Type A. The

different formulations of injectable BoNT-A available are Ona-

botulinumA (Botox Cosmetic, Allergan), AbobotulinumtoxinA

(Dysport, Medicis), and IncobotulinumtoxinA (Xeomin, Merz).

There are minor differences between the different formulations.

Compared to Botox, Dysport is thought to have a faster onset,

but its spread is wider which may be a factor when deciding if

to use it around the ocular muscles. It requires 2.5 to 4 times

the dose of Botox for the same effectiveness. Xeomin has the

advantage of not needing refrigeration and its dosage is 1:1

with Botox. It does not have hemagglutinin proteins which give

it a lower theoretic hypersensitivity profile than Botox or Dys-

port. Botox is approved by the Food and Drug Administration

(FDA) for the treatment of glabellar rhytids and crow’s feet. Dys-

port and Xeomin are FDA approved for glabellar rhytids. Rima-

botulinumtoxinB (Myobloc, US WorldMeds LLC) is a BoNT-B,

but it is not commonly used for cosmetic applications as it has a

lower pH which makes injection more painful and it has a

shorter duration of action.1

23.4 Fillers
There are a wide variety of fillers that are FDA approved for use

in facial rejuvenation. Fillers can be first divided into two main

categories: biodegradable fillers which are impermanent and

non-biodegradable fillers which are permanent. The biodegrad-

able fillers can be further subdivided into collagen, hyaluronic

acid (HA), calcium hydroxylapatite (CaHA), and polylactic acid

fillers and within these different categories, the fillers can vary

in their concentration of material, size of the particles, the vis-

cosity, and side-effect profile. Common uses for fillers are for

correction of moderate-to-severe facial wrinkles, lip augmenta-

tion, cheek augmentation to address midface age-related vol-

ume deflation, and tear trough deformities.

The fillers have different properties which guide which ones

are used for different areas. The size of the particles, the

amount of cross-linking, the G-prime, the viscosity, and the

concentration of the product determine its properties. G-prime

refers to the elastic modulus, or stiffness of the filler. The more

cross-linking of the polymer, the higher the viscosity and G-

prime of the product and the more volume and lift it will give

and the longer it will last.2

23.4.1 Collagen

The first facial fillers were made of bovine collagen, but they fell

out of favor due to the need for skin testing before injection to

detect possible hypersensitivity reactions and a short duration

of action. Zyderm I and II and Zyplast (Inamed Aesthetics, Santa

Barbara, CA) were derived from bovine collagen and to address
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the concerns of hypersensitivity, CosmoDerm I and II and Cos-

moPlast (Inamed Aesthetics, Santa Barbara, CA) were developed

from highly purified human collagen.3

23.4.2 Hyaluronic Acid

HA is a naturally occurring glycosaminoglycan in the skin. It is

synthesized using non-animal sources and consists of cross-

linked polysaccharide chains which combine with the skin’s HA

and water to increase the volume and lift in the area. It is also

thought to contribute to neocollagenesis. HA lasts between 4

and 12 months and is cleared by the body via hepatic metabo-

lism. HA fillers can be used for correction of moderate-to-

severe rhytides and folds and is usually injected into the mid-

to-deep dermis. The side-effect and complication profile of HA

includes mild pain, edema, and erythema which can be related

to injection technique. Hyaluronidase can be used to dissolve

HAwhich makes HA the only currently reversible filler available

today. Currently available HA fillers include Restylane (Gal-

derma), Juvederm (Allergan), Prevelle (Mentor), and Belotero

(Merz).4

23.4.3 Calcium Hydroxylapatite

Calcium hydroxylapatite microspheres are made of material

that is similar to bone. The microspheres measure 25 to 45µg

and are suspended in an aqueous sodium carboxymethylcellu-

lose carrier gel. The microspheres stimulate the neocollagenesis

which lasts for 15 months or longer due to the slower degrada-

tion of the particles. CaHA is degraded into calcium and phos-

phate which is resorbed. It is currently FDA approved for HIV-

associated lipoatrophy and moderate-to-severe rhytids. It

should not be used for superficial injections or in the lips, tear

trough, or glabella due to granuloma formation. There is no

reversal agent for CaHA. Radiesse is a CaHA filler currently

available in the United States.4

23.4.4 Poly-L-Lactic Acid

Poly-L-lactic acid (PLLA) is a synthetic polymer that is broken

down in the body via hydroxylation. Sculptra is a PLLA-based

filler that is available in the United States. The microspheres

usually measure 40 to 63µg and after injection, it causes a sub-

clinical inflammation which stimulates collagenesis. It is FDA

approved for the treatment of HIV-related lipoatrophy and cor-

rection of moderate-to-deep rhytides. It has also been used to

treat acne scars and for larger volume correction of facial asym-

metry. The product requires reconstitution with sterile water

hours prior to injection and may take several treatments to

achieve the needed volume correction, but the results can last

as long as 2 years. Complications associated with PLLA include

nodule formation and clumping of the filler in dynamic areas.4

23.4.5 Permanent Fillers

Permanent fillers are polymethylmethacrylate (PMMA) micro-

spheres and liquid injectable silicone (LIS). PMMA microspheres

measure 30 to 50 µg and are suspended in a gel that contains a

small amount of bovine collagen. The first generation of PMMA

fillers used smaller and less uniform microspheres which

resulted in granuloma formation 6 months to 6 years after im-

plantation. The newest generation of PMMA fillers, such as Bel-

lafill (Suneva Medical, San Diego, CA), utilizes larger, more

uniform beads and have a better side-effect profile. PMMA

microspheres stimulate neocollagenesis which occurs months

to more than a year after initial injection. This filler is good for

the treatment for contour deformities, facial wasting, acne scars,

and deep rhytids. It is meant for deep plane injection and

should not be used for superficial injection and in thin skin

areas due to the risk of nodules, beading, and scarring, espe-

cially with first generation of PMMA fillers.4 The permanence of

the filler is both an advantage and disadvantage of the filler. If

injected correctly, the results are permanent and do not require

reinjections, but if injected incorrectly, there is no way to

remove the filler except surgically.

23.4.6 Liquid Injectable Silicone

Silikon 1000 (Alcon, Fort Worth, TX) and ADATO SIL-OL 5000

(Bausch & Lomb, San Dimas, CA) are two FDA-approved LIS. The

FDA approval is for intraocular use only and LIS is not com-

monly used for facial rejuvenation due to the risk of granuloma

formation and migration of the silicone. The use of a micro-

droplet injection technique has been shown to decrease inci-

dence of complications.5

23.5 Patient Presentation
The chief concern that patients may present with in the office

can vary from general requests to look younger or “less tired”

to specific concerns about particular areas of the face and a

request for “Botox.” Patients may complain of looking angry or

upset due to rhytids that are present when their face is at rest.

Others will complain of feeling like their eyes are tired at the

end of the day, especially after being outside for an extended

period of time. Others may present with specific concerns such

as dark circles under the eyes (tear trough), deep marionette

lines, or nasolabial folds (▶ Fig. 23.1).

The initial patient assessment includes obtaining a full his-

tory and information about prior cosmetic procedures and

injections. When asking if the patient has had prior BoNT injec-

tions, the question should be directed as queries about any

facial injections, not just Botox injections as some patients are

not aware that Dysport and Xeomin and Myobloc are in the

same class of medications as Botox.

Past medical history should be screened for neuromuscular

diseases such as amyotrophic lateral sclerosis, myasthenia

gravis, and Eaton–Lambert’s syndrome, which are a relative

contraindication to BoNT injection.6 Review of systems should

include inquiries about problems with swallowing, bleeding

problems, and eye difficulties such as ptosis and corneal expo-

sure. It is not recommended to perform BoNT injections on

patients who have recently had LASIK surgery and blepharo-

plasty due to a higher risk for dry eyes and corneal exposure.

Medications to watch for are any blood thinning medications

including warfarin, clopidogrel, and aspirin and recent use of

nonsteroidal anti-inflammatory drugs or any of the many blood

thinners that are now available. The use of over-the-counter

medicine such as fish oil and vitamin E should also be investi-

gated as these may also increase the risk of bleeding and
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bruising. The patient will need to be off any blood-thinning

medications for 2 weeks prior to injection. Aminoglycoside

medications and other medications that affect neuromuscular

transmission are contraindicated as they can potentiate the

effect of BoNT.

Other contraindications to treatment with BoNT are allergies

to botulinum toxin or human albumin. If the patient is allergic

to milk protein, Dysport cannot be used as it contains milk

protein.

Although BoNT and fillers have not been found to be a terato-

gen, it is a category C drug and injections are not recommended

for women who are pregnant, nursing, or are attempting to

become pregnant.

If the patient is concerned about perioral rhytids and is

requesting injection around the mouth, obtaining information

about his or her jobs and activities such as playing a musical

instrument, any job that requires a lot of talking, and other job/

activities that require a lot of movement of the mouth is impor-

tant, as it may be compromised by BoNT injections around the

mouth.7

23.6 Evaluation of the Patient
The patient’s face is first examined at rest and existing rhytids

and resting facial expression are noted. Common patterns of

rhytids on the upper face are transverse rhytids across the fore-

head, vertical rhytids overlying the glabella, transverse rhytids

over the nasion, and transverse and radial rhytids lateral to the

lateral canthus, also known as “crow’s feet.” A snap test can be

performed on the lower eyelid to test for risk for ectropion. In

the lower face, the common patterns of rhytids are along the

nasolabial folds, marionette lines, and vertical perioral rhytids.

The resting position of the oral commissures may be down-

turned due to overactive depressor anguli oris (DAO) muscles.

There may be a mental crease along the chin and platysmal

banding on the neck.

Next, have the patient animate his or her face. The amount of

movement and deepening of the rhytids should be noted. Fore-

head rhytids will deepen with contraction of the frontalis. The

position of the brow as the frontalis contracts should be

observed. Hyperactivity of the lateral brow in contrast with the

medial brow may indicate a lateralized frontalis which could

lead to excessive elevation of the lateral brow if not enough

Botox is placed laterally. Next, have the patient frown to iden-

tify the position of the corrugator muscles. Having the patient

sniff will activate the procerus and the transverse nasion

rhytids can be examined. When the patient smiles, activation of

the zygomaticus major (ZM)/minor will result in deepening of

the nasolabial folds and the radially oriented folds at the lateral

canthus. Having the patient strain his or her neck will make any

platysmal banding more prominent.

BoNT injection for the treatment of a “gummy smile” has

been reported. This appearance can be due to hyperactive lip

elevator muscles. For patients with this complaint, there should

be special consideration on the type of smile the patient has

and which muscles are mainly responsible for the smile. Rubin

described three basic forms of smiles. The “Mona Lisa” smile is

the most common smile and is where the corners of the mouth

are pulled up and out due to a dominant ZM muscle and is fol-

lowed by contraction of the levator labii superioris (LLS). The

“canine” smile occurs when the LLS contracts first, exposing the

canine teeth followed by contraction of the ZM. The third type

of smile is the “full denture” smile where the ZM and LLS con-

tract at the same time showing both the upper and lower

teeth.8

If the patient has deep forehead rhytids at rest and there is

evidence of dermatochalasis, the patient should also be eval-

uated to see if he or she is using his or her frontalis muscle to

keep the eyelids in a position that allows for adequate periph-

eral vision. This exam can be done by relaxing the forehead and

having the patient look down and then straight ahead while

keeping a hand on the forehead. The amount of dermatochalasis

should be evaluated and the patient’s peripheral vision eval-

uated. The patient should be counseled that by relaxing the

brow with BoNT, worsening of peripheral vision may occur.

Existing asymmetries of the face should be discussed with

the patient during the preinjection evaluation and there may

be differences in the way the muscles respond to the injection.

Since there are differences between patients in response to

BoNT, an incomplete block may occur with dosages that

produce a complete block in another patient.

23.6.1 Managing Expectations

It is a misperception that Botox removes all wrinkles in the area

injected. In a young patient with minimal rhytids, paralysis of

the muscle can result in a smooth brow due to decreased acti-

vation of muscles in the area. In a patient with deep rhytids,

they need to understand that the wrinkles will remain even if

the muscle is inactivated and further treatments such as skin

care, resurfacing treatments, or filler will be needed to lessen

the appearance of the rhytids.

Fig. 23.1 (a-c) Prior to injection with Botox and Radiesse Plus. Botox: glabellar = 25 units, right lateral brow=4 units, left lateral brow=4 units, crow’s

feet = 8 units.
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The onset of Botox occurs within 3 days and the maximal

effect will not be seen until 7 to 14 days after injection. If the pa-

tient has any significant events within in a week, as a wedding or

public appearance, injection may want to be delayed until after

the event to give time for any bruising or swelling to resolve.

The paralysis of the muscle is temporary and on average, the

patient can expect it to last for 3 to 4 months with full reversal

of the effects taking 3 to 6 months.9

After injection with fillers, the patient may have bruising for

7 to 10 days after injection. Nonpermanent filler injections can

last 6 to 12 months based on their properties and placement.

Fillers placed in dynamic areas will not last long and more fre-

quent injections may be needed.

23.7 Preparation for Procedure

23.7.1 Consent

Prior to injection, the patient needs to be fully informed of the

risks, benefits, and alternatives to the treatment.

FDA approval for cosmetic uses currently for Botox, Dysport,

Xeomin, and Myobloc is only for treatment of glabellar rhytids.

Botox has the additional approval for treatment of crow’s feet.

The use of BoNT in any other areas of the face is off-label.10

The approval for fillers is generally for injection into the mid

to deep dermis for treatment of moderate-to-severe facial wrin-

kles and folds. Restylane silk has approval for treatment of

perioral rhytids and lip augmentation. Juvederm Voluma has

been approved for supraperiosteal injection for mid-face vol-

ume restoration. Sculptra and Radiesse have been approved for

HIV-related lipoatrophy.11

Since injections with BoNT and fillers are often cosmetic pro-

cedures, insurance does not typically cover the treatment and

the patient will be financially responsible for the treatment, fol-

low-up visits, and for the costs for treatment of any complica-

tions that arise from the injections.

The American Society of Plastic Surgeons (ASPS) has designed

a general consent for BoNT and filler injections that can be uti-

lized by ASPS members.

23.8 Treatment

23.8.1 Prep

The skin is cleaned with a Betadine and/or alcohol prep in the

area to be injected. Prior to this, the patient can place ice packs

over the skin to decrease sensation over the area. EMLA or LET

cream can be placed on the skin to induce some anesthesia.

Some practitioners will perform regional blocks prior to injec-

tions of filler if multiple injections are needed.12

23.8.2 Reconstitution

Botox comes lyophilized and needs to be reconstituted with sal-

ine for injection. Recommended reconstitution procedures are

given by the manufacturer. For Botox, it is recommended that

2.5mL of preservative-free 0.9% sodium chloride is added to the

vial which results in 4 units per 0.1mL. The liquid is then drawn

up into a 1-cc syringe. A short 30- to 33-gauge needle is used

for the injection. Large reconstitution volumes afford greater

control over the amount dosed, but more concentrated formu-

las are less painful on injection due to the smaller volume. It is

recommended that after reconstitution, it is used within 24

hours and stored in a refrigerator at 2 to 8 °C.13

Fillers come ready to use and do not require reconstitution,

but some practitioners will dilute some of the fillers to facilitate

the injection process and prevent clumping.14

23.8.3 Botox Injection Techniques

Botox is the most commonly used BoNT currently; so, all dos-

ages reported below are for Botox. Men typically require higher

dosages that are 10 units higher than women.

Glabella and Vertical Forehead Lines

The targeted muscles are the corrugator supercilii, procerus,

and orbicularis oculi. Prior to injection and prep, the patient is

asked to frown and scrunch the nose to evaluate the pattern of

frowning and location of the greatest activation of the muscles.

The recommended dosage of Botox in this area is 20 units

divided into five injection sites; two 4 units of injection into

each corrugator, and one 4 units of injection into the procerus.

All injections need to be at least 1 cm over the supraorbital rim

to avoid brow or eyelid ptosis.15,16

Bunny Lines

Transverse nasal dorsal rhytids can be treated by injecting the

nasalis muscle with 3 to 5 units in one injection or divided into

two superficially on the dorsum of the nose or on the nasal

sidewall.16

Horizontal Forehead Lines

The target muscle is the frontalis and a total of 10 to 20 units

are used in this area for women. The frontalis is anatomically

variable in this area but generally, there are two heads with var-

iable amounts of overlap centrally. When the patient raises his

or her eyebrows, look for asymmetry and if a higher dosage is

needed on one side. Most forehead elevation originates more

caudal on the forehead; so, the injections should be located

lower on the forehead. Four to six areas are injected across the

forehead taking care to stay 2 cm above the supraorbital rim to

avoid brow or eyelid ptosis. If the injection pattern is too cen-

tralized, there will be excessive elevation of the lateral brow.

Recommended dosage is 6 to 15 units divided into four to eight

injection points for women.15,16

Crow’s Feet and Lower Eyelid

The target muscle is the lateral portion of the orbicularis oculi

muscle. Have the patient smile to evaluate the pattern of rhytids

from the lateral eye. The most common pattern is radially ori-

ented rhytids from the lateral canthus. Two to four injections

are given on each side, one centimeter lateral to the orbit,

avoiding any veins. The injection is superficial at a level where

the needle should be seen under the skin. The usual dosage is 8

to 16 units per side divided into three to five injection sites. If

the patient has lax lower eyelids, medial injections should be

avoided to prevent inability to close the eyelid and develop-

ment of ectropion.16
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Perioral Lines

The orbicularis oris is the targeted muscle for treatment of

perioral lines. Prior to injection, the patient purses his or her

lips for evaluation of the strength of the muscle. Two to five

units in total are injected across the upper lip within 5mm of

the vermillion, avoiding the philtrum and commissures.16

Neck

For patients with platysmal banding, injection of 15 to 30 units

of Botox can be injected directly into the muscle in three to five

sites in 1-cm intervals from the mandibular border to where

the band is visible. Care must be taken to inject only into the

platysma and not deeper in order to avoid chemodenervation

of the underlying strap muscles.15,16

Downturned Commissures

Injection of the DAO can help raise downturned commissures of

the mouth and reduce the appearance of marionette lines and

an angry or sad appearance. To locate the locations of the DAO,

the patient is asked to pull down the corners of the mouth.

Injection of 2 to 5 units of BoNT is performed 1 cm lateral to the

oral commissure along the mandibular border.17

Dimpled Chin

If the patient has dimpling of the chin, this can be improved

with injection of 5 to 10 units of Botox into the mentalis muscle

in the midline just under the prominence of the chin.15

Gummy Smile

The injection of the lip elevators to treat excess gingival show is

not often performed but has been described in the literature.

Hwang et al described injection of Botox at “Yonsei’s point” to tar-

get the lip elevators, the LLS, levator labii superioris alaeque nasi,

and zygomaticus minor. Yonsei’s point is a triangular area of con-

vergence of the three lip elevators. The points of the triangle are

the lateral point of the ala, the midpoint of the nasolabial fold

between the ala and the commissure, and the maxillary point

one-fourth distance between the ala and tragus. Five units of Botox

are injected into the central point of this triangle which is usually

1cm lateral to the ala and 3cm cephalad to the commissure.18

23.9 Filler Injection Techniques

23.9.1 Upper Face

Fillers can be used to treat temporal hollowing related to aging.

Fillers that have a high G-prime and viscosity are used in this

area. The superficial temporal artery should be palpated and

injection kept away from the vessels. The needle is inserted

near the temporal crest to the level of the bone which is a rela-

tively avascular area. The needle is maintained against the bone

during the injection and the product will spread circumferen-

tially from the injection site. The total amount of filler injected

can range from 0.25 to 0.75mL per side. For more superficial

injection, a lower G-prime filler is used. The needle is inserted

at a 90-degree angle near the temporal crest and the angle of

the needle is changed to 45 degrees to facilitate injection into

the subdermal space at the level of the superficial temporal fas-

cia. The injection plane is between the subcutaneous tissue and

the superficial temporal fascia and aliquots of 0.01mL are

injected in a retrograde fashion followed by massage to contour

the filler.19,20,21

23.9.2 Midface

The midface can be divided into three main areas: the lateral

zygoma, the midcheek, and the submalar area which are div-

ided by two lines—one extending from the lateral canthus to

the oral commissure and the other from the tragus to the base

of the ala. To increase the width of the midface, augmentation

with filler is performed in the area of the lateral zygoma which

is lateral to a line drawn from the lateral canthus to the oral

commissure. To increase the anterior projection of the midface,

the midcheek, which is medial to the lateral canthus and above

a line drawn from the tragus to the base of the ala, is aug-

mented. Augmentation of submalar area (lateral to a line drawn

from the lateral canthus to the oral commissure and below the

line from the tragus to the base of the ala) addresses facial

hollowness.20

Fillers with a higher G-prime which offer more lift and vol-

ume are usually used in this area. The injection is performed

with a 25- to 27-gauge needle with aspiration during injection

to prevent intra-arterial injection. The injection plane is supra-

periosteal and the facial compartments targeted are the subor-

bicularis oculi fat and the deep medial cheek fat. The injection

pattern used is small depot injections versus fanning until the

facial shadows are softened. Pitfalls include overinjection medi-

ally or in the tear trough.12

23.9.3 Tear Trough

Loss of volume in the midface can accentuate the nasojugal

groove, also known as the tear trough, giving the appearance of

dark circles or bags under the eyes due to shadowing from the

contour. Use of filler in this area can improve the appearance of

the tear trough deformity. Fillers used in this area include Belo-

tero (HA), Restylane (HA), and Radiesse (CaHA). After prepara-

tion of the area, the needle is inserted over the infraorbital rim

in line with the center of the eyelid where the skin is thicker.

When Restylane or Radiesse is used, it is injected retrograde

supraperiosteally in small aliquots below the area of the hol-

lowing. The filler is then massaged over the infraorbital rim and

into the volume-deficient areas. The filler is not directly

injected into the hollowed areas because of the thin skin and

risk of bluish discoloration to the area due to the Tyndall effect.

Belotero is less viscous and can be injected more superficially to

address superficial irregularities.12

23.9.4 Lips

Treatment of the lips with filler can include treatment of perio-

ral lines, fine vermillion lines, augmentation of the lips. The low

viscosity, small particle HA fillers such as Restylane Silk and

Belotero can be used for the treatment of superficial rhytids of

the vermillion and perioral rhytids. For augmentation of the

lips, low viscosity small particle HA is also used. Injections into

the orbicularis oris or deep fat pads will use HA filler with
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intermediate G-prime and viscosity such as Juvederm Ultra.

Technique for injection includes linear threading along, but not

above, the vermillion border and 1 to 2mL of filler is injected

retrograde. Philtral columns may splay with aging and restora-

tion can be accomplished with injection medial to each philtral

column.14,22 Radiesse is not recommended for injection into the

lips due to the risk of nodule formation.4

23.9.5 Melomental Folds

Loss of volume around the prejowl sulcus can accentuate the

melomental folds or “marionette lines” and may also be accom-

panied by downturned commissures. Fillers used to treat this

area have a high G-prime and viscosity to provide adequate lift

and volume. Filler injection may be combined with Botox injec-

tion of the DAO. Treatment of the marionette lines involves the

injection of filler in the deep and subdermis in a retrograde

depot fashion. Additional injections can be done lateral to the

commissure to lift the commissure.14

23.10 Postprocedural care
After the injection, ice packs can be placed over the areas to

reduce swelling and bruising for 10minutes on, 10minutes off

two to three times a day as needed for swelling for the first 1 to

2 days.

Postinjection instructions vary among providers but gener-

ally, the patient should not massage the face and should avoid

compression (including headbands and hats) to the areas

injected to reduce the risk of the toxin being distributed into

surrounding areas for at least 90minutes. This is especially

important for injections in the glabellar region since downward

migration of the toxin can affect the ocular muscles leading to

difficulties with periorbital and extraocular muscles. They

should not lie down for a few hours after injection and strenu-

ous activities which increase heart rate, blood pressure, and

make the face hot or flushed after injection should be avoided

to decrease chances of bruising.

Blood-thinning medications can be resumed 2 days after

injection.

Follow-up is also dependent on the provider. The patient can

follow up in 2 to 4 weeks for reevaluation and any additional

injections if needed.

23.11 Management of
Complications
Risks of injection include swelling, rash, headache, local numb-

ness, pain at the injection site, bruising, respiratory problems,

and allergic reaction. Infection is a rare complication but can

cause scarring at the site if it does occur.

Side effects of BoNT injection may include a headache that

can last from days to weeks. After injection, there may be bruis-

ing in the area and swelling at the injection points. If the patient

has a significant event coming up in the next week, it is recom-

mended that the injections be postponed until after the event.

Possible complications include eyelid or brow ptosis. There is

no reversal agent for Botox but apraclonidine 0.5% drops

(Iopidine, Alcon Labs) can be used to help with eyelid elevation.

Apraclonidine is an α2-adrenergic agonist which helps with

eyelid elevation via Mueller’s muscle. Other medications that

can be used for mild cases of ptosis include Naphazoline

(Naphcon, Alcon Labs) and Phenylephrine 2.5% (Mydfrin

2.5%, Alcon Labs).23

Another complication is corneal exposure. Injection of BoNT

affecting the orbicularis oculi may result in decreased blinking

and difficulty in completely closing the eyes, including ectro-

pion if the lower orbicularis oculi is affected. Migration of BoNT

to the extraocular muscles may induce a strabismus.

If the patient has undergone multiple BoNT injections in the

past, the body may develop neutralizing antibodies to the toxin

which reduces the effectiveness of the injection. Rarely, patients

have a hypersensitivity reaction to BoNT which may be related

to the proteins in the formula. Reactions can range from a mild

rash to anaphylaxis.7

Complications stemming from injection of fillers are rare, but

can range from poor aesthetic outcome to skin necrosis and

blindness. Skin necrosis and blindness can occur from vascular

occlusion due to intravascular injection which can present as

pain and blanching. Proper training and knowledge of filler

properties and facial anatomy will help prevent these signifi-

cant complications. Incidence of immunologic reactions to fill-

ers has been reported to be 0.06% and there has been no

identification of a definitive risk factor. Overcorrection or vas-

cular occlusion with HA fillers can be treated with hyaluronidase

and is recommended as soon as possible or optimally 4 hours of

injection. Large volume of hyaluronidase (450-1500 units) should

be infiltrated over the entire area including the course of the ves-

sel as hyaluronidase can permeate vessel walls.24

Injection of HA filler in areas of thinner skin such as under

the eye may result in bluish discoloration due to the Tyndall

effect (also known as Rayleigh’s scattering) which describes the

light reflex off filler that is injected too superficially.2 Treatment

for this is hyaluronidase to dissolve the HA.25

The aftercare instructions should be reviewed with the pa-

tient and if they are not able to comply with the restrictions

and instructions, injection should be deferred.

23.12 Outcomes
Patient satisfaction with injections is high. They are quick pro-

cedures with minimal downtime and minimal complications

for the experienced and educated injector. Objective analysis of

the decrease in rhytids after BoNT injection has been attempted

through digital analysis. Using digital analysis, Cavallini showed

a decrease in static lines of 12.4% and a 41.2% decrease in

dynamic lines after injection of 15 units of Botox into the

glabellar region.26

It has been suggested that injection treatments are more than

an “indulgence therapy” since it can result in a better emotional

and functional state after treatment.27 Standardization of injec-

tion sites and dosages is difficult due to variations in patient

anatomy and outcomes are dependent on the skill of the injec-

tor. There are many med spas and offices that offer Botox and

filler injections but not all injectors are the same. Knowledge of

facial analysis, anatomy, and mechanisms of action of botuli-

num toxin will produce improved aesthetic results and avoid a

frozen, artificial look and complications from treatment.

Craniofacial
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23.13 Review Questions

23.13.1 Fill in the Correct Answer

1. A patient experiences ptosis of the upper eyelid after

injection of Botox into the corrugator muscles to treat

glabellar rhytides. What muscle is affected by the Botox

leading to this complication?

2. After injection of the frontalis muscle for the treatment

of forehead rhytides, the patient has new excessive

elevation of the lateral brow. What caused this and how do

you treat it?

3. What are the FDA-approved cosmetic uses of BoNT?

4. A patient has sudden blindness after injection of filler in the

glabellar regions. What caused this and how do you treat it?

5. After injection of the tear trough with filler, the patient

complains of a bluish discoloration under the eyes. How do

you prevent and treat this complication?

23.13.2 Answers

1. When BoNT is injected too close to the levator palpebrae

superioris muscle or it migrates downward, paralysis of the

levator muscle can occur leading to ptosis of the upper

eyelid. This is usually associated with injection of the

corrugator muscles and in the glabellar region. This can be

prevented by injecting at least 1 cm above the supraorbital

rim and instructing the patient to avoid massaging that area

after injection. BoNTwith more diffuse effects such as

Xeomin should also be avoided in the glabellar region. There

is no reversal agent for Botox, but apraclonidine 0.5% drops

(Iopidine, Alcon Labs) can be used to help with eyelid

elevation. Apraclonidine is an α2-adrenergic agonist which

helps with eyelid elevation via Mueller’s muscle. Other

medications that can be used for mild cases of ptosis include

Naphazoline (Naphcon, Alcon Labs) and Phenylephrine 2.5%

(Mydfrin 2.5%, Alcon Labs).

2. Excessive elevation of the lateral brow after BoNT injection of

the frontalis muscle is due to insufficient treatment with

BoNT of the lateral frontalis and can be treated with

additional injection of BoNT laterally. Hyperactivity of the

lateral brow in contrast with the medial brow may indicate a

lateralized frontalis.

3. Botox is FDA approved for the treatment of glabellar rhytides

and crow’s feet. Dysport and Xeomin are FDA approved for

glabellar rhytides.

4. Complications stemming from injection of fillers are rare,

but can include blindness when injections are performed in

the glabellar region due to vascular occlusion from the filler

if there is an intraarterial injection. Vascular occlusion with

HA fillers can be treated with Hyaluronidase. One mL of

hyaluronidase will dilute 1mL of HA, but the total dosage

should be titrated to effect. In the case of blindness, an

ophthalmologist should be immediately consulted. It has

been recommended that clinicians performing filler

injections have a “filler crash kit” consisting of hyaluronidase

available in the case of emergencies such as this.

5. The bluish discoloration seen under the eye after injection of

the tear trough with HA fillers is due to the Tyndall effect.

The Tyndall effect, also known as Rayleigh’s scattering, is due

to differential scattering of light, so a seemingly clear

material may appear blue. For this reason, filler is not

directly injected into the tear trough because of the thin skin.

A recommended HA filler for injection into the tear trough is

Belotero, which is less viscous and has a low G-prime and

can spread under the thin superficial tissues without causing

the Tyndall effect. Treatment of this is injection with

hyaluronidase which will dissolve the HA.
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24 Hand Fractures
Lisa M. Block and A. Neil Salyapongse

Abstract

This chapter discusses the range of injuries and remedies

involved in a fracture to the hand. Practical guidelines are

offered for imaging modalities to assess injuries, regional anes-

thetic techniques, and the procedures of reduction, immobiliza-

tion, and fixation. Each structure of the hand commonly

involved in a fracture—distal phalanx, middle and proximal

phalanx, metacarpal, thumb, carpus—is individually treated.

Discussions of postoperative care, therapy, and outcomes con-

clude the chapter.

Keywords: digital block, reduction, immobilization, fixation

24.1 Goals and Objectives
● Know the key components of the history and physical exam

to performwhen evaluating a patient who has sustained a

hand injury.
● Understand which imaging modalities best evaluate various

hand fractures.
● Be able to accurately diagnose and describe the type and

pattern of fracture.
● Appreciate the various regional block techniques that can be

utilized when performing the hand exam, fracture reduction

and splinting in the emergency room, or operative fixation.
● Understand the options for surgical approaches to the fingers,

thumb, and hand and fixation techniques for various fracture

types.

24.2 Patient Presentation
Fractures of the long bones of the hand are among the most

common fractures sustained by patients of all ages. Patients

who have sustained a traumatic injury to their hand most often

present to the emergency department or urgent care facility for

treatment; however, some may present to the office as their ini-

tial contact. As the treating physician, the plastic surgeon

should be able to evaluate and treat fractures of the phalanges,

metacarpals, thumb, and carpus. The goal of appropriate hand

fracture treatment is ideally to achieve clinical union with

anatomic alignment and articular congruity with rapid mobili-

zation to minimize postinjury stiffness and associated comor-

bidities.

24.3 History and Physical Exam
When taking a patient’s history who has sustained a hand

injury, the physician should always document the patient’s age,

sex, hand dominance, injury laterality, occupation, and hand-

specific hobbies, as well as specific details of the mechanism of

injury and the timing of the injury. The initial physical exam

should take place before any regional or local anesthetic is

applied, in order to accurately determine sensation. Oral or

intravenous (IV) analgesia may be given to minimize discomfort

during examination. All dressings should be removed, and the

wound thoroughly irrigated to clear away blood and debris for

a clear view of the injury and structures involved. Physical

exam should start with observation of the injured hand, and

any associated bony and soft-tissue deformity. The examiner

should note how the hand is held at rest, whether there is any

significant hematoma or active bleeding, whether there is any

bone exposed, whether the fingers are all appropriate length,

and whether there is any malrotation of the fingers. Gentle pal-

pation of the hand and fingers may elicit focal areas of tender-

ness, prompting focal examination of individual digits as the

survey progresses. Finger length and rotation should be exam-

ined both with the fingers extended and with the fingers flexed

into the palm. Any scissoring of the fingertips indicates that

there is likely a metacarpal or phalangeal fracture with malrota-

tion (▶ Fig. 24.1). Comparison to the unaffected hand is key in

differentiating between normal anatomic variations and new

pathology. Exposed structures should be noted as well as any

soft-tissue deficits. Perfusion to all fingertips should be

assessed by observing fingertip temperature, color, and capil-

lary refill; hand-held Doppler exam of involved digital arteries

may be warranted if observation and palpation alone is unable

to confidently determine perfusion to the involved structures.

Sensation should be first grossly assessed by determining

whether or not light touch can be perceived, then evaluated

and documented specifically by performing two-point discrim-

ination on the radial and ulnar sides of each fingertip. Finally,

first passive then active range of motion of the wrist and all

fingers should be assessed and recorded.

24.4 Imaging
In the radiographic evaluation of hand fractures, plain radio-

graphs are the mainstay of diagnosis. All hand injuries should

be evaluated with anteroposterior (AP), lateral, and oblique

radiographs. These three views are essential for visualizing the

small bones in the hand to best characterize, and avoid missing,

any fractures. In addition, it is best to order radiographs as spe-

cific to the injury as possible for the best view. For example, if

the small finger has a deformity and a fracture is suspected, a

three-view series of the small finger will yield higher quality

images than a three-view series of the hand. This is because the

sharpest images are obtained when the X-ray beam is centered

over the area of interest; for example, hand series X-rays center

the beam over the middle finger metacarpal which contrasts

with dedicated finger series which center over the proximal

phalanx. As a result, the AP image of a hand will capture the

small finger slightly supinated potentially obscuring subtle frac-

tures (▶ Fig. 24.2). In some injury patterns, additional radiograph

views are useful, such as hook of the hamate view, navicular

view, Robert’s view for a true AP view of the thumb, and

dynamic studies such as the clenched fist view (▶Fig. 24.3).1,2

Computed tomography (CT) imaging is required only occasionally

for fracture evaluation. Indications for CT imaging are primarily

for operative planning in highly comminuted, intra-articular
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fractures. Magnetic resonance imaging is likewise rarely required

for hand fractures, indicated mainly for detecting occult scaphoid

fractures or early avascular necrosis such as in Kienbock’s dis-

ease.2 While ultrasound imaging can be useful for soft-tissue

hand injuries, it does not have utility in evaluating fractures.

When reading the radiographs, the treating physician should

be able to accurately diagnose and describe the type of fracture

sustained. This not only allows for determination of appropriate

treatment but also ensures accurate and efficient communica-

tion with other physicians. Possible fracture patterns include

transverse, oblique, spiral, and comminuted (▶ Fig. 24.4). Frac-

tures are described by identifying the type of fracture, whether

it is open or closed, commenting on the degree of comminution

if present, the presence and direction of fracture fragment

Fig. 24.1 Left ring finger malrotation deformity after PIP fracture

dislocation.

Fig. 24.3 Scaphoid fracture X-ray (a)

posteroanterior view compared with (b) navicular

view, which allows better visualization of

scaphoid waist fractures.

Fig. 24.2 Hand series X-ray of right small finger middle phalanx.

Imaging
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angulation, whether the fracture is apex-volar or apex-dorsal,

whether there is any shortening or segmental loss of the overall

bone length, measurement of any step-off of the fracture frag-

ments, description of any rotational deformity, quantifying any

articular surface involvement, and whether there is any associ-

ated joint dislocation (▶ Fig. 24.5).

24.5 Preparation for Surgery
If surgical treatment is indicated for a patient with a hand frac-

ture, additional workup may be required. Whether the patient

is currently an operative candidate is the first consideration; if

the patient has significant polytrauma involving other major

injuries, or if they are in poor health with significant comorbid-

ities, they may require either initial or ultimate nonoperative

management. Determination of general versus regional anes-

thesia with or without sedation should be made together with

the patient. Generally, all hand fractures requiring surgical

treatment can be done under regional or local anesthesia with

sedation; however, some patients strongly prefer general

anesthesia. If the patient has an appropriate safety profile for

general anesthesia, American Society of Anesthesiologists class

I or II, this may be accommodated. However, the risks and com-

plications of general anesthesia should be fully considered.

Prior to undergoing anesthesia, a heart and lung exam should

be performed, as well as an ECG if indicated, and any laboratory

tests as indicated, such as checking coagulation factors in

patients who are taking anticoagulation medications.

After the fracture is fully evaluated through history, physical

exam, and radiographic imaging, the treating physician must

determine appropriate treatment. Most hand fractures can be

managed nonoperatively, but there are clear indications for sur-

gical intervention. These include open fracture, displaced intra-

articular fractures, fractures with associated soft-tissue injury

requiring repair or reconstruction, malrotation, segmental bone

loss, multiple contiguous fractures, or an irreducible or highly

unstable fracture.3,4 However, the surgeon must bear in mind

that any surgical intervention, even when carried out with deli-

cate and precise tissue handling, creates additional trauma to

the surrounding soft tissue and increases the risk of adhesions

and stiffness.

Fig. 24.4 (a) Transverse fracture, (b) oblique

fracture, (c) spiral fracture, (d) comminuted

fracture.
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24.5.1 Treatment

Unless a patient has a clear indication for surgical intervention,

closed reduction and immobilization should be attempted. This

can be done in the emergency room, urgent care, or in the

office, provided appropriate imaging and splinting materials are

available. One of the primary determinants in achieving a good

reduction is satisfactory pain control for the patient so appro-

priate manipulation of the fracture fragments can be per-

formed. Regional anesthetic techniques prove very useful in

this setting to avoid dangerously large volumes of local anes-

thetic, and to achieve good pain control with lower doses of

opiate pain medication. Mastering the following regional anes-

thetic techniques will allow for the surgeon to perform reduc-

tion maneuvers on the full range of hand fractures: ring block,

digital nerve block, flexor tendon sheath block, wrist block,

hematoma block, and Bier block.

24.6 Regional Anesthetic
Techniques
When choosing the anesthetic for a regional block, the onset

and duration of action should be considered. In general, when

performing a regional block for fracture examination and

reduction, a rapid onset is preferred to expedite the procedure

and 1% lidocaine is the usual choice. When performing a

regional block for postoperative pain control, a longer duration

is preferred and 0.25% bupivacaine, which lasts twice as long as

lidocaine, is the preferred agent.5 A 1:1 mixture is an additional

option when performing regional blocks in which both rapid

onset and longer duration are desired. The following principles

apply to all regional block techniques in order to avoid compli-

cations: never administer a block in an area of soft-tissue infec-

tion, always withdraw the syringe prior to injecting to avoid

intravascular injection, use a small-gauge needle and slow

injection speed to minimize discomfort, use a short needle to

control the location of the tip, and calculate the maximum dose

of the chosen local anesthetic prior to drawing up the medica-

tion to avoid using a toxic dose. The use of epinephrine in con-

centrations of 1:100,000 to 1:200,000 is a common adjunct to

local anesthetics in order to limit systemic absorption and

increase the maximum safe dose of administration. Despite his-

toric concern regarding the safety of epinephrine use in the fin-

gers with a theoretic risk of skin or tissue loss, current evidence

has clearly shown that the use of epinephrine with local anes-

thetic injection into the finger or hand is very safe, with no inci-

dence of digital tissue loss recorded in more than 3,000 cases in

the literature.6

Regional blocks useful for reducing finger fractures include

ring block, digital nerve block, and flexor tendon sheath block.

The finger is innervated by four digital nerve branches: two

dorsal and two volar along the radial and ulnar sides of the fin-

ger. The ring block is performed by injecting local anesthetic in

a subcutaneous plane around the base of the proximal phalanx

circumferentially around the finger. Large volumes of dilute

anesthetic may be used; however, the volume should not be so

great as to “balloon” the skin and induce pallor at the site of

injection as well as the distal digit. The needle is inserted just

proximal to the web space on the dorsal surface of the finger

and a small subcutaneous wheal created; the needle is then

advanced toward the palm and 1mL anesthetic injected just

under the skin on the palmar surface to anesthetize the volar

digital nerve. The needle is then withdrawn to the level of the

skin but not removed entirely, rather is redirected toward the

opposite side of the finger, just proximal to the web space, and

a small subcutaneous wheal created. The needle is then with-

drawn completely, inserted through the new wheal created,

and advanced toward the palmar surface where an additional

1mL anesthetic is injected as previously.5,7 Alternatively, a sin-

gle injection to the volar surface at the level of the metacarpo-

phalangeal (MCP) joint with instillation of approximately 5mL

of anesthetic is another accepted technique with good results

and reduction of multiple needle passes (▶ Fig. 24.6).5 Keep in

mind that injuries to the dorsal surface of the proximal phalanx

will likely be inadequately anesthetized with this technique, as

the terminal innervation from either the radial sensory nerve

or dorsal branch of the ulnar nerve will not be blocked.

The common digital nerve is blocked by inserting the needle

at the level of the distal palmar crease, just to one side of the

metacarpal neck. Two milliliters of local anesthetic is injected,

blocking the common digital nerve as it travels toward the fin-

ger. The flexor sheath block is performed by inserting the nee-

dle at the level of the palmar digital crease, in the center of the

long axis of the finger. The needle is inserted until it touches

Fig. 24.5 Small finger PIP joint fracture dislocation.
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the bone, then while slight pressure is put on the syringe

plunger, the needle is withdrawn until the anesthetic begins

flowing easily into the flexor sheath. Two milliliters is injected.

While this technique does provide good pain relief, patients can

experience discomfort from the pressure of the volume in the

closed space of the flexor sheath. Care should be taken to avoid

injecting too much volume into this potential space.5,7

Regional blocks useful for reducing hand and wrist fractures

include wrist block, hematoma block, and Bier block. The wrist

block involves blocking the median, ulnar, and radial nerves at

the level of the wrist, rendering the hand insensate and intrin-

sic muscles paralyzed; it does allow for extrinsic hand muscle

movement. The median nerve is blocked by inserting the nee-

dle on either the ulnar side of the palmaris longus or, alter-

nately, through the flexor carpi radialis at the level of the

proximal wrist crease; it is inserted just until the flexor retinac-

ulum is penetrated, approximately 1 cm deep (▶ Fig. 24.7). After

confirming that the patient is not experiencing paresthesias

from the needle near the median nerve, 5mL of local anesthetic

is injected, and an additional 1mL injected superficial to the

flexor retinaculum to block the superficial palmar branch. The

ulnar nerve is blocked by inserting the needle on the dorsal

ulnar side of the flexor carpi ulnaris (FCU) and injecting 5mL of

anesthetic deep to the FCU and an additional 1mL superficial to

block the dorsal cutaneous branch (▶ Fig. 24.8). The radial nerve

has many superficial branches; these are blocked by injecting 5

to 10mL of local anesthetic in a subcutaneous plane starting at

the level of the radial styloid and proceeding dorsally. The skin

should be pinched and the needle tip inserted and a wheal

injected first prior to advancing; this maneuver protects the

dorsal radial sensory nerve.5,7

A hematoma block is performed by inserting the needle into the

area of the fracture, feeling the needle tip along the fracture frag-

ments until it falls easily into the fracture site. The plunger should

Fig. 24.6 Digital block.

Fig. 24.7 Median nerve block.
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be withdrawn and a flash of blood seen in the syringe, confirming

the location of the needle tip in the fracture hematoma.7 Five to

10mL anesthetic should be infiltrated, proportional to the size and

location of the fracture. A Bier block, or IV regional block, involves

first placing an IV catheter into the dorsum of the hand, followed

by exsanguination of the hand and forearm and inflation of a tour-

niquet. Next, 0.5% lidocaine at 3mg/kg or approximately 30 to

50mL total for an adult is injected via the IV, and the IV subse-

quently removed.7 Historically, the full Bier block involved placing

the tourniquet on the proximal arm to achieve complete upper

extremity anesthesia. However, this involves using a higher dose of

local anesthesia, which can increase the risk of systemic toxicity

when the tourniquet is released at the end of the procedure. The

mini-Bier block technique has thus been developed, which involves

placing the tourniquet on the proximal forearm which allows for

smaller volumes of anesthesia to be used. Upon releasing the tour-

niquet at the end of the procedure, the patient should be coun-

seled to notify the surgeon of any metallic taste in their mouth or

ringing of their ears, as this may indicate a systemic reaction to the

sudden inflow of local anesthetic agent into the circulation. Hemo-

dynamics should be monitored closely throughout this procedure

with continuous telemetry and frequent blood pressure checks.

24.6.1 Reduction

After analgesia has been achieved, reduction is performed. Utiliz-

ing fluoroscopy, if available, can significantly improve the preci-

sion of the reduction. In general, a combination of traction and

apex depression is applied to the fracture fragments to achieve

reduction. Several specialized maneuvers have been described

for specific fracture patterns. For metacarpal neck fractures with

apex–dorsal angulation, the Jahss maneuver is the technique of

choice for closed reduction. This maneuver involves flexing the

MCP and PIP joints to 90 degrees and then applying upward

force through the PIP joint while applying downward force on

the metacarpal shaft to reduce the metacarpal head into an

appropriate alignment with the metacarpal shaft. Rotational

deformity can be reduced by using the finger, flexed at the MCP

joint, as a crank.4 Reduction is confirmed with either fluoroscopy

or plain radiographs in three views to verify satisfactory reduc-

tion in all planes. Soft-tissue integrity and perfusion are ensured

by postreduction examination. Reduction is held while either a

cast or a splint is applied for immobilization.

24.6.2 Immobilization

Once satisfactory reduction has been achieved, the fracture

must be immobilized. Successful bony healing after closed

reduction relies on satisfactory immobilization with appropri-

ate splinting or casting. As with all immobilization of the hand,

either via splinting or casting or via internal fixation, a balance

must be achieved between immobilizing the bone long enough

for bony healing to occur but avoiding prolonged immobiliza-

tion and subsequent stiffness and adhesion formation. Finger

splints for phalangeal fractures can be applied by utilizing

foam-padded malleable metal splinting material and wrapping

the finger with an elastic bandage. The surgeon should avoid

applying too much compression during splinting that could

cause decreased perfusion to the fingertip. For metacarpal frac-

tures of the ring or little fingers, an ulnar gutter splint is

applied, ensuring to include the adjacent stable finger for addi-

tional support. For metacarpal fractures of the index or middle

fingers, a volar or radial gutter splint is applied, again ensuring

to include the adjacent stable finger for additional support. For

multiple fractures, a volar slab splint with the hand placed in

safety position is applied (wrist extension of 30–40 degrees,

MCP flexion 70–90 degrees, IP joints extended). Important

points in splint and cast application are to ensure appropriate

padding of all bony prominences to avoid pressure points and

to always leave all fingertips visible to ensure adequate perfu-

sion. After the splint or cast is applied, final radiographs are

taken to ensure reduction stability.

Fig. 24.8 Ulnar nerve block.
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24.6.3 Surgical Approach

If surgical indication is warranted based on either the charac-

teristics of the fracture or failure of closed reduction or instabil-

ity, reduction and immobilization are performed in the

operating room. As discussed earlier, anesthesia can be

obtained with either general anesthesia or regional anesthesia

with sedation. If general anesthesia is used, local anesthesia

should still be administered for improved postoperative pain

control. A tourniquet is often used to minimize blood loss and

improve visualization of the operative field. The incision chosen

will be largely determined by the location of the fracture and

the type of fixation planned. For closed reduction and percuta-

neous pinning, no incision is made. For plating and screw fixa-

tion, adequate bony exposure is required for fracture fragment

visualization and adequate space to place hardware. For phalan-

geal fractures, a longitudinal incision either in dorsal or midax-

ial lateral plane is often utilized for adequate exposure of bone

with minimal disruption of soft tissue. For dorsal approach, the

extensor mechanism can either be split longitudinally and

repaired at the end of the case, or retracted laterally if possible.

For the midlateral approach, the neurovascular bundle must be

visualized and protected to avoid injury. For metacarpal frac-

tures, the incision is usually placed longitudinally over the dor-

sum of the involved metacarpal. If two sequential metacarpals

are affected, the incision is placed longitudinally between them

to avoid multiple incisions. As with all hand surgery, the sur-

geon should avoid placing the incision on protective surfaces

such as the fingertip, the radial side of the index finger, and the

ulnar side of the small finger or hand.

24.6.4 Type of Fixation

A wide variety of materials and techniques exist for bony fixa-

tion, including Kirschner wires (▶ Fig. 24.9), tension banding

(▶ Fig. 24.10), lag screws (▶ Fig. 24.11), plating (▶ Fig. 24.12),

and external fixation (▶ Fig. 24.13). The type of fixation chosen

may depend on fracture pattern, material availability, and sur-

geon’s preference. Kirschner wires are arguably the most popu-

lar choice for internal fixation in hand fractures given their ease

of insertion and minimal disruption to the soft-tissue envelope.

They are less bulky than plates and screws, and have minimal

Fig. 24.10 Tension banding (a) posteroanterior

and (b) lateral.

Fig. 24.9 Kirschner wires.
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disruption on bone blood supply. However, smooth Kirschner

wires do not provide rigid fixation and do not apply compres-

sion across the fracture. Furthermore, a single Kirschner wire

does not provide rotational stability, requiring that at least two

wires in different places are placed to prevent rotation around

the axis. Tension banding is a technique that builds upon

Kirschner wire placement for enhanced fracture stability and

compression across the fracture line. With this technique, a 26-

gauge stainless steel wire is looped under and around crossed

Kirschner wires in a figure-of-eight fashion and tightened down

to apply compression.3,4

If the fracture fragments are able to be reduced but are

unable to be maintained in appropriate reduction with cast or

splint immobilization, percutaneous Kirschner wire fixation

can be utilized. In addition, closed reduction and percutaneous

pinning may be used when associated soft-tissue injury

requires frequent dressing changes not amenable to cast or

splint immobilization. The fracture is reduced and alignment

Fig. 24.11 Screws.

Fig. 24.12 Plating (a) posteroanterior and (b) lateral.

Fig. 24.13 External fixation.
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verified under fluoroscopy. With one hand, the surgeon holds

the alignment, and with the other advances the Kirschner wire

approximately perpendicularly across fracture line, capturing

the fracture fragments. As discussed earlier, at least two Kirsch-

ner wires are normally required to prevent rotational deformity

of the fracture fragments. Kirschner wires can be placed parallel

to each other or crossed. Due to soft-tissue movement relative

to the underlying bone, the Kirschner wire should first be

advanced through the skin by hand until the sharp point

touches the bone. The wire should then be directed in the

desired angle, and the wire pushed in to gain some purchase in

the bone stock. The drill should then be used for advancing the

wire through the bone. This maneuver helps improve accuracy

of the placement.

Screw fixation achieves rigid stabilization and can apply com-

pression across the fracture by using the lag technique. Screw

fixation can be especially useful in spiral and long oblique frac-

tures. Screws can additionally be counter-sunk to reduce bulk

on the bone surface to prevent interference with tendon glide.

Plate and screw stabilization, like screw fixation, provides rigid

fixation and allows for early motion. Additionally, plates help

maintain bone length. However, plate and screw stabilization

provides minimal interfragmentary compression. Furthermore,

plate placement necessitates wider soft-tissue dissection and

periosteal stripping, disrupting the blood supply to the bone

fragments, and adds more bulk than other methods of fixation

which can contribute to adhesions.

External fixation may be indicated in extensively commin-

uted fractures, especially those with segmental bone loss, sig-

nificant shortening, and associated soft-tissue injury. External

fixation bridges the fracture site, stabilizing the fracture frag-

ments and maintaining bone length, while the callus forms and

the soft tissues heal. A mini-external fixation device may be

applied by placing one transverse pin distal to the fracture, and

one transverse pin proximal to the fracture, both through mid-

axial or dorsolateral incisions. Connecting rods and swivel

clamps are then applied, the fracture reduced, and swivel

clamps tightened to maintain reduction.4

24.7 Surgical Techniques

24.7.1 Distal Phalanx

The distal phalanx is the most commonly fractured bone in the

hand.4 Fractures of the distal phalanx can be divided into three

main categories: tuft fractures, shaft fractures, and epiphyseal

fractures (▶ Fig. 24.14). Tuft fractures are further characterized

into either comminuted or noncomminuted fractures. If open,

they are often associated with nail bed or pulp laceration. If

closed, they can present with a subungual hematoma which

may require drainage. As tuft fractures rarely require internal

fixation, stability should be achieved by careful repair of any

nail bed and pulp injury, followed by application of simple pal-

mar-based finger splint.4 Shaft fractures can present as longitu-

dinal or transverse fractures. Nondisplaced fractures do not

require internal fixation as the surrounding nail plate and soft

tissues provide adequate stability; these should be treated with

splinting.4 Displaced fractures may require internal fixation

with Kirschner wire placement either perpendicular to the frac-

ture orientation in oblique and spiral fractures or crossed in the

case of transverse fractures.4 Displaced fractures have a higher

likelihood of presenting with a concomitant nail bed injury; if

this is the case, the nail matrix should be repaired at the same

time. Fractures of the epiphysis, if associated with avulsion frac-

ture of the terminal extensor tendon, are also known as mallet

fractures (▶ Fig. 24.15). These often occur from a jamming

injury with hyperflexion against a hard surface. If associated

with a nail bed injury, the nail matrix must be repaired. If possi-

ble, the nail plate should be replaced to aid in soft-tissue stabil-

ity. The finger should then be splinted with the DIP in 5 to 10

degrees of extension to minimize the risk of extensor lag.3,4

24.7.2 Middle and Proximal Phalanx

For middle and proximal phalanx fractures, fractures can occur

at the shaft, neck, head, base, or in combination. Shaft fractures

can be transverse, oblique, spiral, or comminuted. Stable, non-

displaced, or minimally displaced fractures can be treated by

reduction and splinting in safety position to prevent collateral

ligament contracture. Spiral and oblique fractures have a higher

propensity to shorten after reduction and splinting when com-

pared with transverse fractures; they therefore require close

follow-up with serial radiographs.3,4 If loss of length or align-

ment occurs, internal fixation is indicated.4 Fractures with

transverse, oblique, or spiral orientations that are not commin-

uted may be treated with Kirschner wire fixation to allow for

early mobility with minimal injury to the soft tissues. Condylar

fractures are inherently unstable and usually require operative

Fig. 24.14 Tuft fracture (a) posteroanterior and (b) lateral.
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fixation with either Kirschner wires or lag screws.4 Fractures of

the base of the middle phalanx warrant special consideration

due to the tendinous and ligamentous attachments. Fractures of

the dorsal base can result in detachment of the central slip

insertion of the extensor mechanism, and often require internal

fixation to prevent boutonniere deformity. Fractures of the lat-

eral base can result in detachment of the collateral ligaments; if

the fracture fragment is significantly displaced, the joint is

likely unstable and requires internal fixation.4 Severely com-

minuted or “pilon” style fractures can be stabilized and reha-

bilitated using dynamic traction. A variety of methods have

been described to allow dynamic traction; however, one of the

simplest involves use of readily available Kirschner wires and

rubber bands.8 Outcomes from even severe intra-articular frac-

tures using this method demonstrate reasonable motion and

stability.9,10

24.7.3 Metacarpal

Metacarpal fractures, such as phalangeal fractures, can occur at

the head, neck, shaft, base, or combination thereof. Metacarpal

head fractures that constitute more than 25% of the articular

surface or have more than 1mm articular step-off require open

reduction and internal fixation, often with screw fixation for

enhanced stability enabling early joint mobilization.4 Metacar-

pal neck fractures, particularly of the ring and small finger, are

very common. Often referred to as boxer’s fractures, these occur

when the ulnar surface of the clenched fist strikes a hard object

(▶ Fig. 24.16). These fractures usually have an apex dorsal con-

figuration due to the pull of the intrinsic musculature and can

exhibit significant angulation.3 Decision for operative manage-

ment is based on the degree of angulation and rotational

deformity. The carpometacarpal (CMC) joints have an increas-

ing degree of flexion, extension, and rotation the more ulnarly

they are located, with up to 20 to 30 degrees of flexion and ex-

tension in the small finger CMC joint.4 The small and ring fin-

gers can therefore compensate for higher degrees of angulation

and rotation in metacarpal neck fractures; up to 30 to 40

degrees of angulation in the ring finger and 50 to 60 degrees in

the small finger are acceptable.4 The index and middle fingers,

conversely, can tolerate very little angulation or rotational

Fig. 24.15 Mallet fracture.

Fig. 24.16 Boxer’s fracture (a) posteroanterior, (b) oblique, and (c) lateral.
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deformity and more often require operative treatment; angula-

tion more than 10 to 15 degrees is unacceptable and requires

reduction and fixation.4 Any rotational deformity that results in

finger scissoring or crossing when fingers are flexed into the

palm requires reduction and immobilization or fixation.

24.7.4 Thumb

For thumb fractures, phalangeal fractures are treated similarly

to finger phalangeal fractures. However, a notable difference is

the ability of the thumb to tolerate greater rotational and angu-

lar deformity than the fingers due to its greater degree of com-

pensatory movement in all planes. Intra-articular fractures,

however, must be treated aggressively with precise reduction

and internal fixation to prevent loss of motion and posttrau-

matic arthritis; this is particularly important in the thumb MCP

and CMC joints due to their high degree of mobility and impor-

tance to overall hand function.4 Closed reduction of the thumb

can usually be accomplished with axial traction, extension, and

pronation of the thumb while applying dorsal pressure to the

fracture site.1

Fracture patterns unique to the thumb include Bennett’s frac-

ture and Rolando’s fracture. Bennett’s fracture occurs when the

thumb metacarpal is axially loaded while partially flexed,

resulting in an articular fracture at the metacarpal base consist-

ing of a single volar ulnar fracture fragment.1,4 The metacarpal

subluxes radially, proximally, and dorsally while the fracture

fragment is held in anatomic position against the trapezium by

the anterior oblique ligament. Closed reduction is attempted by

applying axial traction, palmar abduction, and pronation to the

thumb while applying pressure to the metacarpal base.1 If the

fracture is able to be reduced, and the fracture fragment small,

consisting of less than 20% of the articular surface, fixation can

be performed with percutaneous pinning and immobilization

with a thumb spica cast.4 If the fracture is irreducible, has a

large fracture fragment, or has more than 2mm of articular

step-off despite closed reduction, open reduction and internal

fixation with lag screws is the recommended treatment, again

with postoperative immobilization in a thumb spica cast.4

Rolando’s fracture is a comminuted, intra-articular fracture

of the thumb metacarpal base. This fracture pattern nearly

always requires open reduction and internal fixation to restore

articular congruency.1,4 For minimally comminuted fractures,

anatomic reduction may be achieved with multiple Kirschner

wires or screws or with plate application. However, for highly

comminuted fractures with small fracture fragments, a mini-

external fixation device may be required.

24.7.5 Carpus

Carpal fractures account for 18% of all hand fractures, with the

scaphoid and triquetrum being the most frequently fractured

carpal bones.2 Scaphoid fractures often are associated with a fall

on an outstretched hand and will have tenderness to palpation

in the anatomic snuffbox. Approximately 8 to 20% of scaphoid

fractures are not seen on initial radiographs; if there is a high

clinical suspicion of scaphoid fracture, the patient is placed into

a thumb spica cast and repeat radiographs are performed 10 to

14 days later.2 Most scaphoid fractures can be treated nonoper-

atively with a thumb spica cast for 8 to 12 weeks, until

radiographic union is seen.2 Scaphoid fractures are immobilized

longer than most hand and wrist fractures due to the relatively

poor blood supply to the scaphoid and subsequently relatively

higher incidence of nonunion or malunion. Indications for sur-

gical fixation of scaphoid fractures include more than 1mm dis-

placement, comminution, angulation, carpal instability with

scapholunate angle more than 60 degrees or radiolunate angle

more than 15 degrees, or an open fracture.2 Open reduction

and internal fixation with a headless compression screw ori-

ented along the long angle of the scaphoid is the standard sur-

gical treatment. Fractures of the other carpal bones can

generally be treated with cast immobilization for 4 to 6 weeks,

unless the fracture fragments are displaced or the fracture

pattern is associated with carpal instability.2,11

24.8 Postoperative Care
After surgical fixation is complete, hemostasis achieved, and

the skin closed, a dressing and splint is applied. Postoperative

dressings vary widely due to surgeon’s preference, but generally

an occlusive layer such as petroleum gauze is applied to the

incision site, fluffed gauze is then applied for padding and fluid

absorption, and an appropriate splint is applied to maintain

immobilization of the repaired bone. For Kirschner pins, petro-

leum gauze strips are wrapped around the external pin site,

fluffed gauze applied on top or around the pins for padding and

fluid absorption, and again a splint applied for immobilization.

All fingertips should be visible for monitoring perfusion. The

patient is instructed to keep the splint clean and dry. Pain con-

trol is achieved with infiltration of local anesthetic at the end of

the case, and initiation of oral analgesics such as scheduled

acetaminophen and as needed narcotic medication after the pa-

tient is fully awakened from anesthesia. Patients who have

received regional blocks are advised that they may experience

significant pain after the block wears off, approximately 8 to 12

hours after surgery depending on the type of local anesthetic

used. They are therefore counseled to begin taking their oral

analgesics prior to onset of significant pain.

The dressing will be removed at the first postoperative clinic

visit, usually 3 to 5 days after surgery. At that time, a removable

splint will be applied that should be worn at all times except

when bathing or when working on exercises as directed by

hand therapy. The patient is instructed to gently wash the inci-

sion or pin sites daily with soap and water, and pat dry prior to

reapplying the splint. Radiographs may be taken at the first

postoperative visit to ensure repair stability. Patients are usu-

ally started on hand therapy at the first postoperative visit and

will continue to visit hand therapy for the duration of their

healing. Postoperative visit schedules will vary based on the

fracture and surgeon’s preference, but in general, the patient

will return to clinic every 2 to 3 weeks until clinical and radio-

graphic union is documented.

Clinical union occurs when the fracture has healed with good

stability at rest and with motion, and without pain to palpation

or with motion.3 This usually occurs within 3 to 6 weeks in

hand fractures.3 Radiographic union often lags behind clinical

union by 2 to 4 weeks. Early range of motion is important in

hand fractures to prevent postinjury stiffness and adhesions;

however, motion must not begin too early and jeopardize stable

bony healing. Uninvolved fingers are mobilized immediately
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after treatment. Mobilization of the injured bone depends on

the type of immobilization method chosen. For splint and cast

immobilization, mobility is initiated at the time of clinical

union. For stable fixation with pins, plates, screws, or external

fixators, mobility can begin very early, usually at 3 to 7 days

postoperative.4 Mobility and weight bearing are gradually

increased under the direction of a hand therapist. Patients are

initially not allowed to bear any weight on the injured hand,

but at the time of clinical union are allowed full weight bearing.

Patients may return to work once their pain is adequately con-

trolled, but must adhere to their specific mobility and weight-

bearing restrictions, in addition to keeping their hand splint

clean and dry. If the patient’s job cannot accommodate these

restrictions, they cannot return to work until they have

achieved clinical union.

24.8.1 Hand Therapy

Hand therapy is a key component of successful hand fracture

management and rehabilitation. Hand therapists are specialized

occupational therapists with additional training and certifica-

tion in the management of hand injuries. They help guide the

patient through protected and controlled mobilization to mini-

mize the risk of joint stiffness and soft-tissue adhesions, apply

techniques to minimize soft-tissue edema, and help remodel

restrictive scar tissue. The hand therapist and surgeon work

closely together to maintain an optimum balance of stability

to ensure bony healing and mobility to minimize postinjury

stiffness.

24.9 Outcomes
As discussed earlier, the majority of hand fractures can be

managed nonoperatively. Surgical treatment is reserved for

management of open, irreducible, unstable, or multiple frac-

tures. Although surgery provides benefits of precise reduction

and rigid fixation allowing early movement, it also causes addi-

tional soft-tissue trauma that increases the risk of postinjury

stiffness. Furthermore, appropriate follow-up care including

surveillance radiographs to ensure bony stability and healing,

dressing management to aid soft-tissue healing, and hand ther-

apy for appropriate hand mobility and rehabilitation are critical

to the successful outcome of hand fracture treatment.

24.10 Review Questions

24.10.1 True or False

1. The initial hand exam should be performed prior to

administering local anesthetic.

2. Radiographs should not be taken after fracture reduction

and splinting.

3. Kirschner wires apply compression across the fracture.

24.10.2 Choose the Best Answer

4. A 23-year-old right-hand–dominant man presents with

ulnar-sided right-hand pain after punching a wall. Physical

exam is notable for ecchymosis and edema of the hand as

well as pain to palpation over the small finger metacarpal

head. What image(s) should be ordered to best evaluate this

injury?

a) Ultrasound of the hand.

b) CT of the hand.

c) Three-view radiographs of the hand (AP, lateral, and

oblique).

d) Three-view radiographs of the small finger (AP, lateral,

and oblique).

5. Incisions should be avoided on which of the following

surfaces:

a) Central fingertip.

b) Radial side of the index finger.

c) Ulnar side of the index finger.

d) Ulnar side of the small finger.

e) A, B, and D.

f) A, C, and D.

24.10.3 Answers

1. True.

2. False.

3. False.

4. Three-view radiographs of the hand (AP, lateral, and oblique)

(c).

5. A, B, and D (e).
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25 Soft-Tissue Reconstruction of the Hand and Upper
Extremity
Wendy Lynne Czerwinski and Robert A. Weber

Abstract

This chapter covers the various issues involved in soft-tissue

reconstruction of the hand due to defects from various etiolo-

gies, such as trauma, tumor extirpation, thermal injuries, and

infectious complications. The primary concerns of stable cover-

age, mechanical loading, pliability, sensation, and aesthetics are

individually addressed. Diagnostic options for assessing injuries

are listed and surgical techniques—skin grafts and local,

regional, chest, and free flaps—are reviewed. Three case exam-

ples help illustrate the techniques presented, and seasoned

advice on postoperative care and outcomes is provided.

Keywords: stable coverage, mechanical loading, pliability, sensa-

tion, skin grafts, flaps

25.1 Goals and Objectives
● Help the reader learn the anatomy and functional needs of

the hand that must be considered when planning soft-tissue

reconstruction.
● Identify the important information the reconstructive

surgeon must gather to plan coverage.
● Understand how the nature and site of the defect lends itself

to various reconstructive options.
● Comprehend the surgical technique for some of the more

commonly used reconstructive modalities.
● Know the appropriate postoperative regimen to improve

outcomes for these reconstructive patients.

25.2 Patient Presentation

25.2.1 Hand Soft Tissue and Function

The hand is the most commonly injured part of the body; as

such the surgeon who treats the hand is frequently asked to

reconstruct soft-tissue injuries. Soft-tissue deficits of the hand

arise from a variety of etiologies including trauma, tumor extir-

pation, thermal injuries, and infectious complications. The

resultant defects can range from only localized skin loss to

extensive exposure of tendons, joints, and bone with varying

degrees of involvement of these structures. The goal of treat-

ment is not only to provide soft-tissue coverage but also to

restore optimal function and appearance. A reconstructed hand

that is insensate and does not move is of little benefit to a

patient. Limiting long-term sequelae of scarring and hypersen-

sitivity is a priority. At the same time, patients now have a

heightened awareness of aesthetic outcomes, and this has

been shown to be an important factor in satisfaction of recon-

struction.1,2,3

The hand has three anatomical structures that make recon-

struction a unique challenge. First, the glabrous skin on the

volar surface is thicker and has a higher density of sensory end

organs than does most skin. Second, the vital structures of the

hand are padded by a layer of mechanical fat directly beneath

the skin. This adipose tissue has smaller globules, more fibrous

tissue, and is tethered to its position, thereby absorbing force

and resisting migration. Third, the palmar fascia holds the over-

lying skin and mechanical fat in place with multiple fibrils

which allows the hand to grip firmly and resist shear stress.

Ideal reconstruction of these structures when missing pro-

vides stable coverage, allows mechanical loading, does not

restrict movement, provides protective sensation, and does not

draw visual attention to itself, all with minimal donor-site mor-

bidity (▶Table 25.1). Achieving all these goals can be challeng-

ing; however, attention to the primary treatment effort will

help avoid the need for later complex procedures to treat unsta-

ble wounds, painful function, or scarred coverage. In addition,

the choice of treatment must be practical for the patient and

this will vary based on culture, age, and patient demographics

such as smoking. The same defect presenting in a young female

with high aesthetic goals could be managed differently than in

an older male manual laborer. Technically demanding retro-

grade facial flaps in smokers have higher failure rates and

poorer outcomes. Thus, the reconstructive choices for soft-

tissue defects of the hand and upper extremity must take into

account all of these variables.

From the aforementioned information, the wide range of pos-

sible defects, multiple goals that must be achieved, and numer-

ous patient considerations combine to make standardized

cookbook approaches to hand soft-tissue deficits limited in

their applicability. This chapter aims to provide the reader with

practical options that offer reliable outcomes. The reconstruc-

tions described are a way to address the challenge and demon-

strate the applicability of a specific technique. More important

is to see how the surgical choice addresses the underlying

needs of the hand within the parameters of a particular patient.

Each surgeon will develop his or her own algorithm and tools to

manage their particular patient population.

25.2.2 Evaluation of the Patient

Clinical Presentation

Patients with hand and upper extremity soft-tissue deficits can

present in both an urgent or elective manner based on their eti-

ology. The mechanism of soft-tissue loss should be described as

precisely as possible as it may give information as to the extent

of the deficit and potential reconstructive needs. The history

may include symptoms of pain, loss of extensor or flexor func-

tion, joint or bone instability, and/or sensory disturbance. Ques-

tions should also be answered regarding any previous trauma

or functional deficits, prior radiation, and functional demands

the patient places on the hand.

During the initial evaluation, a surgeon has the advantage of

temporizing care with dressings until formal evaluation of the

defect is made and a reconstructive plan can be agreed upon
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with the patient. The primary means of evaluating the deficit is

by a thorough motor and sensory exam including tissues proxi-

mal and distal to the zone of injury. The exam should note the

surface area of soft-tissue loss as well as the location, paying

particular attention to joint creases that are involved. Depth

and degree of involvement of the glabrous skin, mechanical fat,

and palmar fascia should also be assessed and documented

(▶Table 25.2).

25.3 Preparation for Surgery

25.3.1 Diagnostic Adjuncts

Standard 3 view radiographs are obtained for all patients with

traumatic etiology. These are also used selectively in tumor

extirpation, thermal injuries, and infectious complications as

there may be bone involvement. Other imaging modalities such

as computed tomography, magnetic resonance imaging, and

angiography may be of value in select cases where bone recon-

struction may accompany soft-tissue coverage or free tissue

transfer is being considered. Photographic documentation

of the original and subsequent examinations is helpful for

providing a more objective basis for comparisons over time and

among providers.

In large traumas where significant blood loss was encoun-

tered, a hemogram may be valuable if large immediate recon-

structive efforts are planned. As the time from creation of the

Table 25.1 Demands on the soft tissue of the hand and upper extremity

Stable coverage—the hand sustains shear stress and must

withstand friction. The glabrous skin of the volar hand is

unique in its durability and capacity to adapt

● Split-thickness skin graft—does not withstand shear stress well
● Full-thickness skin graft—handles shear stress well once mature, can even form calluses

on the volar surface
● Local flap—good vs. shear
● Regional skin flap—good vs. shear
● Free flap—good vs. shear

Mechanical loading—when used in grip, the hand must

provide sufficient padding to the underlying structures.

The mechanical fat on the volar hand is very difficult to

replace

● Split-thickness skin graft—does not provide any cushion
● Full-thickness skin graft—does not provide sufficient cushion for the volar surface of the

hand, is adequate for the dorsal hand and entire forearm
● Local flap—very good when it includes the underlying mechanical fat, limited donor

sites on the hand and fingers
● Regional skin flap—can be designed to include fat, but may deform too much with shear

stress
● Free flap—can be designed to include fat, but may deform too much with shear stress

Pliable—tissue on the dorsum of the hand must be able to

stretch when the fingers flex; tissue on the volar surface

must be supple and thin enough to bend to 90 degrees

● Split-thickness skin graft—moderately extensible, very pliable
● Full-thickness skin graft—both extensible and pliable
● Local flap—can stretch, pliability determined by thickness of included fat
● Local flap—can stretch, pliability determined by thickness of included fat
● Free flap—can stretch, pliability determined by thickness of included fat, fascial flap can

be combined with a skin graft

Sensate—the hand is often the first body part to

encounter the environment, so it must be able to detect

sharpness and temperature

● Split-thickness skin graft—does not have sensory end organs
● Full-thickness skin graft—sensory potential dependent on donor site and the presence

of underlying nerves
● Local flap—good sensation if sensory pedicle retained
● Regional skin flap—difficult to achieve sensation
● Free flap—can be designed to include nerves

Aesthetics—color mismatch and contour deformities are

quickly identified

● Split-thickness skin graft—frequently differs in color and leaves a significant contour

depression
● Full-thickness skin graft—can match well if proper donor site chosen but may have a

significant contour depression
● Local flap—ideal color and contour match
● Regional skin flap—can match color well, may be too thick
● Free flap—can match color well, may be too thick

Table 25.2 Components of physical examination of the hand for soft-

tissue coverage

Goal Evaluation

Motor ● Flexor and extensor tendon function including

forearm musculature
● Thenar and hypothenar musculature
● Intrinsic musculature

Sensory ● Median, ulnar, and radial nerve distributions

Range of motion ● Arc of joint rotation:
○ DIP, PIP, MP
○ Wrist, elbow
○ Forearm rotation

● Joint stability

Soft-tissue defect ● Dimension
● Location
● Contamination or presence of foreign body
● Tissue involvement:

○ Skin, subcutaneous, fascia, ligament,

tendon, nerve, vessel, nail

Bone injury ● Angulation/rotational deformity
● Bone fracture or defect
● Supported by radiographs

Abbreviations: DIP, distal interphalangeal; MP, metacarpophalangeal;

PIP, proximal interphalangeal.

Preparation for Surgery

269



defect to planned reconstruction increases, a nutrition workup

including albumin and prealbumin is indicated to ensure the

patient will be able to heal after the surgery.

25.4 Treatment

25.4.1 Anatomic Classification

Understanding the anatomic nature of the defect and its loca-

tion will provide the surgeon the key elements in choosing an

appropriate reconstructive option for soft-tissue coverage of

hand and upper extremity defects. ▶ Table 25.3 describes four

anatomic sites or zones of injury requiring soft-tissue recon-

struction. Alternatives for care for each of these sites are listed

in the right column. The actual reconstruction chosen will

depend on the volar or dorsal nature of the defect as well as the

degree of tissue loss.

Specific Considerations

Secondary Intention

For most skin-only tissue loss, particularly those wounds 1 to

2 cm2 or less and not involving a volar joint crease, allowing the

wound to heal by secondary intention is a good option. The

resultant scar is sufficiently durable for long-term function, and

the contracture pulls normally sensate skin into the area. This is

particularly a useful way to treat volar zone 1 injuries.

The patient is instructed to wash the wound twice a day with

plain soap and water (hydrogen peroxide should be specifically

prohibited as many people habitually use it on open wounds of

the hand). The wound is then dressed with antibiotic ointment

and a nonadherent dressing. Most wounds should close within

2 to 3 weeks.

Skin Grafts

If skin is the only tissue missing, then a skin graft is frequently

the first reconstructive choice. Split thickness (0.012–0.014

inch) grafts are acceptable for dorsal finger and hand defects

that do not cross a joint. An alternative is to harvest these from

the hypothenar area. Some surgeons have begun to place acel-

lular dermal matrices beneath the grafts for improved padding

and durability, particularly for wounds with subcutaneous fat

loss and thin vascularized tissue covering vital structures

(▶ Fig. 25.1). For those wounds missing skin over dorsal joints

and for all volar defects, full-thickness skin grafts are preferred.

The antecubital fossa, medial arm, and groin provide adequate

skin to cover most defects.

An important design note for volar finger defects is that full-

thickness grafts used to cover a volar finger crease should

extend from midlateral line to midlateral line at the crease

(▶ Fig. 25.1). This important step helps decrease the risk of a

flexion contracture due to a longitudinal scar crossing a flexion

crease. Synthetic composite tissues are an alternative.4 These

can be placed to provide coverage and later skin grafted if

needed.

Local Flaps

Cross finger flaps, thenar flaps, etc., are indicated when there is

volar skin plus fat loss in the finger, zone 2. The first dorsal

Fig. 25.1 (a) Grinding abrasion injury of the

dorsal right hand resulting in a 9 × 7 cm soft-

tissue deficit with underlying extensor hood and

disruption of joint capsules. (b) Joint stabilization

and closures, extensor tendon repairs, and

coverage with a synthetic dermal substitute

(Integra).

Table 25.3 Options for soft-tissue reconstruction in the hand and upper

extremity

Zone 1

(DIP joint to fingertip)

● Secondary intention healing

● Split- or full-thickness skin grafts

● Revision amputation with local flap cover

● Volar V-Y Atasoy advancement

● Bilateral V-Y Kutler advancement

● Thenar flap

● Moberg flap

● Neurovascular island flaps (retro- or

antegrade)

● Random chest flapsa

● Toe pulp transfers

Zone 2

(finger from MP to DIP

joint)

● Full-thickness skin grafts

● Composite synthetic dermis and autograft

skina

● Cross finger flaps

● First dorsal metacarpal artery flap (Foucher’s

kite flap)

● Adipofascial turnover flap

Zone 3

(hand from distal wrist

crease to MP joint

crease)

● Full-thickness skin grafts

● Composite synthetic dermis and autograft

● Pedicled groin and abdominal flaps

● Reverse radial forearm flap and adipofascial

variants

● Retrograde PIN flap

● Dorsal ulnar artery perforator flap

● Free tissue transfer (radial forearm, lateral

arm, TPF, ALT)a

Zone 4

(forearm and elbow)

● Skin graft

● Flank flap

● Free tissue transfer

Abbreviations: ALT, anterolateral thigh; DIP, distal interphalangeal; MP,

metacarpophalangeal; PIN, posterior interosseous nerve; TPF,

temporoparietal fascia.
aCase examples.
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metacarpal artery can be used to cover zone 2 defects of the

thumb and select zone 3 injuries. These wounds often have

exposed tendon, neurovascular structure, or bone. Local flaps

offer durable skin and padding and can be placed over avascular

tissue. Their disadvantage lies in the fact that they are insensate

and can produce a noticeable donor-site defect. They are also

limited to smaller, single defects.5

Regional Flaps

For larger soft-tissue defects or multiple separate defects,

regional flaps such as a reverse radial forearm flap or posterior

interosseous flap may be needed.6 Like local flaps, these recon-

structive options provide durable, padded skin which can

be used to cover exposed vital structures. Also, like local flaps,

they are insensate and produce donor-site morbidity. Large

volar areas in zone 3 that have palmar fascia loss can be

reconstructed with these flaps, but the patient will notice the

shifting skin in the palm when shearing forces are applied, so it

is important to inset the skin under slight tension around the

edges.

Chest Flaps

The chest flap is a frequently overlooked but highly useful flap

for the hand (▶ Fig. 25.2, ▶ Fig. 25.3, ▶ Fig. 25.4, ▶ Fig. 25.5). The

chest flap is an ideal choice for the hand with multiple zone 2

defects with exposed structures and in those patients for whom

a regional or free flap is not an option due to anatomic or pa-

tient health factors. Raised as a random pattern skin flap that

can also carry a layer of adipose tissue, chest flaps can be tail-

ored to fit small and large defects (a single flap can provide cir-

cumferential coverage of an entire zone 2 defect), and are often

the best choice when having to reconstruct defects of multiple

Fig. 25.2 (a,b) Traumatic avulsion amputation of the right ring finger with volar and dorsal soft-tissue deficit. (c) Bony avulsion at the level of the distal

interphalangeal joint.

Fig. 25.3 (a–c) Intraoperative images of the contralateral chest flap elevation and attachment.

Fig. 25.4 (a–c) Intraoperative images of the contralateral chest flap division and insetting.
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digits. The abdomen and groin can also be used, but hand place-

ment is more dependent (resulting in significant edema that

must be mobilized for motion) and more awkward.

The choice of donor site is made by placing the hand over the

chest and determining if the elbow and shoulder joints are

more relaxed with the hand at the ipsilateral or contralateral

inframammary crease. The base of the donor site is then placed

in the inframammary crease, thereby making the final scar less

obvious. The length of the flap must be designed to cover the

defect as well as the distance from the defect to the chest wall.

Multiple fingers can be covered by adjacent flaps, but the final

scars become more obvious on the chest wall.

The flaps are elevated with a thin layer of fat, the donor site

partially closed, and the flaps are inset onto the finger or hand.

Additional sutures are placed temporarily securing the hand to

the chest, so the patient does not inadvertently pull the hand

off the chest. A circumferential wrap can be placed around the

chest and arm to further secure the flap.

The flaps are usually small enough to be divided at 3 weeks

without flap loss, but if there is a concern about flap viability,

the pedicle can be partially divided at 1 week. At final division

and inset, the flap can be divided during the wound prep so

that the hand and chest wall can be closed simultaneously.

The donor site can be revised to create a less noticeable

scar, and the flap trimmed to produce less functional inter-

ference.

Free Flaps

Large soft-tissue defects of the hand and forearm with exposed

tendon and/or bone often require free flap coverage

(▶ Fig. 25.5). With the development of improved microsurgery

skills and knowledge of more fasciocutaneous free tissue donor

sites, the original reconstructive option of bulky rectus or latis-

simus muscle and skin graft is now much lower on the surgical

options list. The anterolateral thigh (ALT) flap can provide a

large area of fascia with or without skin, and sensory innerva-

tion can frequently be a part of free flap reconstruction. Simi-

larly, radial forearm free or pedicled variants can also provide a

large area of coverage without bulk. The key to using free flaps

for forearm and hand reconstruction is to minimize bulk.

Muscle flaps will be thinned over time and can be acceptable in

the forearm, but the hand requires more supple restoration.

25.4.2 Case Examples

Case 1—Composite Synthetic Dermis and
Autograft Skin

A 76-year-old man presented to the emergency department

(ED) after sustaining a grinding abrasion injury of the dorsal

right hand resulting in a 9 × 7 cm soft-tissue deficit. He had

underlying extensor hood injuries at and just proximal to the

Fig. 25.5 (a) Radiograph demonstrating level of traumatic injury to the left hand. (b) The patient underwent debridement, placement of an external

fixator, iliac crest bone grafting with internal pin stabilization, and free radial forearm soft-tissue coverage. (c-g) Postoperative aesthetic and functional

outcomes are very good.

Hand and Upper Extremity
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metacarpophalangeal (MP) joints with unstable joints and

disruption of joint capsules. Because of his advanced age and

medical comorbidities, a reconstructive plan that minimized

operative time and systemic stress was outlined.

He underwent joint stabilization and closures, extensor ten-

don repairs, and coverage with a synthetic dermal substitute

(Integra; ▶ Fig. 25.1). Several weeks later, neovascularization of

the dermal graft was achieved; so, we proceeded with a split-

thickness skin graft for final coverage. He had a good outcome

with stable coverage, acceptable range of motion (ROM), and

minimal donor-site deficit.

Case 2—Chest Flap

A 26-year-old man presented to the hand center with an avul-

sion injury to his right ring finger (▶ Fig. 25.2). There was loss

of soft-tissue proximal to the proximal interphalangeal joint

and bone loss through the joint. The patient desired to maintain

length of the digit. He was taken to the procedure room and

local anesthetic was used to infiltrate the left anterior chest and

establish a ring finger digital block. Nonviable tissue was

debrided from the digit and the cartilage cap removed from the

proximal phalanx.

A chest flap was designed along the contralateral inframam-

mary crease and elevated to include skin and subcutaneous tis-

sue (▶ Fig. 25.3). The flap was sutured to the digit and the

patient remained in this position with a supportive sling for the

next 3 weeks. Under local anesthetic, the flap was then divided

and inset and the donor site closed primarily. The patient did

well with stable wound coverage, preservation of length, and

minimal donor deformity (▶ Fig. 25.4).

Case 3—Free Radial Forearm Flap

A 43-year-old right-handed woman sustained a gunshot wound

to the radial border of the left hand. She had skin and subcuta-

neous tissue loss including the dorsal/radial aspect of the wrist

and thumb, the volar radial palm, and the entire thenar muscu-

lature. There was complete destruction of the base of thumb

and first carpometacarpal (CMC) joint.

She underwent a staged reconstruction. Her initial procedure

was a washout, debridement, and thorough assessment of

injury. She then underwent multiple vessel and nerve repairs

with placement of an external fixator. The next stage involved

reconstruction of the base of thumb and first CMC joint with

placement of an iliac crest cortical/cancellous block and rolled

abductor pollicis longus tendon interposition. Coverage of the

soft-tissue defect was achieved with a neurotized contralateral

radial forearm free flap incorporating the cephalic vein for out-

flow (▶ Fig. 25.5). She has a very good functional and aesthetic

result with acceptable donor-site morbidity.

25.5 Postoperative Care
Postoperative care for hand and upper extremity patients is crit-

ical to the successful outcome of their reconstruction. Intraopera-

tive splinting is done with plaster which is converted to

thermoplastic alternatives by our occupational hand therapy (OT)

colleagues at first follow-up. The splints maintain safe joint posi-

tion and protect healing bone, tendon, and ligamentous injuries.

Care is taken to avoid any pressure points over flaps or grafts. OT

plays a pivotal role in the rehabilitation of these patients. The

preference in our practice is to maintain the intraoperative dress-

ing until the patient’s first follow-up visit, up to 2 weeks. This

avoids patient manipulation of their wounds and splints. This has

not led to any increase in wound healing complications.

For grafting procedures, patients are typically evaluated at 1

week postoperative to assess graft take and to start local wound

care and begin ROM if not otherwise contraindicated. Local flap

reconstruction follow-up is normally at 2 weeks to permit

wound evaluation and suture removal simultaneously.

For regional and distant pedicle flaps, patients are evaluated

for their wounds at 1 week, but division and flap inset are nor-

mally planned at about 3 weeks after the initial operation. Free

tissue transfer patients remain in hospital from 3 to 5 days

depending on the severity of the injury, patient health, and flap

progress. These patients are routinely maintained on an 81mg

aspirin, kept in warm environments, and not permitted to use

nicotine products.

Hand therapy will vary widely in this patient population

dependent on the nature of the defect.

25.5.1 Outcomes

Due to the diverse etiologies and treatment strategies for soft-

tissue reconstruction of the hand, well-conducted comparative

outcome studies are virtually nonexistent. There are, however,

some case series evaluating and advocating various surgical

strategies such as healing by secondary intension, toe pulp

transfer for digit coverage, thinned ALT flaps, and synthetic sub-

stitutes.7,8,9,10,11,12,13,14,15 Prospective comparative studies are

needed. Due to the wide variety and small numbers treated in

single institutions, multicenter cooperation is necessary.

As noted at the beginning, the variety of soft-tissue deficit

etiologies, coupled with multiple anatomic and functional

needs, makes strict algorithm-based treatment paradigms diffi-

cult. The focus needs to remain on stable reconstruction, func-

tional rehabilitation, and sensitivity to aesthetics tailored to

each individual’s circumstances. The surgeon operating on the

hand should be comfortable with a wide range of reconstruc-

tive techniques that can be employed, choosing the simplest

approach to attain the patient’s goals.

25.6 Review Questions

25.6.1 Fill in the Correct Answer

1. A 30-year-old man is seen in the ED with a 1 × 2 cm abrasion

injury over the dorsum of the left long finger. There is

complete loss of the skin; the extensor tendon is not

exposed. What reconstructive option would you offer this

patient?

2. A 15-year-old girl has a full-thickness electrical burn to the

volar surface of her right index finger. What structures are

likely to be exposed after debridement? What would you use

to reconstruct the finger if the flexor tendon and radial

neurovascular bundle are exposed?

3. A 42-year-old man is transferred to your clinic 2 days after

an avulsion injury with near circumferential avulsion injury

of the right long, ring, and little finger tips. He has 12mm of
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exposed distal phalanx with no fracture. What would be this

patient’s best reconstructive option?

4. You are asked to see a 71-year-old woman with multiple

medical comorbidities who developed a 3 × 5 cm full-

thickness defect over the dorsum of her hand from a

hematoma she sustained during a fall. What reconstructive

option is safest for her? If she has exposed extensor tendons,

would that change your plan?

5. A 53-year-old man presents with a 6×4cm wound of the

dorsoradial left hand with exposed thumb CMC joint, extensor

tendons, metacarpal, MP joint, and index CMC joint after

resection of a benign tumor. The dorsal branch of the radial

artery is intact. How would you reconstruct this defect?

6. Assuming you chose a reverse radial forearm flap, as you

clamp the proximal radial artery having completely dissected

out the flap, you notice the skin paddle turns blue with no

bleeding. How would you proceed?

25.6.2 Answers

1. FTSG, secondary intention is likely to result in a scar

contracture.

2. Cross finger flap, FTSG will not provide coverage of the

tendon and nerve.

3. Chest flaps to the finger tips; this allows for the maintenance

of useful length. Three amputations would produce

significantly decreased function of the hand.

4. Her safest option is a synthetic dermal substitute and wound

vacuum-assisted closure with skin grafting once she has

formed sufficient granulation tissue. This is suitable for

exposed tendons as most patients are able to regain

sufficient tendon gliding to allow adequate hand function.

5. Reverse or free radial forearm flap.

6. Examine the radial artery. If reverse flow can be established,

continue with the flap. Otherwise, use the flap as a free flap

once suitable recipient vessels can be found.
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26 Tendon Repair
Brian D. Rinker

Abstract

This chapter covers the range of issues involved in the remedia-

tion of tendon injuries. The advances that have been made in

tendon repair and rehabilitation are discussed in detail. The five

zones of the flexor system are delineated for the purpose of

diagnosis and treatment. Surgical techniques for repair of rou-

tine tendon lacerations in each zone are reviewed and recom-

mendations made regarding proper anesthesia (general,

regional), incisions, and antibiotic regimens. The chapter con-

cludes with information pertinent to postoperative care and

possible outcomes.

Keywords: flexor tendon, extensor tendon, bowstringing, Brun-

ner incision, epitendinous suture

26.1 Goals and Objectives
● Understand the proper clinical evaluation of patients with

tendon injuries.
● Understand the technical aspects of tendon repair and the

physiologic basis for effective tendon repair techniques.
● Appreciate the key role of postoperative rehabilitation in the

recovery of function following tendon repair.
● Know the common adverse outcomes following tendon repair

and the evidence-based perioperative care to maximize

patient safety and quality.

26.2 Patient Presentation
Tendon injuries pose a formidable challenge to the reconstruc-

tive surgeon. The natural responses of the body to injury,

inflammation, edema, and scar formation are detrimental to

tendon excursion and limit the degree of function that can be

regained after tendon repair. However, repair techniques have

been developed to restore tendon continuity and preserve ten-

don glide. Likewise, rehabilitation strategies have focused on

limiting edema and preventing adhesion formation through

early motion. Tendon injuries are still often devastating to

patients and challenging to surgeons, but with modern tech-

niques, an acceptable return of function can be anticipated in

the majority of cases.

The patient with a tendon injury will present with loss of

flexor or extensor function. However, the deficit may be subtle

and may escape the notice of the patient, especially in the set-

ting of multiple or complex injuries. A careful assessment of

tendon function should be performed in every patient with a

laceration through the skin in the forearm, wrist, or hand. Ten-

don injuries can occur in the absence of a laceration, as well.

Patients with traumatic or attritional tendon ruptures may

present with pain, ecchymosis, sudden loss of function, and

tenderness at the rupture site, usually at the tendon insertion

or the musculotendinous junction.

26.2.1 Flexor Tendon Injuries

The flexor system has been divided into five zones for the pur-

pose of diagnosis and treatment (▶ Fig. 26.1).1,2 Zones 1 and 2

are characterized by the presence of the fibro-osseus digital

sheath and a flattened layer of fibroblasts on the surface of the

tendons, termed the “epitenon,” which must be restored in

order for tendon repair to be successful. The pulley system of

the flexor tendon sheath consists of thick annular pulleys which

provide a gliding surface for the tendon and resist palmar trans-

lation, and cruciform pulleys which are collapsible, allowing

digital flexion to occur without buckling of the tendon sheath

(▶ Fig. 26.2). The A2 and A4 annular pulleys, which arise from

the proximal and middle phalanges, respectively, are the key

pulleys which must be preserved or restored in tendon repair

to prevent tendon “bowstringing.”3

On inspection, the patient with a flexor tendon injury may

have a loss of the normal finger cascade. A digit will display loss

of active distal interphalangeal (DIP) and proximal interphalan-

geal (PIP) joint flexion if the flexor digitorum superficialis (FDS)

and flexor digitorum profundus (FDP) tendons are both divided,

or loss of only DIP flexion if the FDP alone has been divided. As

only the FDP tendon traverses the DIP joint, the FDP function

can be assessed by asking the patient to actively flex the DIP

joint of the affected finger. The FDS function is tested by hold-

ing the DIP joints of the adjacent fingers in extension, stabiliz-

ing the proximal phalanx of the affected finger to eliminate

intrinsic muscle action, and asking the patient to flex the PIP

joint of the affected finger. This takes advantage of the fact that

the FDP tendons to the long, ring, and small fingers share a

common muscle belly and function as a single unit. As the FDP

to the index finger is usually an independent musculotendinous

unit, this test is unreliable for the index finger. Additionally, the

FDS to the small finger may be dependent on the FDS to the ring

finger, or it may be absent altogether.4 Weakness, pain, or

triggering of the digit may be indicative of a partial tendon

laceration.

Patients with flexor tendon injuries in the digits or palm

should be carefully examined for concomitant injuries of the

arteries and nerves due to the close anatomic relationship

between the digital bundles and flexor tendon sheath.

26.2.2 Extensor Tendon Injuries

Extensor tendon injuries should be suspected with any lacera-

tion of the extensor surface. Extensor tendon injuries are cate-

gorized into eight zones, with odd zones corresponding to

injuries occurring over joints and even zones referring to inju-

ries occurring between joints (▶ Fig. 26.3). Due to the vulner-

able superficial location of the extensor tendons, they are

injured more commonly than flexor tendons,5 and functional

deficits may be subtle due to the numerous interconnections

between the extensor tendons. Injuries in zones 1 and 2 present

with extensor lag and inability to extend at the DIP joint. In

275



Fig. 26.1 Zones of flexor tendon repair.

Fig. 26.2 Digital pulley system.
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zones 3 and 4, the extensor mechanism is broad and flat and

covers up to three-fourths of the surface area of the phalanx;

therefore, partial injuries are common. Patients may not

present with extensor lag at the PIP joint, even with complete

rupture or severance of the central slip, due to the action of the

lateral bands (▶ Fig. 26.4). A subtle extensor lag may be

detected by examining the PIP extension with the wrist and

metacarpophalangeal (MP) joints in full flexion. Tendon lacera-

tions in zones 5 and 6 are common, and may result in minimal

MP extensor lag due to the presence of the juncturae tendinum.

However, its effects can be eliminated by holding all of the MP

joints in flexion and having the patient individually extend the

proximal phalanx of the affected digit. Lacerations in zones 7

and 8 are often multiple due to the close relationship of the ten-

dons at the extensor retinaculum, and present with inability to

extend one or more digits. In small children or patients who are

unable to cooperate with the exam, a passive wrist tenodesis

test may be helpful.

26.3 Preparation for Surgery
The diagnosis of flexor tendon injuries can usually be made on

the basis of physical examination alone. However, radiologic

studies can be helpful in many cases. For example, extensor ten-

don ruptures in the digits are often associated with avulsive

fractures which are best visualized on lateral radiographs. Rou-

tine radiographs should also be obtained for sharp tendon lac-

erations in the digits or hand, as there may be concomitant

fractures or radiopaque foreign bodies. Although not generally

necessary, ultrasonography can be used to diagnose flexor ten-

don ruptures or lacerations in questionable cases, or to deter-

mine the level of proximal tendon stump retraction.6,7 This is

particularly important where there has been a delay between

injury and presentation, and the degree of retraction will deter-

mine the necessary treatment. Laboratory tests are not neces-

sary on a routine basis, but are dictated by the presence of

comorbidities or concomitant injuries.

Several authors have stressed the importance of early pri-

mary repair of flexor tendons; however, the repair need not be

done immediately after injury unless there is a vascular injury

requiring emergency revascularization.8,9,10,11 Routine tendon

lacerations can be treated acutely with wound irrigation and

closure in the emergency department, with application of a

forearm-based resting splint to prevent motion and tendon

retraction. Flexor tendons should be repaired within 5 to 7 days

following injury to avoid myostatic retraction of the musculo-

tendinous unit which may preclude a primary repair. Extensor

tendons, with the exception of the extensor pollicis longus ten-

don, do not retract significantly after laceration, and the timing

of repair can safely be delayed up to 14 days, if necessary. How-

ever, there are little objective data evaluating the effect of tim-

ing on outcomes in tendon repair.

26.4 Treatment
Surgical exploration and repair are indicated for all patients

with a diagnosis of an acute tendon laceration, with the

exception of patients whose medical conditions or life-

threatening injuries render the risk of surgery unacceptably

high. Tendon repair surgery can be performed under general

or regional anesthesia, as dictated by patient and surgeon

preference. Recently, there has been an increased interest in

wide-awake flexor tendon repair, with local infiltration of

lidocaine with epinephrine. This technique allows the pa-

tient to follow commands, so that active tendon glide can be

assessed on the table immediately following the repair.12,13

However, the technique may not be appropriate for patients

with a nervous temperament or who have difficulty lying

still for extended periods.

Prophylactic antibiotics, usually consisting of a first-genera-

tion cephalosporin, are administered prior to tourniquet eleva-

tion. The upper arm tourniquet is used to provide a bloodless

surgical field. The wounds are irrigated and any devitalized

tissue is excised. Flexor tendons are exposed through zigzag

(Bruner’s) incisions on the volar digits, or through extensions of

the laceration along the midlateral line (Bunnell’s incisions;

▶ Fig. 26.5).14,15 Flaps should be elevated in as deep a plane as

possible to avoid devitalizing the skin, but care must be taken to

Fig. 26.3 Zones of extensor tendon repair.
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identify and protect the digital arteries and nerves. Extensor

tendons are exposed through curvilinear extensions of the lacer-

ations, avoiding incisions over the apex of joints when possible.

26.4.1 Flexor Tendon Repair—Zone 1

In zone 1, only the FDP tendon is present. The proximal end of

the tendon is often held by a vinculum and readily visualized

beneath the sheath. If so, it is grasped gently by the epitenon with

forceps, retrieved into the wound, and held in place with a hypo-

dermic needle passed through the skin. Occasionally, the tendon

retracts into the proximal finger or palm. If so, the Bruner’s inci-

sions must be extended proximally until the tendon is visualized.

A small opening is made in the tendon sheath to access the prox-

imal cut end of the tendon. It can be sutured to a fine pediatric

feeding tube, which is used to draw the tendon distally through

the fibro-osseous sheath to the repair site (▶Fig. 26.6). Blindly

instrumenting or otherwise traumatizing the tendons and sheath

must be avoided. Any frayed tendon ends are sharply debrided

with a scalpel using a tongue depressor as a “cutting board.”

Excessive trimming must be avoided, as shortening a lacerated

FDP tendon by more than 1cm may result in a “quadrigia” effect

on the intact FDP tendons, limiting their excursion.

The distal cut end of the tendon is assessed. If 1 cm or more

of tendon remains, repair by primary suture can be performed,

similar to treatment in zone 2. If less than 1 cm of distal tendon

remains, the proximal cut tendon must be reattached directly

to the distal phalanx. The insertion site is prepared by elevating

a distally based flap of periosteum and residual tendon and

roughening the volar cortex with a rongeur. In the traditional

method for reinserting an FDP tendon to the distal phalanx, a

core suture is placed in the tendon and used to secure it to the

insertion site. The free ends of the suture are passed either

around the distal phalanx or through a drill hole in the distal

Fig. 26.4 Extensor tendon anatomy.

Fig. 26.5 Common incisions for exposure of flexor tendon injuries.
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phalanx and secured over the fingernail with a button. Alterna-

tively, one or two miniature suture anchors can be used to

secure the tendon to the phalanx (▶ Fig. 26.7). Both techniques

have been shown to provide equivalent repair strength, suffi-

cient to allow early motion.16

Distal tendon ruptures are managed in a similar fashion as

lacerations. If a small avulsive bone fragment is present, it can

be excised to facilitate tendon repair. If the fragment is large, it

should be secured to the distal phalanx with a small lag screw

or Kirschner wire.

Fig. 26.6 (a) A 35-year-old man 2 weeks following knife injury to the left small finger with loss of active DIP flexion. (b) Planned incisions for exposure

of the tendon sheath. (c) Exposure showing an intact FDS tendon and a zone 1 laceration of the FDP tendon. The proximal FDP had retracted and was

retrieved through a carpal tunnel incision. (d) A pediatric feeding tube was used to pass the tendon down the tendon sheath. (e) Following tendon

repair distal to the A4 pulley. (f) Immediate postoperative appearance.

Fig. 26.7 Zone 1 flexor tendon repair techniques.
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26.4.2 Flexor Tendon Repair—Zone 2

The challenges inherent to zone 2 flexor tendon repair stem

from the need to preserve differential gliding of two flexor ten-

dons within a tight fibro-osseous sheath. The wounds are

extended proximally and distally as needed to expose the ten-

don ends and to permit repair (▶ Fig. 26.5). Knowledge of the

mechanism of injury can determine whether to extend the lac-

eration proximally or distally. If the finger was lacerated while

in a flexed position, as when grasping a knife blade, the distal

end of the tendon will likely be found distal to the skin lacera-

tion. The distal end of a tendon cut while the digit was

extended will be found close to the skin laceration.

If the cut tendon ends are visible, they can be gently grasped

with a forceps or hemostat by the epineurium and retrieved. If

not, flexing the wrist and MP joints while gently “milking” the

tendon sheath from proximal to distal will often deliver the cut

proximal ends into the wound. If this maneuver fails, the ten-

don sheath should not be instrumented blindly, but rather

opened proximally to retrieve the tendons. Occasionally, an FDS

tendon will retract to the carpal tunnel level, but the FDP ten-

dons are prevented from migrating proximally by the lumbrical

muscle. The tendon can then be passed down the sheath with a

feeding tube as described earlier. The tendon sheath should be

preserved as much as possible, but the pulleys may need to be

opened slightly to access the tendon for repair and to permit

gliding. An annular pulley can be cut in a stepwise fashion and

repaired as a Z-plasty to increase the volume in the sheath to

accommodate the repair site (▶ Fig. 26.8).

Repair techniques vary greatly among surgeons but are

guided by some basic underlying principles. The tendons are

generally repaired with core sutures consisting of 3–0 or 4–0

polypropylene or nylon. A number of techniques have been

described for the application of core sutures (▶ Fig. 26.9), but

Fig. 26.8 Stepwise division and closure of annular pulley to

accommodate repair.

Fig. 26.9 Common flexor tendon repair techniques.
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studies have shown that a four-strand repair (such as the

Becker, modified Savage, or Strickland’s repair) or greater pro-

vides enough early repair strength to permit early motion reha-

bilitation protocols.17,18 The author’s preference is to use the

Strickland’s four-core repair with 4–0 polypropylene followed

by a 6–0 polypropylene running epitendinous suture.

The FDS tendon is repaired first. Near its insertion, where the

tendon divides and flattens, it can be approximated with one

figure-of-eight or horizontal mattress suture in each tendon

slip, followed by a 6–0 running epitendinous suture. FDS tendon

lacerations which are proximal to the insertion and FDP ten-

dons are then repaired (▶ Fig. 26.10). Core sutures should be

placed 7 to 10mm from the tendon ends and in the volar two-

thirds of the tendon, in order to prevent injury to the longitudi-

nal vascularity of the tendon. The epitendinous suture can be

placed in a simple running or locking fashion and has been

shown to augment repair strength by resisting gap formation

on cyclic loading (▶ Fig. 26.11).19,20 Closure of the tendon

sheath is not necessary and may constrict the repair site. The

sheath may be judiciously opened to allow the tendon repair

site to glide freely throughout the range of digital motion. If the

tendon sheath is too tight to accommodate repair of both ten-

dons, as is commonly seen in the small finger, one slip of FDS

may be excised.

26.4.3 Flexor Tendon Repair—Zones 3
to 5

The principles of flexor tendon repair in zones 3 to 5 are the

same as for zone 2. In general, lacerations in these zones have a

better prognosis than those in zone 2, due to the lack of a fibro-

osseous tunnel and more space to accommodate the repair.

Tendon lacerations in zone 4 should be exposed by dividing the

transverse carpal ligament. The superficial palmar arch and

Fig. 26.10 (a) An 18-year-old man 5 days after a knife laceration to the left hand. Note the loss of the normal digital cascade. (b) Exposure revealing

zone 2 lacerations of the FDS and FDP tendons in all three digits. (c) Tendons are retrieved and held in place with a 25-gauge hypodermic needle. The

FDS tendon is repaired. (d) Core sutures are placed in the FDP tendon. (e) A running epitendinous suture completes the repair. (f) Appearance

following completion of all six repairs.

Fig. 26.11 Epitendinous suture techniques.

Principles of Successful Zone 2 Flexor
Tendon Repair

● Extensile exposure.

● Adequate lighting and magnification.

● Atraumatic handling of tendons and sheath.

● Use at least a four-core suture technique (with 3–0 or 4–0

suture).

● Avoid bulky repair.

● Running circumferential epitendinous suture to resist

gapping and add strength.

● Repair the sheath only if it improves tendon glide.
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median nerve should be carefully assessed due to a high inci-

dence of concomitant injuries to these structures. Multiple ten-

don injuries are common in zone 5, due to their close

proximity. Matching the proximal and distal cut ends can be

challenging and is assisted by clues such as the size, shape, and

fiber configuration of the tendon, as well as the geometry of the

laceration (transverse, oblique, stepwise, etc.). Lacerations close

to the musculotendinous junction result in retraction of the

proximal tendon into the muscle belly, but with gentle dissec-

tion into the muscle, they can be readily identified and

retrieved.

26.4.4 Extensor Tendon Repair—Zones 1
and 2

Sharp lacerations of the terminal extensor tendon can be

repaired with direct suture if there is sufficient distal tendon

substance. The laceration is extended proximally and distally

and the tendon is repaired with one or two 4–0 nylon or poly-

propylene sutures in a figure-of-eight fashion. Alternatively, a

primary tenodermodesis may be performed, where the skin

and tendon are repaired with one running layer of a 4–0 mono-

filament suture. A Kirschner wire can be placed to hold the DIP

in extension and protect the repair (▶ Fig. 26.12). Lacerations

close to the terminal insertion are best treated by reinserting

the terminal tendon to the bone, either via a drill hole or suture

anchor. Care must be taken to protect the germinal nail matrix,

which lies just distal to the terminal extensor insertion.

The terminal tendon is frequently disrupted in a closed

hyperflexion injury (mallet finger), which can involve the ten-

don alone or may include an avulsion fracture from the distal

phalanx. Pure avulsions and avulsions involving a small bone

fragment are best treated with closed extension splinting for 6

to 8 weeks, followed by passive range-of-motion and blocking

exercises. When nonoperative management fails, a secondary

tenodermodesis procedure may be effective.21 Avulsions with

larger bone fragments, involving more than 30% of the articular

surface, are often associated with volar subluxation of the DIP

joint, and require operative fixation. This can be accomplished

by passing a stainless steel wire through the terminal tendon,

bone fragment, and distal phalanx to the volar pad of the finger,

where it is secured over a button. Alternatively, large avulsion

fragments can be fixated with Kirschner wires or interfragmen-

tary lag screws.

26.4.5 Extensor Tendon Repair—Zones 3
and 4

Open tendon lacerations in zones 3 and 4 can be repaired with

4–0 monofilament sutures placed in a figure-of-eight or modi-

fied Kessler fashion, followed by a running superficial “cross-

stitch” of 6–0 polypropylene (▶ Fig. 26.13). Care should be

taken to bury the knots, as the soft-tissue coverage in this area

is limited and sutures may become palpable or extrude. The

central slip and lateral bands should be repaired separately.

Due to the limited excursion of extensor tendons, the cut ends

of the tendon must not be excessively trimmed or overlapped

during repair. As little as 2mm of shortening or overlap could

lead to a marked PIP flexion lag. Sharp lacerations of the cen-

tral slip at the insertion site at the base of the middle pha-

lanx should be managed by securing the tendon to the bone

via a suture passed through a transverse osseous tunnel or

with a suture anchor. Closed avulsion injuries of the central

slip can be managed by splinting the PIP joint in extension

for 6 weeks.

Fig. 26.12 Repair of zone 1 extensor tendon injury by

tenodermodesis. Fig. 26.13 Zone IV partial extensor laceration repair.
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26.4.6 Extensor Tendon Repair—Zones 5
to 8

For zones 5 and 6 injuries, skin lacerations should be extended

proximally and distally in a curvilinear fashion to allow access

to the cut tendon ends. These are gently grasped by the edges

with forceps, and the epitenon is trimmed away with fine scis-

sors. Minimal, if any, shortening should be performed. The ten-

dons are repaired with 4–0 monofilament sutures placed in a

figure-of-eight or modified Kessler fashion, followed by a run-

ning cross-stitch of 6–0 polypropylene for additional strength

and to reduce resistance of gliding.

For zone 7 injuries, it may be necessary to elevate the exten-

sor retinaculum to access the tendons for repair. The retinacu-

lum can be incised in a stepwise fashion, incorporating a

modified Z-plasty into the retinacular repair. Tendons in zones

7 and 8 are rounder in cross-section than in the digits, and can

accommodate core sutures. They should be repaired with 4–0

monofilament sutures placed in a modified Kessler or figure-of-

eight fashion. Zone 8 injuries are usually multiple and identifi-

cation of the tendons can be challenging. To avoid the repetitive

identification of tendon ends, a 4–0 monofilament suture can

be placed through each cut tendon end as it is identified and

held by a labeled hemostat. After all tendons have been labeled,

they can be easily matched up and repaired.22

26.5 Postoperative Care
The tourniquet is lowered and hemostasis is obtained. The skin

is closed with 4–0 nylon sutures, and a nonadherent dressing is

applied. A small piece of a saline-moistened and wrung-out

gauze sponge can be applied directly over the suture line. It will

draw any blood away from the wound and prevent the dressing

from sticking painfully to the sutures when removed, without

causing the skin maceration associated with petroleum-

impregnated dressings.

26.5.1 Flexor Tendon Repair

Postoperative splints are designed with attention to protecting

vulnerable structures while allowing uninjured parts to move.

Following flexor tendon repair, a well-padded, forearm-based,

dorsal-blocking splint is applied with the wrist in 10 to 20

degrees of flexion, the MP joints at 60 to 70 degrees of flexion,

and the IP joints in slight flexion. For any flexor tendon repair

in the index, long, ring, or small fingers, all four fingers should

be included to counteract the effect of the common FDP muscle

belly. For repairs of the flexor pollicis longus tendon, a thumb

spica splint can be fashioned with the other digits free.

The importance of postoperative rehabilitation in flexor ten-

don repair cannot be overstated. Immediately following sur-

gery, the repair strength is due to the sutures alone. The

strength decreases during the inflammatory phase of healing in

the first postoperative week, and then begins to slowly increase.

During this period, repairs cannot tolerate unprotected motion.

However, early postrepair motion stress has been shown to

improve tensile strength, limit adhesion formation, and

improve tendon excursion.23,24 Thus, numerous rehabilitation

strategies have been devised to allow motion stress while pro-

tecting the repair (▶ Fig. 26.14). Several randomized controlled

studies have compared these strategies, without clearly identi-

fying one as superior.25,26

The Strickland modification of the passive motion regime of

Duran and Houser is a controlled passive finger flexion proto-

col, which is simpler and less patient dependent than methods

involving rubber band traction. On postoperative day 3, the

operative splint is removed and an orthoplast dorsal blocking

splint is applied. The splint is worn at all times, and the passive

motion regime is initiated, which consists of 15 repetitions of

passive flexion and extension of the PIP, then the DIP, and then

the entire digit. The patient performs these exercises every 2

hours, during the waking hours of the day. At 3 weeks postope-

rative, the dorsal blocking splint is replaced with a volar wrist

cock-up splint, and the wrist is progressively extended to neu-

tral. Place and hold exercises are initiated. At 5 to 6 weeks,

active flexion in the splint is allowed. At 8 weeks, active flexion

out of the splint is allowed and strengthening is begun. Full

activity is resumed at 12 weeks.

During the postoperative period, the patient should be seen

frequently by the surgeon and there must be open lines of com-

munication among surgeon, patient, and therapist. The protocol

can be adjusted as needed to accommodate differential rates of

healing and patient compliance.

26.5.2 Extensor Tendon Repair

For extensor tendon repairs in zones 1 and 2, a DIP extension

splint is placed at the time of surgery which is worn

Fig. 26.14 Methods of early mobility following

flexor tendon repair. (a) Kleinert’s method.

(b) Duran and Houser’s passive motion method.
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continuously for 6 weeks, following which it is worn at night

for an additional 2 to 4 weeks. At 6 weeks postoperative, active

range-of-motion exercises are begun, progressing to full use at

12 weeks. For zones 3 and 4 repairs, the PIP is splinted in full

extension for 5 to 6 weeks. If the lateral bands were repaired,

the DIP should also be splinted; otherwise, it is allowed to

move. At 6 weeks, active range-of-motion exercises and night-

only splinting are initiated, progressing to resisted exercises at

8 weeks. For zones 5 and 6 repairs, a forearm-based splint is

applied at surgery with the wrist in 30 degrees of extension,

the MP joints in 20 degrees of flexion, and the IP joints straight.

Early active motion is preferable, unless there is a fracture or

complex injury which prevents it. Passive range of motion is

begun at 1 week, progressing to active motion at 4 weeks, and

resisted extension exercises at 8 weeks.

An effective alternative to static splinting and early range of

motion involves dynamic splinting (▶ Fig. 26.15). Beginning at

days 3 to 5 after surgery, a dorsal outrigger splint is applied for

daytime use which maintains the affected digit or digits in ex-

tension with rubber band traction. Excursion of the repaired

tendon is achieved by active flexion and passive extension,

which is performed 15 times per hour. A resting splint is worn

at night. The MP flexion is gradually increased over the first 6

weeks, after which the splint is discontinued and resisted ex-

tension exercises and grip strengthening is begun. Dynamic ex-

tension has been shown to be effective for extensor tendon

repairs in zones 3 through 7, but the technique requires a moti-

vated and compliant patient.27,28,29

26.6 Outcomes
Common complications following tendon repair include adhe-

sion formation, tendon rupture, and joint stiffness. The inci-

dence of tendon rupture following zone 2 flexor tendon repair

ranges from 3 to 9%.8,30 Rupture occurs most commonly in the

first or second weeks following repair, when the repair strength

is low and the friction coefficient within the tendon sheath is

high due to edema. The rupture commonly occurs during a

therapy session and may be accompanied by a “popping” sensa-

tion or sound. Prompt recognition and repair result in the best

outcomes and avoid the need for delayed tendon reconstruc-

tion. Other complications include the “quadrigia effect” from

excessive shortening of the FDP tendon, or reduced range of

motion from tendon adhesions. When the loss of motion is due

to adhesion formation, the measured passive range of motion

will exceed the active range of motion. A patient who is at least

3 months after tendon repair and whose progress has stalled

despite adequate range-of-motion therapy may be a candidate

for operative tenolysis. However, therapy must be undertaken

immediately following surgery if the tenolysis is to be effec-

tive.31 Numerous mechanical and chemical methods of reduc-

ing adhesions have been devised, but none of them has found

clinical utility.32

The most common method for assessing postoperative out-

comes in flexor tendon repair is the Strickland method which

adds the range of motion of the DIP and PIP joints. Motion of

more than 85 degrees is considered an “excellent” result.33 The

American Society for Surgery of the Hand endorses the total

active motion (TAM) method, by which the extension deficits in

the MP, PIP, and DIP joints are added and then subtracted from

the total flexion. The outcomes of flexor tendon repair vary

greatly and are affected by age, extent of injury, timing of repair,

and especially, compliance with the postoperative rehabilitation

regime. When early mobilization is performed in a motivated

patient, return to 90% of normal grip strength, pinch, and range

of motion can be achieved.34

Results following extensor tendon repair are largely depend-

ent on associated injuries with worse results expected where

there are concomitant fractures. A retrospective study of 62

patients with 101 extensor tendon injuries, treated with stand-

ard repair and static splinting, found that patients without

associated injuries achieved 64% good or excellent results and a

mean TAM of 212 degrees. In this study, loss of flexion was a

more common adverse outcome following extensor tendon

repair than loss of extension.35 In general, repairs in distal zones

(I–IV) yield poorer results than in proximal zones (V–VIII),

largely due to the intimate relationship of the tendons to the

phalanges in the distal zones.

Tendon injuries pose a formidable challenge to the recon-

structive surgeon, but when principles of repair and rehabilita-

tion are followed which are in harmony with the underlying

physiology of tendon healing, good restoration of function can

be achieved.

26.7 Review Questions

26.7.1 True or False

1. Tendon injuries are always associated with open lacerations.

2. The FDP tendons to the index and long fingers share a

common muscle belly.

3. For extensor tendon injuries, odd-numbered zones

correspond to injuries occurring over joints.

Fig. 26.15 Dynamic splint for rehabilitation after

extensor tendon repair. (a) Active flexion against

resistance. (b) Passive extension.
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26.7.2 Choose the Best Answer

4. A running epitendinous suture reduces the risk of rupture

following tendon repair by

a) Adding to the repair strength.

b) Resisting gap formation.

c) Reducing the coefficient of friction within the tendon

sheath.

d) All of the above.

5. Excessive shortening of a flexor tendon can cause a loss of

function due to

a) A lumbrical plus deformity.

b) The quadrigia effect.

c) Intrinsic tightness.

d) Boutonniere deformity.

26.7.3 Answers

1. False.

2. False.

3. True.

4. d. All of the above.

5. b. The quadrigia effect.
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27 Nerve Compression Syndromes of the Upper Extremity
Loretta Coady-Fariborzian and Winston Richards

Abstract

This chapter addresses the diagnosis and anatomy of the differ-

ent kinds of nerve compression that cause numbness, tingling,

pain, or weakness primarily in the hand. Presurgical considera-

tions are detailed, and surgical options, including open and

endoscopic approaches, are discussed for each type of compres-

sion (e.g., carpal tunnel, median nerve, cubital tunnel, ulnar

tunnel). Postoperative guidelines are provided, and there is an

extended discussion of possible outcomes.

Keywords: Tinel’s sign, Phalen’s test, Durkan’s test, anterior

interosseous syndrome, carpal tunnel syndrome, radial tunnel

syndrome, Froment’s sign, Wartenberg’s sign

27.1 Goals and Objectives
● Recognize the presentation of patients with upper extremity

nerve compression syndromes.
● Understand the anatomy of the different kinds of nerve

compression.
● Verify the location of the compression through physical exam

and diagnostic tests.
● Know when to offer treatment for a diagnosis of nerve

compression.
● Recognize postoperative complications and recurrence of

nerve compression.

27.2 Patient Presentation
Patients with nerve compression will usually present to their pri-

mary care provider with weeks to months of hand “numbness,”

“tingling,” “pain,” or “weakness.” Upon further questioning, the

symptoms may wake them up at night or be present in the early

morning hours upon awakening. The patients may relate the

symptoms to certain activities that place tension or compression

on the peripheral nerves such as driving, writing, keyboarding,

shaving, hairstyling, or holding the phone to his ear. The symp-

toms may have developed with a change in medical condition

such as pregnancy, hypothyroidism, or synovial proliferation, or

with an increase or change in work or hobbies. More often than

not, however, the condition is idiopathic; there is no clear etiol-

ogy for the symptoms. The two most common forms of nerve

compression are compression of the median nerve at the wrist

(carpal tunnel syndrome) and compression of the ulnar nerve at

the elbow (cubital tunnel syndrome). The examiner does need to

be suspicious of the less common nerve compression syndromes

involving the median nerve in the forearm (anterior interosseous

and pronator syndrome), ulnar nerve in the wrist (ulnar tunnel),

and radial nerve in the forearm (posterior interosseous syndro-

me, radial tunnel syndrome, and Wartenberg’s syndrome).

Physical exam consists of a visual inspection of the hand.

Muscle wasting of the interosseous muscles indicates long-

standing compression of the ulnar nerve. Wasting of the thenar

muscles indicates severe medial nerve compression. Observe

how the patient holds his digits; a claw-like (Duchenne’s sign)

or flattened (“ape hand”) appearance indicates severe or pro-

longed nerve injury. It is more common for patients to present

at earlier stages of compression. The examiner will look for

signs of nerve “irritability” by tapping on the point of compres-

sion and eliciting the “Tinel’s” sign. This is found by tapping at

the suspected point of compression, which is the distal wrist

crease for carpal tunnel or the inside of the elbow for the ulnar

nerve. Be aware that there is no standardization and consider-

able inter-examiner variability exists with this test.1 The exam-

iner may be able to elicit a positive “Phalen’s” test to the carpal

tunnel by having the patient flex the wrists and increasing the

pressure in the carpal tunnel. Digital pressure over the median

nerve at the wrist is known as “Durkan’s” test and will repro-

duce the symptoms of carpal tunnel. The symptoms of cubital

tunnel can be reproduced by having the patient fully flex the

elbows while the examiner places digital pressure on the nerve.

The patient is asked to abduct and adduct his or her fingers

to the examiner’s resistance and to cross and uncross fingers.

Patients with significant ulnar nerve compression may have dif-

ficulty with this exercise. The patient is asked to abduct his or

her thumb over and across the palm against resistance. Patients

with median nerve compression and thenar muscle involve-

ment may have difficulty with this maneuver.

Anterior interosseous syndrome is a less common but well-

described median nerve compression in the forearm. It presents

as pain in the forearm and weakness of the innervated muscles

(flexor digitorum profundus to the index and middle fingers,

pronator quadratus, and flexor pollicis longus) without a sen-

sory deficit. It can be identified on physical exam with a posi-

tive Tine's sign over the fibrous bands in the volar forearm. The

patient may fail the “pinch test” and not be able to make an

“OK” sign with his thumb and index finger due to weakness in

the proximally innervated muscles: flexor pollicis longus

(index) and flexor digitorum profundus (▶ Fig. 27.1). Anterior

interosseous nerve (AIN) syndrome can be confused with pro-

nator syndrome, which presents as forearm pain and sensory

disturbance in the median nerve distribution. Provocative tests

for pronator syndrome include resisted elbow flexion, resisted

middle finger flexion, and resisted forearm pronation.

Ulnar tunnel syndrome is a compression of the ulnar nerve at

the wrist. The ulnar tunnel, also known as Guyon’s canal, is div-

ided into three zones and contains both the ulnar nerve and the

radially located ulnar artery (▶ Fig. 27.2). Zone 1 is the most

proximal and the patients will have sensory and motor symp-

toms. Zone 2 is radial and involves the motor branch of the

ulnar nerve. Zone 3 is ulnar and the symptoms will be sensory.

Guyon’s canal is bordered by the transverse carpal ligament

(TCL) below and the volar carpal ligament and pisohamate liga-

ment above. The most common reason for ulnar tunnel syn-

drome is a ganglion cyst (▶ Fig. 27.3).2 An ulnar artery

aneurysm or hook of the hamate fracture can also cause com-

pression in this tight space. Ulnar tunnel syndrome can be dis-

tinguished from cubital tunnel syndrome by retained sensation

over the dorsal/ulnar hand due to the takeoff of the sensory

branch of the ulnar nerve proximal to the ulnar tunnel.
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Additional physical exam findings can be noted with ulnar

nerve compression. Patients will hold an object, such as a piece

of paper, in the first web space by flexing the IP joint using the

unaffected flexor pollicis longus instead of using the weakened

adductor pollicis. This is known as “Froment’s sign”

(▶ Fig. 27.4). The patients may not be able to adduct the small

finger with the weakened palmar interosseous muscle due to

the unopposed extensor digit quinti, innervated by the radial

nerve. This is known as the “Wartenberg’s sign” (▶ Fig. 27.5).

Radial nerve compression can be found in the distal and

proximal forearm. Distally, it is known as “Wartenberg’s syn-

drome.” Wartenberg’s syndrome is a compression of the super-

ficial sensory radial nerve between the extensor carpi radialis

and the brachioradialis. Patients will complain of pain, numb-

ness, and paresthesias over the distribution of the radial sen-

sory nerve. Blunt trauma over the radial/dorsal forearm or tight

compression, such as a watch or handcuffs, can provoke this

syndrome due to the superficial location of the nerve. Patients

will avoid direct contact with clothing sleeves, gloves, or jew-

elry at the wrist. Symptoms can be provoked with flexion, pro-

nation, and ulnar deviation of the wrist. This can be confused

with de Quervain’s stenosing tenosynovitis, which can be

present simultaneously; however, a distinguishing feature is

that Wartenberg’s syndrome is present at rest.3

Proximal radial nerve compression is known as “posterior

interosseous syndrome” or posterior interosseous nerve (PIN).

The patients present with complaints of pain in the forearm

and weakness of the radial nerve innervated muscles. The pa-

tient will have wrist and metacarpophalangeal joint extension

weakness. PIN palsy will need to be distinguished from exten-

sor tendon rupture or tendon subluxation by examining for

extensor tenodesis and the ability to hold digits already placed

in extension. Radial tunnel syndrome is distinguished from PIN

with a presentation of pain without motor or sensory distur-

bances. Symptoms can be provoked with resisted wrist supina-

tion or when traction is placed on the nerve by extending the

elbow, pronating the arm, and flexing the wrist. Tenderness is

found along the mobile wad.

Office-based equipment can help establish a baseline of the

patient’s weakness and function. The two-point discriminator

is a small pocket device used to examine the patient’s sensory

loss. Normal two-point is 5 to 6mm.4 The patient’s grip and

pinch are measured and compared with the other side using

dynamometers. Traditionally, the dominant hand was believed

to have a 10% greater grip; however, the difference may be min-

imal if the patient is left-handed.5

Once the history and physical exam is completed, the patient

will be asked to continue with diagnostic studies to verify the

location of the suspected nerve compression. Nerve conduction

Fig. 27.1 Pinch “OK” test.

Fig. 27.2 Schematic diagram of Guyon’s canal. (1) Muscular branch

(palmaris brevis). (2) Superficial branch of the ulnar nerve. (3) Deep

branch of the ulnar nerve. (4) Ulnar nerve. (Used with permission from

Pechlaner S, Kerschbaumer F. Atlas of Hand Surgery. New York, NY:

Thieme Medical Publishers; 2000)

Fig. 27.3 Ganglion cyst in Guyon’s canal.
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studies (NCSs) and electromyography (EMG) are performed by

a neurologist or physiatrist. NCS allows the examiner to accu-

rately localize a lesion or identify a generalized disease process.

The EMG uses a needle to determine the health and function

of the muscles innervated by the nerve in question. Generally,

“mild” findings indicate prolonged sensory latencies with nor-

mal motor studies; “moderate” findings indicate abnormal sen-

sory latencies and prolongation of median motor distal

latencies; and “severe” findings indicate evidence of axonal

loss.6 These studies are helpful by not only verifying the loca-

tion of the compression but ruling out other more serious,

central problems that a plastic surgeon may not recognize

such as amyotrophic lateral sclerosis, radiculopathy, or

myasthenia gravis.7 These studies can determine the severity

of compression such as progression to muscle involvement.

The EMG also serves as a baseline in the event of a patient

deciding to pursue nonoperative treatment or presents post-

operatively with complaints of worsening or ongoing

symptoms. Due to variability in diagnostic equipment and

examiners, we recommend having a relationship with a par-

ticular physiatrist or group who consistently performs your

patients’ studies. Postoperative studies are expected to show

electrophysiological improvement.8,9

X-rays are easy to obtain and are not mandatory; however,

the authors prefer to use them to identify or rule out coexisting

pathology such as an occult fracture or osteoarthritis that may

be contributory to the compression or become symptomatic

during the postoperative period. A computed tomography or

magnetic resonance imaging (MRI) may be indicated if a mass-

occupying lesion is suspected as the etiology for PIN or AIN syn-

drome. An MRI is useful to differentiate a ganglion cyst from an

aneurysm at the wrist.

27.3 Preparation for Surgery
Patients are offered surgical decompression if they are healthy

enough to tolerate surgery, are symptomatic, and have evidence

of compression on the diagnostic studies. Surgery is most often

performed using local plus intravenous sedation for the distal

nerve compressions (carpal tunnel and radial sensory) or a

regional block for compressions at the elbow or forearm. If the

NCS or EMGs are read as “borderline,” “mild,” or do not indicate

compression, conservative treatment is recommended. Conser-

vative treatment for carpal tunnel involves nighttime splinting

to prevent prolonged compression on the nerve fromwrist flex-

ion while sleeping. A steroid injection at the distal wrist crease

adjacent to the median nerve can control or reduce symptoms.

Studies have found that patients who respond well to steroid

injections also tend to respond well to surgery.10 We discuss

risks such as skin depigmentation in darkly pigmented patients

and elevated blood glucose levels in diabetics up to 5 days post-

injection (▶ Fig. 27.6).11,12 Conservative treatment for cubital

tunnel syndrome involves elbow padding during the daytime to

prevent inadvertent leaning on the nerve and antecubital

Fig. 27.4 Froment’s sign.
Fig. 27.5 Wartenberg’s sign.

Fig. 27.6 Depigmentation at wrist after steroid injections.
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padding at nighttime to prevent full elbow flexion that creates

prolonged ulnar nerve tension during sleep.

Basic preoperative laboratory tests include a complete blood

cell count, coagulations, and a basic metabolic panel. In the

event that a patient is on Plavix, Coumadin, or ASA for a cardiac

or neurologic reason, the authors will perform indicated hand

surgery without stopping anticoagulation. Recent hand litera-

ture supports maintaining a patient’s anticoagulation regime, if

that is in the patient’s best interest, with a low risk of complica-

tions.13,14,15 The anesthesiologists often do regional blocks for

patients on anticoagulants due to their skill in locating the bra-

chial plexus with ultrasound. We offer in situ release of the

cubital tunnel on anticoagulated patients to minimize dissec-

tion and bleeding risk. Nerve compression tends to be a chronic,

not an acute, problem, and the authors recommend allowing

any unresolved medical problems to be addressed first in the

best interest of the patient.

Elective hand patients need to have their diabetes and hyper-

tension under control before committing to surgery to avoid

postoperative systemic and local complications.16,17 HbA1c lev-

els can be used to identify patients with poor glycemic control.

Values between 6.5 and 8% have been recommended.18 Antihy-

pertensives are usually continued until the day of surgery.

Patients with systolic blood pressure ≥180mm Hg or diastolic

blood pressure ≥110 should have their pressures lowered grad-

ually over days to weeks as outpatients.16

In the event of bilateral compression, one side will be offered,

followed by the other side 4 to 6 weeks later. Patients often

request bilateral surgery for the sake of time and convenience,

but we remind patients that one side has to be free to perform

activities of daily living, while the other side can be allowed

time to heal while staying clean and dry.

Wartenberg’s syndrome, radial tunnel syndrome, and prona-

tor syndrome do not tend to have objective findings on nerve

studies. These cases would be best served with conservative

treatments of nonsteroidal anti-inflammatory drugs (NSAIDs),

activity modification, and splinting for 3 to 6 months. A diag-

nostic lidocaine injection at the point of compression can help

with future surgical planning and expectations.

27.4 Treatment
The surgical treatment of carpal tunnel syndrome is simple

decompression of the TCL. This can be done through an open

approach (▶ Fig. 27.7) or endoscopic approach (▶ Fig. 27.8). The

most popular option is the open release, which requires less

specialty training and has a shorter learning curve.19 The

advantage of the endoscopic release is an earlier recovery and

return to work. The skin incisions are shallower, allowing for a

faster recovery time. Results have been similar over the long

term, ranging from 3 months to 1 year.20,21,22,23

During open release, synovectomy and manipulation of the

nerve are not indicated except for specific cases of synovial

hypertrophy that need debulking. A forearm-based tourniquet

is well tolerated and is set to 225mm Hg after manual exsan-

guination. We recommend a median nerve block using 1% lido-

caine and 0.25% Marcaine placed at the distal wrist crease in

preoperative holding to allow time for the medication to work

and dissipate from the surgical site. The carpal tunnel can be

released under direct vision by making a longitudinal incision

over and through the TCL from the volar wrist flexion crease,

staying in line with the radial border of the fourth ray. Visual-

ization of the palmar fat is the distal end point. A tenotomy scis-

sors can be used to release the distal end of the antebrachial

fascia in the forearm, staying ulnar to the palmaris longus ten-

don. The TCL is about 2 cm in length. The days of large palmar

and forearm dissections are long gone and unnecessary, and

only contribute to prolonged recovery and scar adhesions.

The endoscopic carpal tunnel release is a minimally invasive

alternative to the open release. This is most often performed

proximally based, using either a single or double port. An upper

arm tourniquet set at 250mm Hg after manual exsanguination

is necessary. A distally based flap of antebrachial fascia is ele-

vated at the distal wrist crease through a transverse incision

just above and ulnar to the palmaris longus tendon. A spatula is

used to bluntly remove the synovial tissue from the undersur-

face of the TCL. An endoscopic 4-mm 30-degree camera is

placed distally to visualize the TCL. The edge of the ligament

is verified with a blunt hook. A sharp hook is used to transect

Fig. 27.7 (a) Marking for open carpal tunnel

release and (b) intraoperative view.
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the ligament under endoscopic vision in a distal to proximal

direction.

Postoperatively, the patients are placed in a bulky dressing

and encouraged to use their fingers while avoiding lifting or

gripping more than 5 lb for 4 to 6 weeks. Open carpal tunnel

releases are splinted for a week if they give indication that they

are at a higher risk of wound breakdown. Patients are brought

back within 10 days for suture removal and one hand therapy

visit to assist with mobility and scar management.

Median nerve decompression at the forearm requires an

upper extremity tourniquet and regional block. A lazy S incision

is made from just proximal to the antebrachial fossa to the mid-

volar forearm. Points of compression needing to be identified

and released or lengthened, from proximal to distal, are liga-

ment of Struthers, bicipital aponeurosis, tendon of the superfi-

cial head of the pronator teres, deep head of the pronator teres,

and arch from the leading edge of the flexor superficialis

(▶ Fig. 27.9). The patient is placed in a bulky dressing restricting

full elbow mobility until sutures are removed. Controversy

exists over when surgical intervention is appropriate. Most

authors recommend surgical decompression after 3 months of

conservative treatment or persistent findings on electrodiag-

nostic studies. There have been reports of spontaneous recov-

ery, but an inflammatory etiology may have been responsible

for the AIN palsy.24

There are many accepted alternatives for cubital tunnel

release. They include open in situ; subcutaneous, intramuscular,

transmuscular, and submuscular transposition; medial epicon-

dylectomy; and endoscopic in situ. The points of compression

have to be identified and addressed. These include (proximal to

distal) arcade of Struthers, intermuscular septum, Osborne’s lig-

ament, anconeus muscle (if present), and the flexor pronator

fascia (▶ Fig. 27.10). Care needs to be taken to identify and pro-

tect large crossing branches of the antebrachial cutaneous

nerve, found on average 1.8 cm proximal and 3.1 cm distal to

the medial epicondyle as well as the motor branch to the flexor

carpi ulnaris (FCU) muscle, located distal to the medial epicon-

dyle.25 The authors prefer to anteriorly transpose the nerve over

the medial epicondyle using the subcutaneous or transmuscu-

lar techniques to avoid tension on the nerve during elbow flex-

ion. Dissection of the nerve can temporarily devascularize it,

but no correlation has been found between devascularizing the

nerve during transposition and postoperative nerve recovery.26

We offer open in situ release to patients who are less than opti-

mal surgical candidates for the sake of speed and simplicity.

Median epicondylectomy is another option that has been found

to be successful; however, the authors prefer to avoid the risks

of bone tenderness, elbow instability, and heterotopic bone for-

mation.

Postoperatively, we splint patients for 1 week in a padded

elbow splint. One to two visits with hand therapy is usually suf-

ficient to recover elbow mobility. Submuscular transposition

requires a longer splinting protocol, risking elbow stiffness,

which is why it is not our first-line treatment.

Patients with ulnar tunnel syndrome are given a regional

block and a forearm tourniquet. The incision is made in a zigzag

fashion using the FCU, pisiform, and hook of the hamate as

landmarks. The ulnar nerve runs radial to the FCU and between

the pisiform and hook of the hamate. The nerve is identified,

taking care to identify and protect the ulnar artery. Dissection

of the nerve continues until the aponeurotic arch of the hypoth-

enar muscles is released. An anomalous structure, such as a

ganglion, fracture fragment, or aneurysm, needs to be identi-

fied and removed. The patient is placed in a bulky dressing until

return to clinic for suture removal within 10 days.

Spontaneous resolution is typically expected with Warten-

berg’s syndrome that includes removal of the inciting etiology

(compressive force), rest, splinting, and NSAIDs.3 Surgery is

offered after failure of conservative treatment. Decompression

of the radial sensory nerve is performed under a proximal fore-

arm tourniquet and can be done under local or regional block

with sedation (▶ Fig. 27.11). A longitudinal incision is made

over where the radial sensory nerve (RSN) presents between

the brachioradialis (BR) and extensor carpi radialis longus ten-

dons, located approximately 9 cm proximal to the radial styloid,

staying slightly volar to avoid direct nerve contact. When oper-

ating near the RSN, we recommend breaking dermis only with

the knife and doing longitudinal blunt dissection. Decompress

the fascia between the tendons. Cover with a bulky dressing.

An initial trial of nonsurgical management of PIN and radial

tunnel syndrome is recommended. This includes rest, splinting,

and anti-inflammatories. An injection of lidocaine and a steroid

Fig. 27.8 (a) Endoscopic carpal tunnel release and (b) endoscopic view of transverse carpal ligament.
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Fig. 27.9 (a,b) Fascial sling created during cubital

tunnel release. ((a) Used with permission from

Pechlaner S, Kerschbaumer F. Atlas of Hand

Surgery. New York, NY: Thieme Medical

Publishers; 2000)

Fig. 27.10 (1) Medial fascicle of the medial

antebrachial cutaneous nerve. (2) Brachialis. (3)

Medial epicondyle. (4) Common head of the

flexors. (5) Canal of the ulnar nerve. (6) Triceps.

(7) Medial intermuscular septum. (8) Ulnar nerve.

(9) Arcade of Struthers. (Used with permission

from Pechlaner S, Kerschbaumer F. Atlas of Hand

Surgery. New York, NY: Thieme Medical

Publishers; 2000)
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may be diagnostic and therapeutic for radial tunnel syndrome.3

If symptoms persist after 3 months, decompression of the PIN is

considered. This is performed with an upper extremity tourni-

quet and under regional block. A longitudinal incision is made

over the mobile wad, most easily found when the forearm is

pronated on the operating table with the elbow gently flexed.

Points of identification and decompression are fibrous tissue

anterior to the radiocapitellar joint, “leash of Henry” (recurrent

radial vessels), edge of the extensor carpi radialis brevis, arcade

of Frohse (proximal edge of the supinator), and distal edge of

the supinator (▶ Fig. 27.12). The arm is placed in a bulky dress-

ing. We recommend surgical taping of the dorsal forearm scar

for several months in the postoperative period to minimize scar

hypertrophy.

All patients with regional blocks are sent home in slings with

instructions to remove the sling once sensation and motor

function returns. This is to avoid a stiff shoulder.

The use of perioperative antibiotics has not been found to be

indicated in elective, clean hand cases.27 We do give immuno-

compromised patients, such as diabetics or those on steroids,

one perioperative dose of antibiotics before tourniquet infla-

tion. These are clean cases and the antibiotics are not continued

in the postoperative period.

27.5 Postoperative Care
In general, we try to minimize immobilization. Patients are

treated with a bulky dressing except for the open carpal tunnel

patients who are at risk of wound dehiscence from potential

falls or pressure onto the wound. Those patients are splinted for

a week. Cubital tunnel release patients are placed in an elbow

splint, leaving the hand and wrist free, for a week. Patients who

are not splinted are advised to remove the dressings on post-

operative day 2 and replace with clean, sterile, nonadherent

dressing. We allow patients to wash the incision site with mild

soap and water at this time. All patients are brought back to

Fig. 27.11 4–44 Decompression of the superficial branch of the radial

nerve at its point of entry into the fascia of the forearm between the

brachioradialis and extensor carpi radials longus partial resection of the

forearm fascia. (1) Point of entry of the superficial branch of the ulnar

nerve into the forearm fascia. (2) Forearm fascia (partially resected). (3)

Brachioradialis. (4) Superficial branch of the radial nerve. (5) Extensor

carpi radials longus. (Used with permission from Pechlaner S,

Kerschbaumer F. Atlas of Hand Surgery. New York, NY: Thieme Medical

Publishers; 2000)

Fig. 27.12 The radial nerve is exposed in the

supinator tunnel between the extensor carpi

radialis brevis and extensor digitorum.

(1) Abductor pollicis longus. (2) Posterior

interosseous artery. (3) Point of exit of the deep

branch of the radial nerve from the supinator

tunnel. (4) Supinator. (5) Extensor carpi radialis

brevis. (6) Superficial branch of the radial nerve.

(7) Lateral epicondyle. (8) Lateral humeral

intermuscular septum. (9) Deep branch of the

radial nerve. (10) Arcade of Frohse (point of entry

of the radial nerve into the supinator tunnel).

(11) Extensor digitorum. (12) Interosseous

recurrent artery. (13) Posterior interosseous

nerve. (14) Extensor pollicis brevis. (Used with

permission from Pechlaner S, Kerschbaumer F.

Atlas of Hand Surgery. New York, NY: Thieme

Medical Publishers; 2000)
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clinic 7 to 10 days postsurgery to have sutures removed and to

start hand therapy. Formal hand therapy is usually no more

than one to two visits where the patients work on scar mobility,

resolution of stiff joints, and gradual strengthening, depending

on their work needs. We encourage early mobilization to pre-

vent stiff joints. Patients are allowed to return to light duty

within 1 to 2 weeks. We counsel against heavy lifting for the

first 6 weeks.

All patients are prescribed anti-inflammatories such as high-

dose Motrin or naproxen if there is no contraindication. We try

to minimize narcotic prescriptions to prevent inadvertent self-

injury due to dizziness and falling and to prompt a quick return

to clinic if the patient is having an unusual amount of pain,

rather than allowing him to mask the pain with narcotics. We

agree with the recommendations of Stanek et al28 and prefer to

minimize the number of unnecessary narcotic pills in circula-

tion that can be misused by better educating the residents and

staff. If patients have a history of substance abuse or narcotic

dependence, we enlist their primary care physician in the

management of their medications prior to surgery.

27.6 Outcomes
Most carpal tunnel release patients are pleased with the sur-

gery, particularly when they are able to sleep through the night

without waking up with numb hands. We temper expectations

in the elderly, diabetics, and those with long-standing or severe

nerve compression; however, positive outcomes have been

noted in these patients.29,30,31 Similar outcomes have been

found in both open and endoscopic carpal tunnel release.

Advantages of the endoscopic release are a quicker recovery,

earlier return to work, and fewer wound complications. The

skin incisions are shallower, allowing for a faster recovery time.

Results have been similar over the long term, ranging from 3

months to 1 year.20,21,23,32 There is a learning curve in the endo-

scopic approach. The most feared complication is nerve injury.

A large review of published studies between 1966 and 2001

found that structural injury to nerve, tendons, or arteries,

although very uncommon, is more common in the open

approach (0.49%) compared with the endoscopic method

(0.19%).33 The open approach is the method that would be

offered most often by the surgeon who is not specifically hand

trained, which could account for those findings. Neuropraxia is

more common in the endoscopic approach, likely due to the

blunt dissection of the synovial tissue from the undersurface of

the TCL and the placement of the instruments within the closed

space of the carpal tunnel.33 Care should be taken not to push

the instruments too far into the palm past the TCL. Open carpal

tunnel release has more wound complications such as infection,

hypertrophic scar, and scar tenderness.22 Pillar tenderness is a

vague discomfort in the palm over the TCL that can last weeks

to months. Theories range from cutaneous nerve injury during

the open release, scar tenderness, and alterations to the struc-

ture of the carpal arch.34 Reassurance and hand therapy are the

treatment.

The idea of “recurrent” or “persistent” carpal tunnel syn-

drome is real, but needs to be approached cautiously. A careful

history will determine if the symptoms never resolved or if

they returned quickly after surgery. Return of preoperative

symptoms within 6 months is considered “persistent” carpal

tunnel syndrome and is typically due to incomplete release of

the TCL. Recurrent carpal tunnel would be from scar compres-

sion that recreates the TCL.35,36 All patients are sent for repeat

NCS/EMGs, which are compared to the originals. If findings are

unchanged or worse, reoperation is offered under regional

block. If scar adhesions are found between the nerve and liga-

ment (or re-created ligament), a hypothenar fat flap transfer or

vein wrapping is offered.37

All the methods of ulnar nerve decompression at the elbow

have their supporters in the literature.38,39,40,41 In general, open

in situ release is recommended for patients with more mild find-

ings on exam and nerve studies or for patients who need a faster

surgery with less dissection. Simple decompression has been

found to have comparable outcomes with the more complicated

procedures, with fewer potential complications. The downside is

the potential for ulnar nerve subluxation, which needs to be

evaluated intraoperatively by passively mobilizing the elbow.

Anterior transposition is the method preferred by the authors

because it relieves the tension on the ulnar nerve during elbow

flexion and has the advantage of complete visualization and

release. The nerve is held in place with a subcutaneous or fas-

cial sling that is either sutured to the skin (subcutaneous) or to

fascia (transmuscular). Good results with improvement in sen-

sation and strength have been noted.

Intramuscular transposition places the nerve within the

muscle mass, while submuscular transposition places the nerve

under the muscle mass. These techniques allow for more pro-

tection of the nerve, but are more technically demanding and

require longer immobilization. They also risk recompressing

the nerve.38

Complications from cubital tunnel release include incomplete

relief of symptoms; recovery up to 2 years; injury to the medial

antebrachial cutaneous nerve resulting in neuroma, neuro-

praxia, or loss of sensation to the elbow skin; seroma; infection;

hematoma; and, rarely, recurrence that can be due to incom-

plete release or scar adhesions. In the event of a suspected

recurrence, EMGs need to be ordered and original operative

notes reviewed. Persistent symptoms are usually a result of

incomplete decompression or scaring around the nerve and can

be treated with a revision decompression, which has been

shown to provide improved, but inferior, results compared with

primary surgery.38,42

As with all nerve pathology, enthusiasm for treatment needs

to be tempered with reality. Patients who are older, have more

proximal lesions, show muscle atrophy, or have diabetic neuro-

pathy may never get complete relief. We counsel the patients

that the first objective is to prevent persistent long-term and

irreparable injury.

27.7 Review Questions

27.7.1 Choose the Best Answer

1. NCSs/EMGs would NOT be helpful for which nerve

compression syndrome?

a) Carpal tunnel syndrome.

b) Ulnar tunnel syndrome.

c) PIN syndrome.

d) Pronator syndrome.

e) Cubital tunnel syndrome.

Review Questions
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2. All are points of ulnar nerve compression except

a) Arcade of Struthers.

b) Osborne’s ligament.

c) Arcade of Frohse.

d) Anconeus muscle.

e) Flexor pronator fascia.

3. Patients presenting with recurrent or persistent nerve

compressions are evaluated by

a) Physical exam.

b) Reviewing previous operative notes.

c) Reviewing preoperative EMGs.

d) Ordering updated nerve studies.

e) All the above.

27.7.2 True or False

4. First-line treatment for Wartenberg’s syndrome (radial

sensory nerve compression) is surgery.

5. Guyon’s canal is divided into three sections: section 1 (motor

and sensory), section 2 (motor), and section 3 (sensory).

27.7.3 Answers

1. d. Pronator syndrome.

2. c. Arcade of Frohse.

3. e. All the above.

4. False.

5. True.
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28 Replantation and Amputation of Fingers
Michael Friel and William C. Lineaweaver

Abstract

This chapter deals with a significant trauma that remedially

requires the rapid processing of many issues. Surgery is based

on the findings of medical, laboratory, and radiologic evalua-

tions; factors that enhance the possibility of success (e.g., wrap-

ping the amputated digit in moist gauze, sealing it in a plastic

bag that is placed on ice) are covered, and surgical contraindica-

tions are enumerated. The examination of affected bones, ten-

dons, nerves, arteries, and veins is described, and if surgery is

deemed possible, the recommended techniques and procedures

(including the use of leeches) are sequentially listed. Because

postoperative care for both replantation and amputation is crit-

ical, the authors conclude their study by going into some detail

about practices that increase the odds for a satisfactory

outcome.

Keywords: replantation, amputation

28.1 Goals and Objectives
● Review the indications for replantation and amputation of

fingers.
● Outline technical aspects of finger replantation and

amputation.
● Summarize reported outcomes and evidence-based

recommendations for management of fingers evaluated for

replantation or amputation.

28.2 Patient Presentation
In the setting of traumatic amputations involving one or more

fingers, decisions regarding replantation and amputation have

complex implications for patients. It is necessary for patients

and surgeons to work through many issues in a relatively short

period of time to determine an optimal treatment plan.

Initial evaluation must include an examination of the injured

parts (including physical examination and X-ray), review of the

mechanism of injury, and thorough assessment of any associ-

ated injuries and coexistent medical problems.1,2,3

If a patient is first seen in a facility which will transfer the pa-

tient elsewhere for definitive management, primary emergency

care should include dressing and elevation of the injured hand;

wrapping of the amputated parts in moist gauze and subse-

quent placement into a specimen cup or plastic bag which is

then placed on ice; establishment of intravenous access in an

uninjured extremity; evaluation of medical problems and asso-

ciated injuries; performance of indicated laboratory and X-ray

studies; and administration of indicated antibiotics, analgesics,

and tetanus prophylaxis. If the patient presents to the same

hospital where definitive care will be offered, the responsible

hand surgeon can directly oversee this primary management.

With accomplishment of initial evaluation, the surgeon can

examine the amputated parts. The patient and surgeon then

must arrive at a treatment plan.

Replantation can offer possibilities of maximum salvage of

function with the drawbacks of prolonged surgery and hospi-

talization as well as prospects of lengthy postoperative therapy

and secondary procedures. Each patient will have individual

priorities to bring to the formulation of a surgical plan; each

injury will offer the surgeon a range of possibilities and limita-

tions. These elements must be assembled into the best available

composite of patient expectation and surgeon performance.

The indications for replantation have been established over

decades. Prime opportunities for replantation based on pros-

pects for useful salvage of function include amputation of

thumbs, multiple fingers, amputations in children, and finger

amputations distal to superficialis tendon insertion. Contraindi-

cations can include crushing and multilevel amputations and

single-finger injuries proximal to the superficialis insertion.

Specific patient issues, including commitments to recovery

time, can ultimately determine the surgical plan.4

If replantation is not a consideration, or if intraoperative

findings or postoperative failure aborts a replantation effort,

the surgeon must apply effective amputation strategies.

28.3 Treatment

28.3.1 Preparation for Surgery

Review of the preparations described earlier, including medical,

laboratory, and radiologic evaluations, forms the basis for pro-

ceeding to surgery. Radiographs of the hand will provide infor-

mation regarding the level and extent of bone and/or joint

trauma. Similarly, radiographs of the amputated part may be

desired.

Informed consent should include options for amputation as well

as replantation procedures that could include vein, nerve, and skin

grafts, as well as anticoagulant use and blood transfusion.

The patient should be further informed of the duration of

surgery and hospitalization, risks of replant failure, length of

recovery, and possible need for secondary operations.

28.4 Replantation
Initial exploration of the amputated digit includes examination

of bone and tendons, as well as identification and tagging of

digital nerves, digital arteries, and volar veins. These maneuvers

are facilitated by making midlateral incisions in the digit, allow-

ing reflection of dorsal and volar tissue to create a wide field

(▶ Fig. 28.1).

The injured hand is explored under tourniquet control. Prox-

imal incisions are made, usually in a Bruner pattern, to identify

and tag critical structures to match the components prepared

in the amputated part.5

Generally, replantation of multiple digits is prioritized from

thumb to ulnar digits with the index finger being the most

functionally expendable.6 A cleanly amputated part can be

replanted at a more optimally functional site if that site’s ampu-

tated part is unreplantable. For example, a cleanly amputated
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index finger can be replanted onto a thumb site when the

amputated thumb itself is not replantable.7

Replantation follows an organized sequence of bone fixation,

volar repairs (flexor tendons, digital arteries, digital nerves, and

skin closure), and dorsal repairs (extensor tendon, veins, and

skin closure).4,6

A number of skeletal fixation techniques have been used in

replantation, but crossed Kirschner wires (K-wires) offer speed

of application and simplicity of technique with no documented

outcome disadvantages relative to more complicated systems.

K-wires can be placed through the amputated part at the initial

dissection. Replantation can then commence with reduction of

the amputated bone into the proximal skeletal stump, usually

under direct visualization. The K-wires are then driven into the

proximal bone. Wire position and reduction can be confirmed

by fluoroscopy.4,6,8

Flexor tendon repairs are performed next. At the initial

exploration, sutures can be placed in the proximal and distal

tendon stumps with each suture representing one half of the

selected tendon repair technique. Completion of the repair is

accomplished by tying the two segments of sutures together.4,9

The tourniquet is released following skeletal and flexor ten-

don repairs. Under the microscope, the digital arteries and

nerves are examined. The proximal and distal margins of these

structures are trimmed to grossly uninjured levels. The proxi-

mal artery should be treated with mechanical dilation, heparin

irrigation, and topical vasodilation (e.g., papaverine) until

pulsatile flow is identified. The digital artery segments are then

anastomosed, usually with 9–0 or 10–0 nylon sutures. Repairs

of both arteries should be considered to guard against failure of

a single repaired vessel. Both digital nerves are next repaired

using 9–0 or 10–0 nylon sutures. The volar skin is closed as

loosely as possible.4,6,9

Significant gaps in specific tissues can be addressed with

grafts. Vein grafts can be used to bridge arterial defects. These

grafts can be harvested from a foot, with veins near a web space

being a good match for digital arteries while veins on the distal

dorsum of the foot are generally suitable for common digital

arteries.10 Digital nerve gaps rarely have sufficiently secured

skin cover for the surgeon to consider autologous nerve grafts,

but small vein conduits or cadaveric nerve allografts can be suc-

cessfully applied.11,12 Significant gaps in skin cover, including

defects exposing underlying neurovascular repairs, can be cov-

ered with small split or thinned full-thickness skin grafts.13

After completion of volar repairs, the hand is turned for access

to the dorsal injury. The extensor tendon is repaired with absorb-

able sutures. One or more veins are then repaired, and vein grafts

can be used here also. Veins can be identified during the initial

dissection, but optimal distal vein selection is best accomplished

after arterial repairs establish venous outflow from the ampu-

tated part.4 Dorsal skin closure completes this procedure.

For multiple replantations, a functional operative sequence

includes preliminary dissection and tagging of all proximal and

distal structures; skeletal reduction; flexor tendon repairs;

introduction of the microscope and tourniquet release; all arte-

rial repairs; all nerve repairs; volar skin closure; and turning of

the hand for all extensor repairs followed by vein repairs and

dorsal skin closure (▶ Fig. 28.2). First priority for salvage should

be given to the thumb, followed by little, ring, middle, and

index fingers.

28.5 Postoperative Care
Preoperative and intraoperative coagulation modifiers are used

empirically by many surgeons. These agents can be used in

combination and continued postoperatively. Agents include

aspirin, low-molecular-weight dextran, and full- or low-dose

heparinization. No clear evidence supports any specific recipe

for these agents, and prolonged use of combination therapies

substantially increases the possible need for blood transfusion.2,14

The dressing applied at the end of the surgical procedure

should have minimal potential for circumferential pressure,

should be easily changed, and should allow inspection of the

replanted parts. One technique is a “barrel-stave dressing.” Ini-

tial layers of nonadherent gauze strips are applied to the dorsal

and volar surfaces of the fingers. Dry gauze of 4 × 4 is placed in

a sandwich fashion to the dorsal and volar surfaces of the finger

and hand, and this layer is secured by a loose wraparound gauze

roll. A volar plaster splint is applied to maintain the wrist in 30-

degree extension and the fingers in comfortable extension. The

splint is held in place by a wraparound bias dressing, and the dis-

tal gauze layers are adjusted to expose the finger tips.6

Postoperative monitoring can include clinical examinations

and techniques such as quantitative fluorimetry, pulse oxime-

try, temperature monitors, and laser monitors. Clear evidence

to support any of these techniques for monitoring replants is

Fig. 28.1 Structures exposed for repair in a middle phalangeal

amputation.
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minimal, but the monitoring process should function as a clini-

cal alert for either arterial or venous occlusions.1,15 With evi-

dence of vascular compromise, the first response should be

complete removal of the splint and dressings to relieve any

external compression. In cases of arterial occlusion, operative

reexploration can be considered. Often, salvage will consist of

resection of damaged vessel margins and vein graft reconstruc-

tion. Venous occlusion may also be reexplored, but can be

treated with leech application for 24 to 72 hours while capillary

venous return is established across the replantation site. Leech

application can salvage up to 70% of replants with patent

arteries and occluded or no veins. Antibiotics effective against

leech enteric organisms (especially Aeromonas species) should

be administered to prevent secondary infections.16 For any vas-

cular complication, systemic anticoagulation can be considered.

Intensive hand therapy is required for replanted digits to

maximize function. Early range of motion is optimal for preven-

tion of tendon adhesions and joint stiffness. Nevertheless, this

is limited until fracture healing is stable. Scar and soft-tissue

management may also be required.

28.6 Amputation
A great majority of cases considered for replantation include

digits too damaged for replantation or, more rarely, patients

who are unsuitable for replantation because of medical prob-

lems, coincident injuries, or unwillingness to commit to the

prolonged surgery, hospitalization, and rehabilitation associ-

ated with replantation.

In such cases, the hand surgeon seeks to provide the most

functional solutions to the acute injury. Rarely, at the time of

initial injury, the surgeon should consider elaborate strategies

of ray amputation, digit transfer, or toe transplants. Amputation

is the most common acute surgical procedure, and should con-

centrate on maximal preservation within the limits of available

soft-tissue coverage and functional skeletal parts.17

Fingertip amputations can often be covered with local volar

or midlateral V-Y flaps to preserve the remaining nail bed and

distal phalanx. Cross finger flaps can also be utilized for larger

defects, achieving coverage of joints and tendons.18

More proximal injuries should be treated by establishing the

most secure and functional skeletal amputation level and devel-

oping volar and dorsal skin flaps from available viable tissue

(▶ Fig. 28.3).18

Thumb amputations offer additional incentives for stump pres-

ervation since the proximal amputation can be the basis for digit

pollicization, toe transplantation, or functional lengthening from

widening of the first web space. Metacarpophalangeal joint cov-

erage by local or pedicled flaps can be an important element of

acute salvage. Excessive debridement of digital nerves or tendons

should also be avoided (▶ Fig. 28.4; ▶ Fig. 28.5).17,19

28.7 Outcomes
Eighty to 90% of attempted finger replantations are reported as

initially successful in large series.1 The definition of functional

success requires a more detailed description including sensa-

tion, motion, and grip. To improve functional outcome, 30 to

50% of replanted fingers undergo secondary procedures. Such

operations should be sequentially planned to achieve soft-tis-

sue coverage, skeletal stability, sensation, passive joint motion,

and active motion as these problems are identified.20

Skin coverage options can include application of skin grafts,

local flaps, or microsurgical flaps. Skeletal stability requires

Fig. 28.2 (a) Complex injury to the left hand,

with pulp laceration of the thumb; amputation of

index; near-complete amputation of middle;

devascularization of ring; and distal phalangeal

fracture-nail bed injury of little. (b) Completion of

procedure which included replantation of index

(K-wire reduction of proximal phalanx, repair of

flexor digitorum superficialis [FDS], flexor

digitorum produndis [FDP], ulnar digital nerve

[UDA], ulnar digital nerve [UDN], extensor

tendon, volar vein with graft); middle (fusion;

proximal interphalangeal joint [PIPJ]; repair of

FDS, FDP, radial digital artery [RDA], UDA, radial

digital nerve [RDN], UDN; extensor tendon;

identification of patent dorsal vein in skin bridge);

and salvage of ring (repair, PIPJ volar plate, FDS,

FDP, RDA, RDN, UDN). Procedure time was 7.5

hours. (c,d) Healed wounds at 3 months with

functional large object grip.
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salvage of nonunions, malunions, or osteomyelitis. Restoration

of sensation can require neurolysis, revision of original repairs,

or grafting to replace damaged nerve segments. Joint proce-

dures can range from capsulotomies to Silastic replacement

prostheses. Tendon function may be restored by tenolysis of

original repairs or staged tendon grafting of unsalvageable ten-

don segments. Optimization of replantation, therefore, requires

not only a successful acute procedure but also application of

comprehensive hand surgery skills. Reports of secondary proce-

dures following digit replantation document that less than 2%

of replants go on to secondary amputation.20 This low occur-

rence gives indirect evidence that the great majority of

replanted digits are functional.

Acute amputation may also require secondary procedures for

problems as diverse as nail remnants, unstable soft-tissue

coverage, painful neuromas, chronic infections, or impaired

function related to an unfavorable amputation stump. This last

circumstance can lead to such procedures as a ray amputation

of an index stump to re-create an open first web space, or

transfer of a little finger to a ring metacarpal stump to close a

gap in grip.18

Secondary procedures following amputation should be

planned to coincide with maximum return of function in ther-

apy as well as definition of problems. For example, initial pain

at the site of the digital nerve transections may resolve in 6 to

12 weeks and not require exploration for neuromas. The

stump of an index finger may not cause problems until a pa-

tient returns to work where repeated trauma may indicate

that a ray amputation can offer more functional first web

space.

Fig. 28.3 (a–c). Functional late results after primary amputations.

Fig. 28.4 (a) Unreplantable thumb amputation with multiple levels of injury and extensive avulsion. (b) Amputation site with avulsed neurovascular

bundle. (c) Debridement with markings for a transposition flap from the first web space. (d–f) Elevation, inset of flap with preservation of the

metacarpophalangeal joint.
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28.8 Conclusion
Replantation is feasible only in a small number of patients seen

for amputations. A successful replant or an optimal initial

amputation can be the basis for a best possible outcome for a

patient with a serious hand injury, and hand surgeons should

be able to offer this spectrum of reconstructive procedures to

best serve their patients.

28.9 Review Questions

28.9.1 Choose the Best Answer

1. Contradictions to replantation include

a) Crushed amputated parts.

b) Pediatric patients.

c) Patients older than 65 years.

d) Amputations distal to the flexor superficialis insertion.

e) Multiple digit amputations on the same hand.

2. For transportation to a medical facility, an amputated part

should be

a) Placed in a sterile container filled with saline.

b) Wrapped in the dressing applied to the injured hand.

c) Placed directly on ice in a sealed container.

d) Wrapped in moist gauze, sealed in a plastic bag which is

then placed on ice.

e) Placed in a sterile glove with the cuff tied off and placed

on dry ice.

3. In multiple-digit amputations, the highest priority should be

given to replantation at the

a) Thumb site.

b) Index site.

c) Middle site.

d) Ring site.

e) Little site.

4. The first step in replantation should be

a) Skeletal fixation.

b) Flexor tendon repairs.

c) Exploration and tagging of critical structures.

d) Arterial repair.

e) Vein repairs.

5. Leeches can be applied to replanted parts to treat

a) Arterial occlusion.

b) Venous occlusion.

c) Edema.

d) Pain.

e) Necrotic skin margins.

28.9.2 Answers

1. a. Crushed amputated parts.

2. d. Wrapped in moist gauze, sealed in a plastic bag which is

then placed on ice.

3. a. Thumb site.

4. c. Exploration and tagging of critical structures.

5. b. Venous occlusion.
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Fig. 28.5 Digital nerve stumps, prior to neuroma resection and

transposition into hypothenar muscles.
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29 Dupuytren’s and Trigger Finger
Chris McCarthy and Sonu A. Jain

Abstract

This chapter examines the anatomy, pathology, and treatment

of Dupuytren’s disease and the not uncommon malady known

as trigger finger. Surgery is often the only remedy for Dupuyt-

ren’s, and the authors guide the reader through the intervention

options. Trigger finger presents as a catching or locking sensation

in the digits, and treatment—nonsurgical or surgical—depends on

the severity of the problem. For the surgical option, the authors

describe each step of the procedure and caution about possible

complications. Postoperative dressings are reviewed and

expected outcomes cited at the conclusion of the chapter.

Keywords: Dupuytren’s disease, trigger finger, fasciectomy,

palmar skin management, collagenase botulinum histolyticum

29.1 Dupuytren’s Disease (Palmar
Fibromatosis)

29.1.1 Goals and Objectives
● To understand the anatomy and pathology of at-risk patient

populations for Dupuytren’s disease.
● To understand the surgical indications and options for

Dupuytren’s patients.
● To be able to avoid potential complications of Dupuytren’s

surgery and educate patients appropriately on expectations of

surgery and the risk of recurrence.

29.1.2 Patient Presentation

A typical presentation of a patient with Dupuytren’s disease is

described: A 60-year-old man of Scandinavian descent presents

with progressive flexion contracture of his ring and little fin-

gers over the last 6 months. The deformity is causing inability

to perform daily tasks with his right hand which originally

began with a painful nodule in his palm. This became non-

painful over time despite developing into a larger cord of tissue.

His father had a similar condition in the past. On physical exam,

he has a metacarpophalangeal (MCP) joint flexion contracture

of 45 degrees and a proximal interphalangeal (PIP) joint con-

tracture of 45 degrees along with palpable cords to both the

ring and little fingers. He has normal sensation and vascular

flow to the fingers. Radiographs show no arthritis of the hand

and no other anomalies.

29.1.3 Preparation for Surgery

Dupuytren’s disease is a disease more predominant to males

over the age of 40 years and of Northern European descent, tra-

ditionally Scandinavian region and the regions in which Viking

conquests took place.1 It is a proliferation of collagen with an

increase in ratio of Type III to Type I collagen in the palmar

fascia creating pathologic cords from the normal bands.

Myofibroblasts and fibroblasts are the implicated cell lines with

residual myofibroblasts in adjacent dermal and epidermal tis-

sues being thought to contribute to recurrence.1,2,3 Typically,

Dupuytren’s disease is diagnosed by history and physical exam

alone with plain radiographs used to evaluate for any concomi-

tant osteoarthritic changes of contracted joints. MRI and CT

evaluations are typically unnecessary. Biopsy is also typically

unnecessary unless the presentation is atypical and there is a

concern for malignant mass; however, this is a rare presentation.

Understanding of the pathoanatomy is critical in Dupuytren’s

disease (▶ Fig. 29.1). Normally, as the palmar fascia travels dis-

tally toward the digits, it becomes pretendinous bands often.

The portion that bifurcates to each digit then becomes spiral

bands and traverses to the lateral sheets in the ulnar and radial

aspect of each digit which also coalesce and connect to the

coronally oriented perineurovascular fascial sheets named “Cle-

land’s and Grayson’s ligaments” which attach to the flexor

apparatus centrally and the dermis peripherally. Grayson’s liga-

ment is volar to the neurovascular bundle and can be involved

in Dupuytren’s disease, while Cleland’s ligament is dorsal and

not involved in the disease process. In the distal palm and

toward the digits, the spiral bands become dorsal and more

peripheral than the neurovascular bundle. In the diseased hand,

the bands become pathologic cords and thicken to become spi-

ral cords. The neurovascular bundles are then displaced cen-

trally and more superficial. These changes lead to cutaneous

pitting, MCP joint flexion contracture, and, sometimes, PIP joint

contracture as well (▶ Fig. 29.2; ▶ Fig. 29.3).

29.2 Treatment
Dupuytren’s disease does not predictably resolve or improve

with nonoperative treatments such as splinting, ointments,

creams, or therapy.4 Patient education is important for self-

monitoring for progression of deformity as it can be slowly pro-

gressive and painless. The “table top” test whereby a patient

attempts placement of his/her palm flush on a table is helpful.

Inability to perform this task can be associated with MCP joint

contracture of 30 to 40 degrees.4 Intervention is standardly rec-

ommended for MCP joint contracture of 40 degrees or more in

one digit, and if treating that digit, then contracture of other

digits may be considered even if deformity is only 20 to 30

degrees. PIP joint contracture is more difficult to improve and

some authors advocate for intervention in cases of any contrac-

ture; however, McFarlane recommends intervention only when

it is more than 30 degrees due to potential risk of actually wor-

sening the disease for interventions at lower degrees.

Fasciectomy is the most common surgical intervention in

which all the macroscopically diseased tissues are excised

(▶ Fig. 29.4).5,6,7 Recurrence rates range in the literature from

approximately 12 to 73% likely due to remaining microscopic

diseased tissue.2,3 It is difficult to interpret recurrence rates

in the literature due to lack of standard definitions for

recurrence.2,3,8 Limited open or percutaneous fasciotomy was

originally recommended for elderly or debilitated patients or

patients who cannot participate in appropriate postprocedure
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Fig. 29.2 Cutaneous pitting caused by fibrotic

cords in Dupuytren’s disease.

Fig. 29.1 (a) Thickening of the longitudinal bands with associated displacement of the neurovascular bundle. (1) Cleland’s ligament. (2) Longitudinal

bands of the finger. (3) Grayson’s ligament. (4) Proper palmar digital nerve. (5) Proper palmar digital artery. (6) Superficial transverse metacarpal

ligament (reflected). (7) Mediolateral ligament. (b) Formation of fibromatous band over the tendon sheath. (1) Grayson’s ligament. (2) Median band.

(c) Combined disorder with formation of fibromatous median and lateral bands and topographic displacement of the neurovascular bundle. (From

Pechlaner S, Hussl H, Kerschbaumer F. Atlas of Hand Surgery. Stuttgart, Germany: Georg Thieme Verlag; 2000)
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rehabilitation, as they were thought to provide smaller power

of correction. However, studies show percutaneous fasciotomy

to provide excellent improvement with upward of 72% of MCP

joint correction maintained over a 3- to 6-year follow-up period

in a series reviewed by Pess et al.8 PIP joint correction was less

well maintained in the long term in their series of more than

1,000 digits. They concluded that percutaneous needle fasciot-

omy was a safe intervention method but resulted in a larger

recurrence rate than open fasciectomy.9

Palmar skin management after surgery is treated in three

ways: direct closure, full thickness skin grafting, and open tech-

nique described by McCash allowing for skin closure by secon-

dary intention through a transverse incision at the mid-palmar

crease and then counter incision(s) in the digit(s) being

addressed. The biggest complication of primary closure is the

risk of postoperative hematoma and subsequent skin edge

necrosis. Various incision types can be used including the afore-

mentioned transverse incision as well as a midaxial longitudi-

nal incision which is closed by forming multiple Z-plasties at

the flexor creases or Bruner’s incisions with excellent exposure

(▶ Fig. 29.5). Recurrence necessitating revision surgery is chal-

lenging and fasciectomy is recommended. However, the risk of

neurovascular injury with devascularization of the digit must

be considered. This is at higher risk for recurrent surgery due to

the possibility of occult digital artery injury at the primary

operation which could have been compensated for by the con-

tralateral vessel. As such a new neurovascular injury could lead

to a devascularized digit. Some authors have advocated that

percutaneous fasciotomy technique can be utilized in the recur-

rent patient setting as well. Joint fusion may also be considered

in selective cases of the MCP and/or the PIP in settings of pain-

ful arthritis, deformity over 90 degrees, dysvascular digit, and

patient’s preference.10

In recent history, the newest and increasingly more popular

treatment for Dupuytren's cases is the collagenase injection,

Clostridium histolyticum (Xiaflex, Auxilium Pharmaceuticals).

The collagenase is injected directly into the palpable cord in an

office-based procedure and then typically between 24 and 48

hours after the injection, a finger extension manipulation is

performed in the office to correct the contracture. The patient

is fitted with an extension night time splint to wear for 2-4

months and with daily flexion exercises. The collagenase is

approved for both MCP and PIP contractures with an overall

recurrence rate (greater than 30 degrees worsening) at 5 year

follow up of 26% for MCP joints treated, and 46% of PIP joints

treated with an overall recurrence percentage of 47%. Also at 5

years, 16% of treated joints underwent secondary procedures

for re-correction of contracture and the most common of which

was surgical fasciectomy.11 Collagenase is a favorable option for

many Dupuytren's patients with the proper counseling of

recurrence rates and possible complications, the most common

of which are swelling and ecchymosis to the hand from the

injection followed by skin tearing after the manipulation which

is treated with simple dressing changes alone.12

Fig. 29.3 Underlying fibrotic process that causes cutaneous pitting and

flexion contracture.

Fig. 29.4 Open excisional fasciectomy with removal of the fibrous cord

causing contracture, while preserving the flexor mechanism and

neurovascular bundles.
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29.3 Postoperative Care
After surgical excision of the fascial bands, patients are splinted

in extension with forearm-based splints, which can be transi-

tioned to removable splints during the first postoperative week.

All fingers are splinted in extension to minimize web-space

contracture. Occupational therapy is initiated with passive and

active range-of-motion exercises for both flexion and extension

with passive extension stretching as well. By the second post-

operative week, the patients can be weaned to night splinting

while encouraging daily home exercises, but splinting usually

will last 3 to 6 months. In the case of the McCash technique,

patients are covered with a nonadherent dressing in the

immediate postoperative period followed by daily dry dressing

changes once motion is initiated at 1 week. Strengthening

is delayed to approximately 6 weeks in these patients, while

it can be initiated by 3 to 4 weeks postoperatively in other

techniques.

29.4 Outcomes
Studies show that greater initial correction and PIP joint correc-

tion (if applicable) correlate with improved results and hand

function at 6 and 12 months of follow-up.6,13 In a natural his-

tory study of patients presenting with nodular disease, Reilly

et al followed up 59 patients for 8 years with 30 of 59 patients

developing cords; however, only 5 patients meet the criteria for

surgical correction and only 3 of those 5 went on to surgery.10

The primary risk of open fasciectomy is digital artery and/or

nerve injury along with hematoma. Risks of percutaneous fas-

ciotomy include skin tears (approximately 3%) and higher

recurrence.7 Collagenase injections have risk of local skin injury

such as skin tears and blood blistering which has been reported

in up to 46% of patients. Patient education should be held by

the surgeon regarding various treatment options related to

recurrence rates and risks of intervention to make the surgical

decision a very personalized one for patients suffering from

Dupuytren’s disease.

29.5 Trigger Finger (Stenosing
Tenosynovitis)

29.5.1 Goals and Objectives
● To understand the pathoanatomy and types of trigger fingers.
● To understand the treatment algorithm for trigger finger

patients.
● To understand the surgical management and risks associated

with trigger release.

Fig. 29.5 The palmar aponeurosis is dissected to expose the contracted bands of the ring and little fingers. Care is taken to protect and preserve the

neurovascular structure supplying the skin. The longitudinal bands of the index and middle fingers are not affected in this illustration. (From Pechlaner

S, Hussl H, Kerschbaumer F. Atlas of Hand Surgery. Stuttgart, Germany: Georg Thieme Verlag; 2000)
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29.5.2 Patient Presentation

A typical presentation of a patient with trigger finger is

described: A 55-year-old woman with diabetes presents with 9

months of ring finger “catching” and “locking” which is increas-

ingly painful and negatively affecting her daily activities as well

as hobbies such as knitting.

29.6 Preparation for Surgery
Stenosing tenosynovitis, or trigger finger, comes in two vari-

eties—nodular and diffuse.14 The condition is more common in

women as well as in patients with diabetes and hypothyroid-

ism.4,15 The most commonly affected digits in order are ring,

thumb, index, middle, and little fingers.4,15 Diagnosis is made

by history and physical exam with no need for additional test-

ing. Evaluating the patient for ability to smoothly flex and

extend fully the digit in question while palpating over the MCP

joint of that digit will yield crepitus with possible tenderness in

the area as well. Additionally, the digit may catch or lock caus-

ing the need for forceful manipulation toward extension of the

digit while suddenly feeling a give way sensation.4,15 The teno-

synovitis occurs at the fulcrum leading edge of the A1 pulley

and causes metaplasia both of the pulley and the flexor tendon

with histologic changes similar to cartilage metaplasia.4 Nodu-

lar type is a focal inflammation while diffuse is less discrete.

The difference can be felt on physical exam with the nodular

type having a focally palpable nodule while not present focally

in the diffuse type.

29.7 Treatment
Trigger finger management depends on severity, length of

symptoms, and age. Several grading classifications have been

developed in order to guide treatment. Grade 0 is mild crepitus

in a digit without triggering, grade 1 is uneven movement of

the digit, grade 2 is a digit which clicks but does not lock, grade

3 is a locking digit, and grade 4 is a locked digit (▶Table 29.1).4

Initial nonoperative management includes nonsteroidal anti-

inflammatory medicines, ice, massage, avoidance of possible

inciting events based on the patient’s history, and splinting.16

Splinting should allow free PIP and DIP joint motion and leave

the MCP joint in either 0 degrees or up to 10 to 15 degrees of

flexion.17 Splinting may be necessary for up to 4 months.4

Grade 4 locked digits do not respond to these nonoperative

measures.

Corticosteroid injections may be used and have been used in

all grades of trigger finger.4,17,18 Betamethasone sodium phos-

phate and acetate suspension are commonly used, although all

types of corticosteroids have been reported. Betamethasone has

the benefit of being water soluble and has the potential for less

risk of fat necrosis.4 According to the treatment algorithm pro-

posed by Saldana, if the trigger finger has been present for less

than 6 months and grade 3 or lower, NSAIDs along with possi-

ble splinting, ice, and massage should be attempted.4,16 If not

resolved, then corticosteroid injections should be attempted up

to twice at 1-month recheck intervals.17,18 Effectiveness of cor-

ticosteroid injection has been reported to be approximately

70% overall with one study showing a 93% response in nodular

type compared to 48% response for diffuse type.19 If still unre-

solved, trigger finger release should be offered. In the case of

grade 4 digits, surgical release should be offered due to ineffec-

tiveness of nonoperative measures.4

29.8 Surgical Treatment
Open release of the A1 pulley is the standard surgical interven-

tion for trigger finger.4 This can be performed with a longitudi-

nal or transverse incision at the distal palmar crease and

generally under local anesthetic with a tourniquet (▶ Fig. 29.6).

The A1 pulley is identified, and radial and ulnar neurovascular

bundles protected, followed by longitudinal full release of the

A1 pulley taking care not to release the more distal A2 pulley.

The patient can then be asked to flex and extend the digit to

ensure full release.

Some authors have described a percutaneous release, which

can be performed in the office setting. Local anesthetic along

with corticosteroid is injected into the A1 pulley region of the

digit in question.17 A 20-gauge needle is inserted at the location

of midpoint of the A1 pulley which corresponds to one-third

the distance from the distal palmar crease to the digitopalmar

crease of the little, ring, and middle fingers.17 The index finger

landmark is one-third the distance from the thenar crease to

the index digitopalmar crease and the thumb entry site is

located at the midaxial point of the thumb digitopalmar

crease.17 The bevel of the needle is used to cut the pulley prox-

imally and distally until full release is obtained and the patient

has relief of the triggering.17 Complications of A1 pulley release

include digital nerve or artery injury, A2 pulley release, stiff-

ness, continued triggering, and painful scar.19,20 Percutaneous

release is thought to have an increased risk of neurovascular

injury; however, none reported to date.17 Without the use of

corticosteroid along with local anesthetic, several postproce-

dure months of painful digit flexion were reported in one

series.17

29.9 Postoperative Care
Patients can be placed in a soft dressing with immediate motion

exercises. In the case of open release, full use of the hand can be

recommended once the sutures are removed and the patients

can work on scar massage. Patients undergoing percutaneous

release may begin full use of the hand 1 day after the procedure

without restrictions.

29.9.1 Outcomes

With full release of the A1 pulley, no recurrence should be

expected in that digit. Patients may develop symptoms in other

digits of the same or contralateral hand. The recurrence rate of

Table 29.1 Trigger finger grading

Grade Features of affected digit

0 Mild crepitus without triggering

1 Uneven movement

2 Clicking without locking

3 Locking

4 Locked
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Fig. 29.6 (a) Complete decompression is achieved by excising a 2-mm-wide strip from the midline of the A1 pulley (dashed line) using microsurgical

technique. (b) In the presence of tenosynovitis of the flexor tendon, the pulley is incised and the swollen synovial membrane resected. (c) Normally,

excision of a strip from the midline of the pulley with microscopic scissors will be sufficient, and a synovectomy of the flexor tendon is not preformed.

(d) If, after decompression, complete passive extension of the finger can be achieved without snapping, then an effort should be made to preserve the

distal portion of the A1 pulley. The tendon should be explored with a tendon retractor prior to closure. (From Pechlaner S, Hussl H, Kerschbaumer F.

Atlas of Hand Surgery. Stuttgart, Germany: Georg Thieme Verlag; 2000)
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trigger finger release was 0% in a prospective study of 78

trigger digits and 0.3% in a large retrospective review of approx-

imately 1,600 digits.20 The rates of digits having any adverse

event, which most commonly was postoperative pain or

slow recovery treated with injections and therapy, respectively,

have been shown to be between 5 and 28%. Percutaneous

release success rate was found to be 94% by Zhao et al in a

meta-analysis in 2014.17

29.10 Review Questions

29.10.1 Fill in the Correct Answer

1. What patient population is Dupuytren’s disease most

common in and what is the pathoanatomy of disease?

2. What are the treatment indications for Dupuytren’s

patients and what are the surgical technique options for

fasciectomy?

3. What are the primary complications and recurrence rates for

Dupuytren’s surgery?

4. What are the recurrence rates with collagenase botulinum

histolyticum use in Dupuytren’s disease?

5. What patients benefit from open trigger finger release and

what is the success rate of percutaneous release?

29.10.2 Answers

1. Dupuytren’s disease is most common in males over the age

of 40 years and of Scandinavian descent with the

pathoanatomy being transition of pathologic cords from the

normal bands in the palmar fascia causing contracture of the

MCP and sometimes the PIP joints.

2. MCP joint contracture over 30 degrees or PIP joint

contracture. Surgical techniques for open fasciectomy

include primary closure, full-thickness skin grafting, and the

McCash open palm technique.

3. Primary complications include wound healing (20%) and

digital artery/nerve injury (3%).

4. Recurrence rates using collagenase botulinum histolyticum

for Dupuytren’s disease has been reported from 20 to 100%

across the literature.

5. Patients with grade 3 triggering or above benefit from open

trigger finger release if failing corticosteroid injections (two

injection attempts) with success rates of nearly 100%.

Percutaneous release results range from 48 to 94% in the

literature.17,21
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30 Breast Reduction
Rukmini S. Rednam and Bruce A. Mast

Abstract

This chapter surveys the anatomy of the breast and covers the

matter of breast reduction surgery. The reasons—physical, emo-

tional, reconstructive, aesthetic, etc.—why women of all ages

wish to have their breast size reduced vary greatly. Surgical

options are varied and the one selected should correspond to

the patient’s morphology, nipple placement, previous surgeries,

and goals, as well as to the surgeon’s comfort level, training,

and experience. The five key steps common to all breast reduc-

tion techniques are listed and recommended surgical options

and procedures (e.g., liposuction, Wise pattern reduction,

vertical reduction, etc.) are discussed in detail. The chapter

concludes with suggestions for postoperative care and an

enumeration of possible complications.

Keywords: macromastia, parenchyma, liposuction, Wise pattern

reduction, short scar periareolar inferior pedicle reduction,

Benelli-type circumareolar reduction, superomedial pedicle

with inverted T-scar pattern

30.1 Goals and Objectives
● Understand and describe the anatomy of the breast as it

relates to breast reduction surgery.
● Understand the proper evaluation of a patient considering

breast reduction surgery.
● Clearly define the indications for breast imaging prior to

breast reduction surgery.
● Describe the incidence of invasive breast cancer in surgical

specimens.
● Have an understanding of the basic techniques available to

treat a patient with macromastia and which patients are best

suited for a particular technique.
● Be able to identify and treat the common early and late

complications associated with breast reduction surgery.

30.2 Patient Presentation
Women seeking out breast reduction surgery can vary from

adolescents to the elderly. Although these patients are from dif-

ferent backgrounds, age groups and body shapes, they consis-

tently present with a similar constellation of symptoms. These

symptoms include upper back pain, neck pain, headaches, infra-

mammary intertrigo, difficulty with physical activities, painful

bra strap grooving, dissatisfaction with breast appearance, poor

sexual well-being, emotional distress, and, though less com-

mon, ulnar paresthesias due to pressure on the brachial plexus.

Most patients present for evaluation based on referral from

their individual primary care physicians. Though they are

physician referred, not all women are candidates for breast

reduction surgery due to their current health status, smoking

status, or medical history. As such, upon initial presentation, a

thorough medical history (including pregnancy, and ability and

desire to breastfeed) and examination of pertinent systems is

necessary. Specific attention should be given to addressing

comorbidities such as diabetes, obesity, and nicotine abuse that

can all impair normal wound healing. Any use of antiplatelet

and anticoagulant medications should be investigated to deter-

mine the exact cause for need of the medication and its impli-

cations for the surgery. Personal or family history of breast

masses, breast cancer, abnormal mammograms, nipple sensory

changes, and current oral contraceptive or hormone replace-

ment therapy should be noted. The patient’s current bra size

should be recorded as well as her ideal cup size.

Concerning the adolescent population, emotional distress

due to peer pressure, or ridicule from others should be delved

into as it can be a driving factor for desiring surgery. This can be

a significant issue which can lead to stunted social development

at an important time in a young woman’s life and alone can jus-

tify undergoing the procedure.1

The physical assessment includes height, weight, and calcula-

tion of body mass index (BMI; weight in kilogram/height in

meter squared). A full breast exam is performed looking specifi-

cally for (1) symmetry of the breast and nipple–areola complex,

(2) tissue quality, (3) degree of ptosis, (4) presence of masses in

the breasts or axilla, (5) position of inframammary fold and

changes to the skin in the fold (intertrigo), and (6) presence of

shoulder grooving. The manual exam should be done in supine

position with the remainder of the exam in the upright position

with arms placed at sides. Standard measurements should also

be taken measuring the sternal notch to nipple distance and

nipple to inframammary fold distance bilaterally. Many other

measurements can be helpful depending on surgeon’s prefer-

ence (▶ Fig. 30.1).

Understanding anatomy of the breast is key for both evalua-

tion and treatment of macromastia. Especially important is a

familiarity with the blood and nerve supply to the nipple–are-

ola complex. Sensation to the complex comes from the lateral

Fig. 30.1 Sample patient evaluation. A: shoulder strap grooving; B:

supraclavicular notch to nipple distance; C: inframmary fold to nipple

distance. C also indicates new nipple position.
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and medial cutaneous branches of the intercostal nerves T3, T4,

and T5. The lateral branches exit chest wall at the midaxillary

line and travel medially along the pectoralis major fascia termi-

nating in the breast skin and nipple–areola complex. Sensation

to the upper breast is provided by the lower cervical plexus.2

The blood supply is based on musculocutaneous perforators

from the internal mammary, anterolateral intercostal and

anteromedial intercostal, and fasciocutaneous perforators from

the lateral mammary branches of the long thoracic artery

(▶ Fig. 30.2). All of these vessels interdigitate and are present in

all four quadrants of the nipple–areola complex forming a

dense subdermal plexus. This is important as it allows many

different pedicles to be created while still allowing the nip-

ple–areola complex to thrive. Factors such as radiation,

smoking, and previous surgery can alter the normal blood

flow of the breast and result in necrosis if they are not

taken into consideration. Coopers suspensory ligaments are

the connective tissue support of the breast and course

through the parenchyma to attach to the overlying dermis.

These attachments can become lax due to pregnancy, signifi-

cant weight gain, smoking, and aging, which results in

increased breast mobility and ptosis.3

30.3 Preparation for Surgery
Photographic documentation of the patient’s preoperative

appearance is important to obtain during the preoperative con-

sultation. The photos serve as a permanent part of the medical

record for patient reference when needed, and also are required

for any cases submitted through insurance. The photos should

frame the patient from the neck down to just below the lowest

level of the breast and from just outside each arm. All jewelry

should be removed and hair should be swept back or put up.

Three views are sufficient including a frontal view and two lat-

eral views. A three-quarter photo, one with hands over the

head and one exposing the inframammary fold, can be benefi-

cial as well for documentation purposes (▶ Fig. 30.3).

Diagnostic data in preparation for surgery would be similar

for other elective major procedures and would be dependent

on age, presence of comorbidities, as well as requirements of

the surgical center in which the procedure will be performed. If

per history there is reason to suspect preoperative anemia, a

hemoglobin and hematocrit are obtained. Cardiac workup is

dependent on patient age, history, and the facility in which

the procedure is being done. In general, if an electrocardiogram

is abnormal, internal medicine or cardiology clearance is

mandatory. Breast reduction surgery can safely be done in an

outpatient setting; however, patients with multiple medical

comorbidities or difficulty with anesthesia may require an

inpatient setting.

Deep vein thrombosis screening and appropriate prophylaxis

should be undertaken. Using a model such as the Caprini Risk

Assessment score was found to be effective for stratifying plas-

tic and reconstructive surgery patients for venous throm-

boembolism risk.4 Regardless of risk score, all patients should

have pneumatic compression devices placed. While there is no

consensus at present for perioperative chemoprophylaxis for

many plastic surgery procedures, operative times greater than

2 hours can increase the risk despite the type of surgery.5 As

breast reduction surgery is elective, patients who fall into the

highest risk category should only be operated on with extreme

caution. Data are still lacking determining the safety profile,

specifically incidence of hematomas, for use of chemoprophy-

laxis at this time. The authors’ preference is 40mg subcutane-

ous unfractionated heparin in the preoperative holding area for

most breast reduction patients with pneumatic compression

devices placed prior to and functioning before induction in

order for them to be effective.

All patients should be screened for tobacco use, including cig-

arettes, chew and vapors. For each cigarette, the peripheral

blood supply is diminished for up to 90minutes. The direct link

between smoking and delayed wound healing represents an

unfavorable shift of the risk-to-benefit ratio for breast reduc-

tion such that it should be avoided if possible.6 Recommenda-

tions vary for smoking cessation prior to surgery from 2 to 4

weeks depending on surgeon’s preference. If needed patients

should be referred to smoking cessation programs to help

ensure their success. If there is any question whether the pa-

tient has abstained from nicotine, a urine cotinine test may

easily be obtained in the preoperative area.

Fig. 30.2 Illustration of the blood supply to the

nipple–areola complex.
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A common question from patients concerns insurance cover-

age of breast reduction surgery. Most insurance plans require a

predetermination. This may simply require the plastic surgeon’s

office notes documenting a detailed history of the patient’s

symptoms and assessment of severity from the plastic surgeon,

but may also require photographs, and documentation from a

primary care physician describing the symptoms the patient

has experienced and conservative measures taken and failed.

Conservative measures generally include physical therapy, chi-

ropractic treatment, ointments, powders, anti-inflammatory

medications, and any other modifications made to treat the

symptoms. An estimated weight of resection is made based on

experience. Many insurance companies have adopted charts

based on body surface area to estimate total resection need for

coverage. These should be used as a guide, but the patient’s ulti-

mate goals should be taken into consideration if there is any

conflict with the amount of tissue needed to be resected for

insurance approval. This is best handled talking directly with

the patient about the situation in order to move forward.

Whether or not insurance is involved, an estimated breast

resection volume should always be documented prior to sur-

gery for your reference and for medical record.

It is generally agreed that the same recommendations for

screening mammography should be followed for preoperative

workup for breast reduction. The American Cancer Society rec-

ommends that all women over the age of 40 years obtain yearly

mammograms for so long as they are in good health.7 Among

women younger than 40 years, evidence supports use of the

screening mammography for only those considered high risk

for breast cancer.8 As a result of breast reduction surgery, the

breast parenchyma develops scarring and possible calcifications

that may be seen on future mammograms. As such a mammo-

gram prior to surgery in the above appropriate patients is rec-

ommended to rule out abnormal findings. Patients should also

be informed that a baseline mammogram will be obtained 6

months after surgery to serve as a baseline study for compari-

son with future mammograms.

30.4 Treatment

30.4.1 Options and Indications

Indications for breast reduction surgery are straightforward

for the most part. If a woman presents with a majority of the

constellation of symptoms—macromastia with upper back pain,

neck pain, headaches, bra strap grooving, and recurrent inter-

trigo of the inframammary fold—then she should benefit from a

breast reduction.

Many procedural options are available for breast reduction

and should be based on the patient’s morphology, nipple place-

ment, previous surgeries, goals, and very importantly upon sur-

geon’s comfort level, training, and expertise with certain

techniques. Many different reduction techniques can yield

excellent aesthetic results with symptom relief. All described

procedures are based on pedicles designed to support a viable,

sensate nipple while allowing resection and reshaping of the

breast parenchyma. The only two techniques that are an excep-

tion to this are liposuction only and breast reduction tech-

niques involving free nipple grafting.

No matter the technique, five key steps are present in all: (1)

Design a pedicle in order to keep the nipple–areola complex

viable. (2) Decide how much and from where you will excise

breast parenchyma. (3) Plan your skin access incisions. (4)

Shape the remaining breast parenchyma. (5) Remove any excess

skin. In order to reduce intraoperative blood loss, dilute epi-

nephrine containing solution should be injected into the breast

in all areas except the designed pedicle. The safety and efficacy

of using epinephrine and tumescent solution in breast reduc-

tion has previously been reported.9

All patients should be marked in the preoperative holding area

with patient sitting completely upright or in the standing position

with shoulders even and rolled back and the face looking

straightforward. No matter which technique is used, key markings

should be placed on the sternal midline, breast meridians, infra-

mammary fold, and desired position for the nipple–areola com-

plex. The nipple–areola complex position is most often marked in

the breast meridian at the level of the inframammary fold. This

position can be adjusted intraoperatively after completion of

breast shaping, if needed. A dire pitfall is marking the nipple–are-

ola complex too high on the breast making it visible in a demi-

cup bra or bathing suit. Should this occur, fixing the problem

afterward can be almost impossible and should be avoided at all

costs. Ideally the nipple–areola complex should sit at the area of

most prominent projection of the breast. Keep in mind for verti-

cal procedures that it should be placed somewhat lower to

accommodate for the increased projection. If any uncertainty

exists for placement of the nipple–areola complex, it is better to

err on placing it slightly lower (▶Fig. 30.4).

Fig. 30.3 Standard preoperative views for breast reduction. (a,b) Lateral breast views with field including from the neck to below the breast and from

just in front of the farthest projection of the breast to behind the back with the arm just slightly posterior. (c) Frontal view with field including from the

neck to just below the breasts and extending to either side of the arms.

Breast
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30.5 Surgery Procedures
Whether done as an outpatient or inpatient, reduction mam-

moplasty is mainly performed under general anesthesia.

Despite the use of local anesthesia, for full patient comfort gen-

eral anesthesia or deep total intravenous anesthesia is pre-

ferred. The patient is placed supine on the operating room table

with both arms placed on arm boards and wrapped with pad-

ding beneath the elbows. It is very important to make sure the

patient is centered and her shoulders are even on the operating

table. Overlooking this simple detail can lead to asymmetric

results. A single intravenous dose of a first-generation cephalo-

sporin or clindamycin (penicillin-allergic patients) should be

administered prior to the incision.10 Evidence at this time

supports the use of a single dose of perioperative intravenous

antibiotic. However this is not common practice currently

with more than 50% of plastic surgeons in the United States

prescribing more than 1 day of antibiotics for breast reduction

surgery.11

After completion of the nipple–areola marking and delineat-

ing the pedicle, a wetting solution of 0.01% lidocaine with

1:1,000,000 epinephrine is then infiltrated into the breast

parenchyma along the incision lines avoiding the parenchyma

of the pedicle. Tumescent fluid is injected in a subdermal,

wheel-like fashion within the pedicle to facilitate de-epitheliali-

zation of the skin overlying the pedicle. Any number of

epinephrine-containing solutions can be used based on sur-

geon’s preference.

30.5.1 Surgical Options

Multiple methods for breast reduction have been described.

Varying skin resection patterns and varying vascular pedicles

for the nipple complex exist, each with potential advantages

and disadvantages (▶Table 30.1). The most common methods

will be reviewed, with a detailed description of the authors’

favored method: extended superomedial pedicle combined

with the inverted T scar pattern.

Fig. 30.4 Schematic of the Wise pattern markings, left breast. The

areola inset is drawn around the nipple position which is marked at the

meridian of the breast (dashed line) at the level of the inframammary

fold while the patient is upright. The vertical limbs are identical in

length typically 5 to 6 cm in length from the base of the areolar inset.

The horizontally oriented lines emanating from the vertical lines (B and

D) should be about the same distance of the corresponding length of

incision line along the inframammary fold (C and E, respectively). This

assures appropriate horizontal skin removal and proper alignment of

the skin flaps. Lateral lines D and E are often longer than the medial

lines due to greater excess of lateral breast tissue. The larger the

breast, the greater the divergence of the vertical (A) incision lines.

Table 30.1 Guidelines for choosing Breast Reduction Approach

Skin excision pattern and scar appearance

Breast characteristic Liposuction Wise-pattern Vertical Periareolar

Size

<500 g

500-100 g

>1000 g

x

x

x

x

x

x

x

x

x

Skin elasticity

Normal

Inelastic

x x

x

x

x

x

Skin excess

Minimal

Moderate

Massive

x x

x

x

x

x

x

x

Parenchyma

Firm and Fibrous

Soft and fatty x

x

x

x

x

x

Skin - Parenchyma relationship

Firmly adherent

Loosely adherent x

x

x x x

Surgery Procedures
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30.5.2 General Principles

The most common patterns for breast reduction are the vertical

and Wise (inverted T) patterns. With either pattern, multiple

pedicle options are available. Less common but also an option is

the circumareolar pattern which works for a select population

but has more limited access to the breast parenchyma with lim-

ited pedicle choices. No one approach will fit all patients such

that it is up to the surgeon’s expertise and experience to decide

which will be best suited for a patient. Breast shape is three-

dimensional and when planning a breast reduction, this must

always be kept in mind. Curvilinear incisions are preferred ver-

sus straight incisions in order to maintain a natural breast

shape. Medial and upper breast tissue should be preserved as it

is desirable in this location. The majority of resected breast tis-

sue will come from the lower and lateral breast parenchyma.

Depending on the technique, tissue may be removed from a

desirable area; but as long as the breast shaping takes this into

consideration and provides volumes to fill these areas the result

will still be excellent. Skin plays little role in maintaining the

breast shape in the long term and should be kept in mind when

shaping the parenchyma.

30.5.3 Liposuction

This technique can be used in a specific population of patients

to yield results. It relies on skin elasticity and retraction since

no skin is resected and only fatty tissue is removed. It is good

for women with mild volume excess with normal skin elasticity

and mild ptosis, at most, who have a well-positioned nipple–

areola complex at the apex of the breast. Tumescent fluid is

injected into the breast and the inferior and lateral border of

the breast are liposuctioned to reduce the fatty volume of the

breast. The medial and superior poles are avoided to preserve

the breast volume in those desirable locations. Liposuction only

may also be the best option for a medically compromised pa-

tient, as it has a high safety index and a short operating room

time compared to open techniques. This procedure can be used

in those with greater degrees of ptosis or skin redundancy but

will cause the breast to appear deflated with likely increased

ptosis after surgery. Liposuction is not appropriate for adoles-

cents and young adults, as their breasts are more fibrous and

have little adipose tissue. But, for the rare patient who desires

volume reduction for symptoms but is not worried about the

skin excess or ptosis, liposuction may be a good option. Also in

patients who present for secondary reduction with an

unknown pedicle liposuction with skin only retailoring may be

a safe and effective option.

30.5.4 The Wise Pattern Reduction

The Wise pattern refers to the inverted T scar pattern. The

resultant scars are around the nipple–areola complex, vertically

down to the inframammary fold and horizontally within the

inframammary fold, oftentimes extending laterally onto the

flank. This technique resects skin from the lateral, medial, and

inferior aspects of the breast leaving the classic “anchor” scar. It

is well established and can produce predictable, reproducible

results in women of all breast sizes and types. The Wise

pattern, combined with an inferior pedicle, is the most popular

breast reduction technique performed in the United States

(▶ Fig. 30.4). 12 However, multiple pedicles (medial, lateral, infe-

rior, central, etc.) can be designed using this skin pattern. The

inferior and central pedicle techniques create large skin flaps

which are then wrapped around the designed pedicle. While

the technique has the benefit of an easy learning curve and can

be used on any volume of breast tissue, shape is largely deter-

mined by the skin envelope, therefore a substantial risk of bot-

toming out and pseudoptosis development over time due to

overreliance on skin for shape. This medial and lateral pedicle

technique creates minimal to no skin undermining and the

shape is dependent on the parenchymal pillars. As such, the

shape of the breast is maintained over a longer period of time.

The inferior dermoglandular pedicle is most commonly used

with the Wise pattern and the nipple–areola complex obtains

its blood supply from the perforators within the pedicle. Breast

parenchyma is excised from the medial, superior, and lateral

portions of the gland. Skin excess is removed horizontally from

the lower poles and vertically from the central breast. The clas-

sic McKissock method retains a dermoglandular pedicle supe-

rior and inferior to the nipple complex. The superior pedicle is

imbricated for nipple complex transposition and inset.

(▶ Fig. 30.5). A major disadvantage of a true inferior pedicle is

its reliance on the skin to completely hold the shape, even if

some surgical shaping is done to the pedicle. However, a cen-

tral/inferior pedicle can be shaped and pexied to the chest wall

such that the long-term shape of the breast is less dependent

on the overlying skin. This remains a good choice for women

with very large breast reductions and women after massive

weight loss.

The medial and superomedial pedicle technique resects tis-

sue from the inferior poles of the breast leaving breast paren-

chyma medially and laterally untouched. A small portion of the

lateral upper pole is resected, but the volume is replaced with

rotation of the pedicle. This can be done with a vertical or the

Wise pattern skin excision. This is a reproducible technique that

requires almost no undermining. Unlike the inferior pedicle,

medial and lateral pillars are created and the pedicle can be

placed in an advantageous position for upper pole volume and

shaping. This pedicle can be thinned as needed in order to

rotate it into a new position while still preserving its vascular-

ity. The medial and lateral breast pillars are approximated cre-

ating breast form and projection without reliance on the

overlying skin for shaping (▶ Fig. 30.6; ▶ Fig. 30.7; ▶ Fig. 30.8;

▶ Fig. 30.9).

30.5.5 Vertical Reduction

With a vertical reduction, there is a scar around the nipple–are-

ola complex and a vertical scar and minimal to no inframam-

mary fold incision. The technique was initially described and

popularized using a thinned superior pedicle for the nipple–

areola complex, while the majority of excess tissue is removed

from the inferior pole of the breast, as well as posterior to the

nipple complex. However, medial, lateral, and inferior pedicles

can still be designed with this technique. A medial pedicle pro-

vides for excellent upper pole volume and preserves sensation

very well, though it has a higher incidence of nipple necrosis,

especially in obese women.13 Vertical reduction techniques are

best suited for smaller reductions with minimal to moderate
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Fig. 30.5 The Mckissock reduction mammoplasty technique. (a) A vertical bipedicled dermal flap is marked. (b) De-epithelialization of the bipedicled

flap. (c) After periareolar de-epithelialization of the bipedicled flap, resection of the lateral tissue blocks is performed. (d) Tissue resection behind the

bipedicled flap and in the superior portion of the breast. (e,f) Transposition of the nipple on the vertical skin flap to its new site and uniting the lateral

and medial portions of the breast over the inferior portion of the nipple flap. (Used with permission from Gabka CJ, Bohmert H. Plastic and

Reconstructive Surgery of the Breast, 2nd ed. New York, NY: Thieme; 2009:fig. 4.11, 59.)

Fig. 30.6 Left breast demonstrating the medial

aspect of the inverted T or Wise pattern markings

with the patient supine and the breast lateralized

naturally by its weight. The meridian line of the

breast when upright is continued at the

inframammary fold to orient the placement of

the inverted T. Also the length of the

inframammary incision line medial to the

meridian is the same as the medial horizontal

incision line.
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skin excess, with the majority of excess skin removed via the

vertical incisions. When marking the vertical limb, the line

should stop anywhere from 2 to 6 cm above the inframammary

fold. In women with longer nipple to inframammary fold dis-

tances (> 15–18 cm), the vertical excision is extended into the

inframammary fold as a J, L, or T excision. It is important to note

that the curvilinear incision will become longer than marked

with vertical closure and that with healing this will cause the

inframammary fold to be elevated. Stopping prior to the infra-

mammary fold will help eliminate an unnatural central fold ele-

vation. This technique is excellent for preserving the breast

projection and shape and has the added benefit of less scar bur-

den. It is the most commonly used short scar technique in the

United States and can make the operative time less. However,

the vertical reduction technique does have a steeper learning

curve and the initial appearance on the operating room

table can seem somewhat distorted and requires a longer

time for the breast tissue to settle and reveal the final result.

There is a higher revision rate recorded with this technique

concerning the puckering at the inferior end of the incision, but

these results may be skewed as many surgeons do not revise

dog ears after a Wise pattern, though technically it is a similar

scar issue.

30.5.6 Short Scar Periareolar Inferior
Pedicle Reduction

With a short scar periareolar inferior pedicle reduction (SPAIR)

technique, an inferior pedicle is created and excess tissue is

removed similar to any other inferior pedicle technique. Excess

skin is removed using a circumvertical pattern where the peri-

areolar incision is larger than the areolar incision and the infe-

rior end of the vertical segment courses laterally along the fold

as needed. Shaping is limited to suturing the distal part of the

pedicle to the upper pole to create fullness. This inferior pedicle

Fig. 30.7 The extended superior medial pedicle is

marked, extending inferomedially to preserve

medial tissue for retained fullness.

Fig. 30.8 The pedicle is de-epithelialized and the

excess tissue is resected, mostly inferomedially,

and inferolaterally. No skin undermining is

created.
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is a design most plastic surgeons are very familiar with and can

be used on all breast volumes depending on the skin excess

required. This technique does not disrupt the inframammary

fold which allows a more rounded natural shape than the Wise

pattern inferior pedicle and decreases the potential for bottom-

ing out. It is, however, very technically demanding and requires

accurate flap dissection with very little room for error. The skin

envelope tailoring has a steep learning curve and a very large

reduction with major skin excess may not provide an accept-

able appearance to the periareolar scar.

30.5.7 Benelli-Type Circumareolar
Reduction

With this technique, a periareolar donut skin excision is per-

formed, a central mound is preserved and the surrounding

breast tissue is excised. The final scar is only periareolar and is

closed in a purse string fashion to avoid scar widening. This

technique is best for mild to moderate reductions (200–300 g)

with up to a 3-cm circumareolar reduction. It is not used very

often in the United States due the volume limitations. For the

appropriate patient, it can shape the breast nicely with minimal

scarring, but it can create a flattened-appearing breast and

unaesthetic scarring and pleating if used for patients with

larger reductions.

30.5.8 Breast Reduction and Free Nipple
Grafts

This technique of reduction may be used for very large volume

reductions (> 2,000 g) and severe ptosis with long nipple to

suprasternal notch distances. With extremely ptotic, large

breasts, a reliable pedicle cannot always be preserved and

nipple–areola complex viability cannot be assured. In these si-

tuations, a central/inferior pedicle with a Wise pattern can be

designed and the nipple viability can be assessed intraopera-

tively. Should there be any concern for nipple ischemia, the nip-

ple–areola complex can be removed, defatted, the dermis

thinned, and placed as a free nipple graft. Another more tradi-

tional option is amputation of the lower pole of the breast for a

horizontal closure and then free nipple grafting. The full-thick-

ness graft is placed on a de-epithelialized portion of the

remaining breast flap at the point of maximal projection of the

breast. This is a good option for nipple preservation in heavy

smokers, but with this technique you are sacrificing some of

the aesthetic benefits of other techniques. But, from a safety

standpoint and for nipple preservation, it is the best choice for

some women. Free nipple grafts are associated with partial pig-

ment loss, nipple projection loss, and sensory loss. The pigment

loss can be permanent and will be most obvious and unaes-

thetic in darkly pigmented patients.

Fig. 30.9 (a) The pedicled nipple complex is rotated into position. (b) The vertical incision has been approximated and the medial and lateral breast

pillars are positioned to maximize breast shape and projection. A monofilament suture is being passed through the parenchyma of the medial pillar.

(c) The suture is being passed through the lateral pillar. (d) The pillars are sutured together providing structural support of the breast mound.
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30.5.9 Detailed Description of
Superomedial Pedicle with Inverted T
Scar Pattern

The senior author’s (BAM) favored method for most women is

an extended superomedial pedicle with an inverted T scar skin

pattern as depicted in ▶ Fig. 30.5, ▶ Fig. 30.6, ▶ Fig. 30.7,

▶ Fig. 30.8, ▶ Fig. 30.9. The procedure begins with skin mark-

ings similar to all reductions with the patient in the upright

position (▶ Fig. 30.4). The areola inset is drawn around the nip-

ple position which is marked at the meridian of the breast at

the level of the inframammary fold while the patient is upright.

The vertical limbs are identical in length from the base of the

areolar inset, typically 5 to 6 cm. They diverge inferiorly to the

extent necessary to remove the excess horizontal skin as judged

by retracting the breast medially and laterally. Horizontally ori-

ented incision lines emanating from the bases of vertical lines

are brought out medially and laterally to meet the inframam-

mary fold incision lines, respectively. Laterally, the incision line

may extend onto the lateral chest wall if needed for contouring.

The horizontal incision lines should be about the same distance

of the corresponding length of incision line along the infra-

mammary fold. This assures appropriate horizontal skin

removal and proper alignment of the skin flaps.

The breast is allowed to lie neutrally on the chest wall and

the pedicle is marked beginning at the 12 o’clock position of

the areola inset, curving around the areola border and ending

at the medial end of the IMF. The medial extension preserves

soft tissue for medial fullness. The areola diameter is marked at

38 to 42mm and infiltration with dilute epinephrine solution is

done. The pedicle is de-epithelialized after which the infra-

mammary incision is created and brought down to the muscu-

lar fascia. An incision is then made at the borders of the de-

epithelialized pedicle and carried down to the chest wall with-

out undercutting the pedicle. The lateral vertical and horizontal

incision lines are made and carried straight down to the chest

wall. The tissue is then removed en block starting medially and

extending laterally. Superolaterally, modest tissue resection is

also done to accommodate the pedicle that will be transposed.

This leaves a broad superomedial pedicled nipple complex, and

no undermined skin flaps.

The areolar complex is then inset superiorly after rotating

into position (▶ Fig. 30.9a). The medial and lateral breast paren-

chymal pillars are approximated with monofilament absorbable

suture in a manner that maximizes projection and shape

(▶ Fig. 30.9b–d). The skin is then approximated in the standard

manner.

30.6 Postoperative Care
Drains: The overall evidence supports not using drains for

breast reduction surgery, though almost 50% of plastic surgeons

in the United States always use drains with this procedure.

Drain placement is not benign and is a cause of significant dis-

comfort for patients. While there may be instances where a

drain may be of benefit, level I evidence suggests routine use of

drains provides no benefit.14

Dressings: This varies among plastic surgeons. While some

use paper tape, others use Dermabond and still others place

nothing over the incisions. It seems universally accepted that a

soft surgical bra should be used for support. In general, no

underwire is used for a minimum of 6 weeks after surgery and

a front zip sports bra can be used for months until a regular bra

can comfortably be worn without causing any pressure or red-

ness on the breast or scars.

Pain control: Most surgeons will prescribe narcotic pain med-

ication for at least the first week after surgery. Intercostal

blocks can provide additional pain control in the postoperative

period and decrease the need for narcotic medication.

Activity restrictions: Similar to other body and breast contour-

ing procedures, the patient should gradually resume normal

activity. Restrictions on heavy physical activity are generally for

the first 6 weeks. For women who work in a sedentary office set-

ting returning to work in 1 to 2 weeks is a reasonable goal. For

those with more active jobs that require physical work 3 to 4

weeks is more appropriate. Though jogging and heavy exercise is

limited until 6 weeks, ambulating is encouraged from day 1, and

light exercise is encouraged staring at 2 to 3 weeks.

Follow-up: Patients ideally should be seen within 24 to 48

hours of surgery in order to evaluate for hematoma and any

skin flap or nipple compromise. Weekly or every 2-week visits

should follow the initial postoperative visit until 6 weeks. At

that point, a follow-up should be scheduled for 3, 6, and 12

months in order to see the patient’s final results and monitor

her progress.

30.7 Outcomes
In the immediate postoperative period, the main complications

encountered are hematoma, infection, wound healing issues,

and nipple–areola loss. Hematoma occurs within hours after

surgery but can present at up to 2 weeks after. Usually the pa-

tient complains of unilateral pain, tightness, swelling, discolora-

tion, and excessive bloody output from either a drain or from

the incisions. Hematoma may be difficult to detect early in its

formation due to the normal postoperative swelling of the

breast and newly created dead space combined with breast dis-

tensibility. A significant hematoma should be drained in the

operating room at the time of diagnosis so that any ongoing

bleeding can be controlled and all blood clots can be evacuated.

Leaving a large hematoma without associated skin or nipple

compromise to resolve on its own is not recommended. Such

action (or lack thereof) can lead to spontaneous drainage of

liquefied hematoma, large seroma, open wound, abscess, fibro-

sis, undesirable scarring, and breast shape irregularity.

Deep infections are rare, but cellulitis can occur and present

with erythema, fevers, increased pain, and drainage. Small

localized infections are not uncommon and most often present

at the T point on a Wise pattern reduction. Oral antibiotics with

local wound care will resolve the majority of these infections.

Rarely an incision and drainage is required.

Wound healing issues and skin flap necrosis can occur for a

number of reasons and can be very problematic. Areas of wound

healing impairment are often due to excess tension on either the

breast parenchyma or skin in the absence of infection. Again this

is most common at the inverted T point on a Wise pattern

reduction. Skin flap necrosis can be due to over dissection leav-

ing thin flaps, excessive tension due to tight closure, pressure

necrosis due to dressings or hematoma, or secondary to nicotine
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use. Complication data have revealed that increasing resection

weight also correlates with increased risk of complications.

Delayed wound healing is directly linked with increased resec-

tion weight and inversely with increasing age.8 For small areas of

skin necrosis, local wound care will generally aid in healing but

may result in a wider scar due to secondary healing. Often anti-

biotic ointment with dry dressings is sufficient. Larger areas may

require operative debridement and closure.

It has been well demonstrated that there is a direct link

between a decrease in safety and increase in BMI. Kerrigan and

Slezak analyzed the American Board of Plastic surgery MOC

data on breast reductions and found that weight of resection

was a significant predictor of adverse events and increased

complications were present with increasing weight of resec-

tion. They also found that patients with class I, II, and III obesity

also had a significant higher occurrence of adverse events.8 As

such a patient with a BMI of 30 or less would have the lowest

risk of additional adverse events. However, for some women

this is difficult as one of the reasons they are unable to exercise

and lose weight is due to their large breast size. Therefore, BMI

should be assessed within the context of the individual patient

and considered as part of the risk–benefit analysis.

Nipple–areola complex loss is one of the most serious com-

plications that can occur and can be devastating to the patient.

It is often accompanied by underlying fat necrosis of the distal

end of the pedicle due to insufficient blood supply. This compli-

cation should occur rarely if proper patient and procedure

selection is done.15 If after complete closure the nipple–areola

complex looks compromised, all surrounding sutures should be

released to see if blood flow returns. If however, after the

effects of epinephrine have passed and the nipple–areola com-

plex continues to look ischemic, then a conversion to a free nip-

ple graft would be advised to preserve an acceptable result.

Total loss of the nipple–areola complex requires reconstruction

at least 6 months after surgery and is not ideal.

Fat necrosis usually occurs at distal most edge of the pedicle

due to fat without adequate blood supply. It will often resolve

with time and massage over a week to months after surgery.

Rarely surgical intervention is indicated. It is more likely to

occur if too much tension is placed on the parenchymal pillars

with closure.

Late complications include untreated seromas, poor scars,

shape changes, fat necrosis and asymmetry, poor nipple posi-

tioning, and nipple sensory changes.

Small seromas can be managed early on with percutaneous

drainage or for many no intervention is needed and the body

will resorb the fluid. However, larger seromas can cause wound

separation and delayed wound healing. A seroma that continues

to reoccur despite multiple aspirations may have to be excised

directly in order to remove the cavity and close the space.

Scars can be a difficult issue to treat, as they can be unpre-

dictable and difficult to determine how each person will scar

individually. Often poor scarring is due to a combination of

undue tension on the skin and genetics. Early hypertrophic or

keloid-appearing scars can be treated with intralesional steroid

injection. If, however, by 6 months to 1 year if there has been

no improvement, surgical scar revision may be undertaken with

an improvement in the scar appearance as the breast tissue

would have stabilized in its new position by that time. If the

puckers seen with vertical reduction techniques do not resolve,

then correction may be needed to remove additional subcuta-

neous tissue in order to flatten the scar.16 More commonly dog

ears on the medial and lateral aspect of a Wise pattern reduc-

tion are a cause of irritation for patients and can be removed

but will make the incision slightly longer, which the patient

should be made aware of before proceeding.

Postoperatively, it is expected that the skin envelope will

stretch due to gravity and the weight of the breast. The infra-

mammary fold attachments which are divided with a Wise pat-

tern reduction can allow the breast to migrate lower leading to

bottoming out or pseudoptosis. If that occurs, any revisions to

the shape must take into account the original pedicle in order

to avoid devascularizing the nipple–areola complex and the fold

should be re-created in the desired position. The vertical reduc-

tion appears to maintain its shape for a longer period of time

and may require less revision in some cases concerning breast

shape versus the Wise pattern.16

Asymmetry can occur with any technique and is much more

likely when the patient originally presents with asymmetric

breasts. It is important that careful detail goes into preoperative

markings to try to avoid this complication. Asymmetry of the

nipple is generally less acceptable than minor asymmetry of the

breast as a whole. Significant asymmetry is unacceptable and

can be managed with further parenchymal resection or liposuc-

tion at least 6 months after surgery.

The lifetime risk for a woman to develop breast cancer is one

in eight or 12.5%.7 In some large series, an incidental finding of

cancer in a breast reduction specimen was found to be less than

0.5 to 0.8%.17,18 Though this is a rare finding, prior to surgery

the possibility should be discussed with the patient. A positive

finding should then be approached as a new cancer finding

with a workup, surgical, and medical oncologic consultation

and a treatment plan based on the recommendations. Should a

suspicious mass be found during reduction surgery, an intra-

operative frozen section should be obtained for diagnosis. If the

specimen is found to be benign, surgery can proceed as

planned. However, if it is malignant or equivocal, the mass

should be resected, the biopsy site marked with clips, and the

surgical site should be closed when a good stopping point is

reached. If a surgical oncologist is available, the resection

should be preferably done by them; however, if no one is avail-

able in a reasonable amount of time, for safety reasons the

resection can be done by the plastic surgeon. As with an inci-

dental finding in a resected specimen, a formal workup and

oncologic consultation should then take place.4

Patient satisfaction with the appearance and effectiveness of

breast reduction surgery is very high. A 30-year review of

breast reduction literature found patient satisfaction with end

results to be extremely high (> 90%).19,20,21 In general, patients

are happy to have undergone the procedure and have signifi-

cant improvement and satisfaction with their breast appear-

ance, as well as psychosocial, sexual, and physical well-being

based on ratings using the BREAST-Q questionnaire.22 In a

study done by Carty et al, dissatisfaction correlated with

patient’s age younger than 40 years and postoperative soft-tis-

sue necrosis, with surgeon’s experience not found to correlate

with satisfaction.21 Though patients may present due to their

symptoms which are a result of their macromastia, after sur-

gery they will rarely concentrate on the improvement of these

symptoms but will focus on the aesthetic appearance of their
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breasts. Breast reduction surgery, while functional, is also very

much an aesthetic procedure and should be approached as such

when planning for it.

Breast reduction surgery can be very rewarding for both the

patient and the surgeon with extremely high satisfaction

rates. Understanding the surgical anatomy and the techni-

ques available allows plastic surgeons to make well informed

and educated choices applying their knowledge to achieve

the best aesthetic result for their patients. Understanding

early and late complications along with key factors for suc-

cess help provide patients with high level of safety and

excellent results.

30.8 Review Questions

30.8.1 True or False

1. Mammograms should be routinely performed prior to breast

reduction surgery in all age groups.

2. The skin is the most important structure holding the shape

of the breast after reduction.

3. The incidence of invasive breast cancer in reduction

pathology specimens is approximately 3%.

30.8.2 Choose the Best Answer

4. Sensation to the nipple–areolar complex is best described as

a) The medial cutaneous branch of the intercostal nerve to

T5.

b) The medial and lateral cutaneous branches of the intercos-

tal nerves T3, T4, T5.

c) The medial and lateral cutaneous branches of the intercos-

tal nerve T4.

d) The lateral cutaneous branch of the intercostal nerve to

T3, T4.

5. A 16-year-old girl comes to the office with her mother

because she is unhappy about the size of her breasts. She

wears a 34 DDD bra and has been this size for the past 2

years. She feels her breasts are too big and would like

surgery to make her breasts smaller. She is uncomfortable

participating in sports and does not want to socialize with

her friends because she is embarrassed by her large breast

size. Her exam shows large symmetric fibrous breasts

without any palpable masses. Her body mass index is 25. The

best treatment option for her:

a) Physical therapy and exercise/dieting.

b) Breast reduction surgery.

c) Breast reduction using liposuction only.

d) Counseling.

30.8.3 Answers

1. False.

2. False.

3. False.

4. b. The medial and lateral cutaneous branches of the

intercostal nerves T3, T4, T5.

5. c. Breast reduction using liposuction only.
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31 Mastopexy
Francesco M. Egro, Edward H. Davidson, and Kenneth C. Shestak

Abstract

This chapter surveys the types of mastopexy and augmenta-

tion-mastopexy procedures. Ptosis refers to the descent of the

breast due to various factors (aging, weight loss, pregnancies,

etc.) and mastopexy refers to the treatments meant to correct

ptosis. Patients are evaluated according to Regnault’s classifica-

tion of ptosis and surgical treatment is determined. The authors

provide detailed information in the text and table format

regarding the desired outcome for each degree (minor, moder-

ate, major) of ptosis. The advantages and disadvantages of mas-

topexy techniques (crescent, concentric circumareolar, vertical,

etc.) are thoroughly discussed. Augmentation-mastopexy aug-

mentation techniques are also covered. The chapter concludes

with guidelines for postoperative care and a listing of antici-

pated outcomes and possible complications.

Keywords: mastopexy, ptosis, Regnult’s classification, augmen-

tation

31.1 Goals and Objectives
● Understand the proper evaluation of patients with breast

ptosis.
● Clearly define the indications for the various types of

mastopexy and augmentation–mastopexy procedures.
● Appreciate the technical aspects of skin and parenchymal

management in mastopexy and augmentation–mastopexy

procedures.
● Know the advantages and disadvantages of each technique

and their complications.
● Understand the postoperative management of mastopexy and

augmentation–mastopexy.

31.2 Patient Presentation
The breast is an important organ to a woman, and it remains

the central focus of femininity and the source of attraction. It

has been depicted throughout centuries as the source of sensu-

ality and perfection. Nature shapes the breasts in each individ-

ual, but the shape often changes due to aging, lifestyle, injury,

or congenital deformity. In Greek, ptosis means “falling” and

describes the descent of breast parenchyma, which is managed

by mastopexy. In Greek, mastos means “breast,” pexy means

“fixation,” and it involves a series of principles and techniques

to correct breast ptosis. It is essential for the plastic surgeon to

know the hallmarks of the youthful breast, and identify those

techniques that are most likely to restore the breast to its opti-

mal aesthetic form in a given patient. This chapter presents a

comprehensive review of the evolution and principles of the

management of the ptotic breast by means of mastopexy or

augmentation–mastopexy.

According to the American Society of Plastic Surgeons (ASPS)

statistics report, more than 92,000 mastopexies were per-

formed in 2014 (75% increase from 2000), and was ranked the

seventh most common aesthetic surgical procedure in the

United States.1 A similar trend is reflected in the American Soci-

ety for Aesthetic Plastic Surgeons (ASAPS) national statistical

data, which indicate that mastopexy was ranked the sixth most

common aesthetic surgical procedure. The majority of patients

were between the ages of 35 and 50 years, and returned to

work within 1 to 2 weeks postoperatively.2

Geographical variation of the published mastopexy tech-

niques exists. It appears that North American surgeons use the

inverted T incision and inferior pedicle more frequently, use

fascial sutures less often, and usually do not incorporate “auto”

augmentation in their procedures. Conversely, Latin American

and European surgeons prefer the vertical incision and superior

pedicles, and use fascial sutures and “auto” augmentation more

often.3

31.2.1 Etiology

Ptosis results when breast parenchymal volume is relatively

deficient within the larger skin envelope. Factors found to have

a statistically significant correlation with ptosis include

advanced age, history of significant weight loss, high body mass

index (BMI), large bra cup size, greater number of pregnancies,

and smoking history.4

With age, the breast assumes a lower position on the chest

wall becoming ptotic and losing the youthful breast contour.

Factors that may play a role include glandular hormonal regres-

sion, atrophy, gravity, and loss of skin elasticity. This leads to

stretching and lengthening of skin and glandular attachments.

As glandular tissue settles, the upper pole of the breast loses its

fullness and appears deflated.4 Breast ptosis is a very common

in post-bariatric patients who have undergone massive weight

loss. Studies have shown that weight loss is an issue if greater

than 50 lb is lost.4 High BMI and large bra cup size (breast

weight > 400 g) have been shown to be predisposing factors,

most likely because of the increased pull caused by gravity on

heavier breasts.4 Although pregnancy per se was not found to

predispose to breast ptosis, an increase in the number of preg-

nancies does. The reason is uncertain, but weight gain during

pregnancy was not found to be associated with ptosis.4 Smok-

ing has been shown in experimental and clinical studies to

impair the production of collagen and increase the production

of tropoelastin and matrix metalloproteinases. These cause an

abnormal deposition of elastotic material and degradation of

collagen, elastic fibers, and proteoglycans, leading to dermal

connective tissue degenerative changes, wrinkling, and loss of

skin elasticity and tone.5 Breast-feeding is widely held account-

able for breast ptosis and has been shown to be a reason for

early termination of breast-feeding.6 This is a significant mis-

conception, as there is no evidence to support this hypothesis.4

Another misconception is the role of regular upper body exer-

cise to reduce the risk of ptosis. No evidence exists to support

this argument.4 Other factors mentioned in the literature as

predisposing factors for ptosis include congenital deformities

such as tubular breasts, thin skin, excessive breast size, and

postoperative changes.
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31.2.2 Classification of Ptosis

The youthful breast is positioned between the third and sixth

intercostal spaces, with the inframammary fold located at the

level of the fourth to fifth intercostal space, with a full rounded

lower pole contour, a lateral outward convexity that covers the

rib cage as it sweeps toward the axilla becoming concave, and a

nipple–areola complex (NAC) positioned directly at the point of

maximal projection. Several classifications have been intro-

duced to define the degree of ptosis; however, Regnault’s classi-

fication remains the most widely employed.7 The degree of

ptosis is based on the position of the nipple in relation to the

inframammary fold and the gland. Breast ptosis is classified as

pseudoptosis, glandular or “partial” ptosis, and three degrees of

true ptosis (▶ Fig. 31.1; ▶Table 31.1).7

The terms “pseudoptosis” and “glandular ptosis” to this day

are often used incorrectly interchangeably. “Pseudoptosis”

describes a breast that is hypoplastic, with a loose skin enve-

lope and the nipple lying above the inframammary fold; this

combination of factors results in an appearance similar to the

one of minor ptosis, and can be resolved by increasing breast

volume (e.g., inserting an implant). “Glandular ptosis” was

referred by Regnault as “partial ptosis,” and also presents with

the nipple above the inframammary fold, but the gland and skin

brassiere follow the influence of gravity; this results in the

lower portion of the skin brassiere to be elongated, while the

upper portion to remain the same length.7

31.2.3 Patient Evaluation

A thorough history and physical examination is the basis for a

successful surgical strategy. Evaluation of the patient’s preopera-

tive medical status must include conditions that can affect the

shape and size of the breast (such as breast disease, significant

weight gain followed by weight loss, previous breast surgery or

biopsies); family history of breast cancer; details of recent mam-

mograms; reproductive history including number of pregnancies,

breast-feeding history, and plans for future children.

Examination requires a careful and systematic evaluation of

each breast, and includes a detailed visual analysis and thor-

ough palpation. The visual inspection is performed to evaluate

the shape, symmetry, contours, skin quality, scars, breast vol-

ume, along with the NAC shape, position relative to the infra-

mammary fold, and amount of breast overhanging the

inframammary fold. Careful notes are made regarding symmetry

of contour, NAC position, presence of striae, and overall skin

quality. Additionally, the presence, size, and location of contour

deformities are recorded and pointed out to the patient preoper-

atively. Surface measurements from key breast anatomic points

noted above are recorded in the patient’s chart. This includes a

bio-dimensional analysis of topographic landmarks including

supra-sternal notch to nipple distance, breast base width, nipple

to inframammary fold distance at rest and on stretch and pinch

thickness of the upper and lower poles of the breast.

Fig. 31.1 Breast classification. (a) Normal. (b) Minor or first degree. (c) Moderate or second degree. (d) Major or third degree. (e) Partial or glandular

ptosis. (Adapted from Jones GE. Bostwick's Plastic and Reconstructive Breast Surgery, Third Edition. New York: Thieme Medical Publishers; 2009)

Table 31.1 Regnault’s classification of ptosis.

Pseudoptosis

The nipple lies above the inframammary fold,

but the breast is hypoplastic leading to a loose

skin brassiere and this gives the impression of a

minor ptosis

Partial ptosis

(glandular ptosis)

The gland and skin brassiere follow the

influence of gravity, while the nipple remains

above the inframammary fold because the

upper portion of the skin brassiere has not

changed, whereas the lower one has elongated

Minor ptosis (first

degree)

The nipple lies at the level of the inframammary

fold, and above the lower contour of the breast

and skin brassiere

Moderate ptosis

(second degree)

The nipple lies below the inframammary fold,

but is above the lower contour of the breast and

skin brassiere

Major ptosis (third

degree)

The nipple lies below the inframammary fold,

and at the lower contour of the breast and skin

brassiere

Based on Regnault P. Breast ptosis: Definition and treatment. Clin Plast

Surg. 1976; 3(2):193–203

Breast
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Tactile examination includes careful palpation of the skin and

breast parenchyma, looking for masses, tenderness, areas of

thickening, scar adherence, glandular mobility, along with

parenchymal and skin elasticity. The parenchyma is also

assessed for volume, position, distribution, and elasticity.

Pinching the lower pole or lateral inferior pole of the breast

mound can simulate the superior transposition of the paren-

chyma. The ability to simulate a favorable upper pole shape

change this way suggests that the patient is a good candidate

for vertical mastopexy (▶ Fig. 31.2). On the other hand, the lack

of breast shape change with this maneuver suggests that the

patient is more likely to benefit from a mastopexy with a com-

bination of vertical and horizontal skin excision, or a masto-

pexy, which includes the placement of an implant.

Each patient presents with preconceived ideas of an ideal

breast appearance. Sometimes they already have a shape in

mind and may attempt to explain or show it by adjusting the

contour of their breast with their hands. For this reason, it is

vitally important for the plastic surgeon to understand the

patient’s primary concerns and goals. The patient’s expectations

must be realistic and she must understand that the surgery will

result in permanent scars on the breasts. Once the breasts have

been accurately assessed and classified, an honest discussion is

undertaken with the patient regarding the various elements

of her deformity, the recommended treatment, limitations and

complications of operative intervention, and appropriate

expectations regarding outcome.

31.3 Preparation for Surgery
Preoperative radiological or laboratory evaluation in prepara-

tion for surgery is similar to other major elective procedures

and would be dependent on the patient’s age and comorbid-

ities. Patients who are of menstruating age must have a

urine HCG. Blood work is not routine but directed by significant

medical conditions.

Preoperative mammogram is routinely ordered by the senior

author (KCS) in patients aged 40 years and over, and in patients

aged 30 years with a family history of breast cancer or previous

breast tissue diagnosis. The mammogram is used as a baseline

study for future mammograms.

Anteroposterior, lateral, and oblique photographs are taken

in the upright position in a uniform way, using the same back-

ground color, lighting conditions, and patient position. If certain

areas of the breasts are of particular interest, other views are

taken including photographs from above, below, or in the

supine position.

31.4 Treatment
Mastopexy entails breast reshaping and varying degrees of nip-

ple elevation in the context of using the most appropriate inci-

sions. Many algorithms have been introduced to guide surgeons

on the best approach according to the degree of ptosis.7,8,9,10

However, no ideal technique has been identified and the short-

est scar procedure may not necessarily be the most appropriate

in all patients. Each patient requires an individually tailored

surgical plan as the surgeon needs to consider the incision pat-

tern, need for tissue rearrangement, parenchymal fixation, or

implant placement as dictated by his/her analysis described

above. There are three basic incision patterns, with several var-

iations, and the most commonly used techniques are described

below.

The degree of ptosis is one of the factors to guide the choice

of the surgical approach to be used. Additionally, the patient’s

preference, aesthetic breast evaluation, careful parenchymal

and skin elasticity assessment, and the surgeon’s experience

and level of comfort all influence the surgical choice. The trend

is toward using minimal incision patterns but ultimate selection

of incisional technique is best guided by the Regnault classifica-

tion. ▶Table 31.2 provides a guideline to the surgical approach

of ptotic breasts.

Important technical maneuvers for all mastopexy procedures

done without an implant begin with skin marking. This is done

with the patient in the standing position. Most importantly

these include establishing new nipple position, which will cor-

respond to the newly created maximal projecting portion of the

breast as created by movement of breast tissue to the upper

pole. As such the new position for the nipple will most often be

above the inframammary fold, especially if an implant will be

used concomitantly. This may be anywhere from 1 to 4 cm

Fig. 31.2 The maneuver of pinching the lower pole of the breast allows

the surgeon to judge the adequacy of breast volume and the ability of

this volume to produce upper pole fullness when transposed. If an

inadequate shape results, the patient may not be a suitable candidate

for mastopexy alone, that is, it may help predict the need for an

implant.

Table 31.2 Guideline to the surgical approach of ptotic breasts

Minor ptosis (first

degree)

Augmentation alone. Periareolar mastopexy

with or without augmentation depending on

whether patient desires larger breasts

Moderate ptosis

(second degree)

Vertical mastopexy with or without

augmentation depending on whether patient

desires larger breasts

Major ptosis (third

degree)

Vertical or inverted T mastopexy with or

without augmentation depending on

whether patient desires larger breasts

Treatment
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above the inframammary fold in the upright position

(▶ Fig. 31.3). In addition, determining the approximate skin

resection area (in the periareolar, vertical, and horizontal orien-

tations if necessary) can often be fairly accurately estimated

preoperatively by gentle digital manipulation of the tissues

(▶ Fig. 31.4).

The plan and operative technique must include
● Flexibility—Preoperative planning is important but it is

presumptive and not definitive; the surgeon must develop the

ability to intraoperatively alter incision design and nipple

position using tailor-tacking.
● Tailor-tacking—skin sutures or skin stapling to simulate

changes in breast shape which occur with skin tightening or

plication (▶ Fig. 31.5).
● Parenchymal suturing—performed in almost every case. This

includes pedicle fixation by “pexy sutures” to pectoralis major

muscle fascia, suturing de-epithelialized dermal wings, and

lower breast pillar sutures in case of vertical mastopexy

(▶ Fig. 31.6).

The insertion of an implant has various effects on the shape of

the breast and NAC including increase in upper pole fullness

and breast projection, widening of areola, and change in upper

pole contour from linear (preoperatively) to slightly outwardly

convex (postoperatively).11 However, it must be kept in mind

that the breast mound is only minimally elevated (less than

1 cm), the lower pole expands and may stretch slightly, and

although the actual NAC position is not changed, the changes

produced by the implant produces an illusion that it is

elevated.11 Therefore, augmentation alone should be reserved

for selected patients where the main complaint is a deflated

breast with inadequate volume and minimal inferior displace-

ment of the NAC. Spear advocates augmentation alone if less

than 2 cm of breast overhangs the fold, the nipple is appropri-

ately positioned on the anterior surface of the breast, non-

pigmented skin is visible between the lower areola and the

inferior border of the breast, and the nipple to inframammary

fold distance is less than 9 cm.12 In some of these patients, a

periareolar excision of skin (periareolar mastopexy) can elevate

the NAC 1 to 2 cm and may enhance the result.

A combined augmentation and mastopexy approach to treat

deflated and ptotic breasts can either be performed as a one-

stage or two-stage procedure. The one-stage procedure was

first described in the 1960s by Gonzalez-Ulloa.13 Since then

multiple plastic surgeons have shared their outcomes and opin-

ions on a one-stage procedure, leading to a controversial debate

on its reliability and relative safety.14,15,16,17,18 One-stage proce-

dures are challenging because augmentation and mastopexy

work against each other, producing diametrically opposed

effects on the breast tissue and skin envelope, at times poten-

tially altering the blood supply to the NAC and skin flaps, and

always placing greater tension on the closure. Mastopexy repo-

sitions the nipple, reshapes the breast with some element of

tension in the line of closure with a reduction of the redundant

skin envelope. On the other hand, augmentation expands the

breast, increases the size of the skin envelope, and increases the

Fig. 31.3 In mastopexy, volume is always added to the upper pole of

the breast. For that reason, presumptive planning always includes

planning nipple position between 1 and 3 cm (sometimes as much as

4 cm) above the IMF.

Fig. 31.4 The surgeon can often estimate accurately the shape change

and amount of skin to be excised preoperatively with gentle digital

manipulation of the breast tissue.

Breast
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tension of wound closure. Furthermore, augmentation introduces

potential implant-related complications such as capsular contrac-

ture, potential lower pole stretch, and possible inferior or lateral

implant malposition. These possible untoward sequelae must be

explained to the patient preoperatively.

Patient selection is key for a successful one-stage augmenta-

tion–mastopexy and the decision is based on the patient’s pre-

operative breast evaluation, tissue condition, and suitability to

the procedure along with the surgeon's experience and level of

comfort with this plan. Favorable characteristics include first

and second degree ptosis; using a small implant (less than

300mL); nipple elevation less than 4 cm; light toned skin with

good elasticity; and absence of peri-operative risks (e.g., obe-

sity, smoking history, and massive weight loss). The main indi-

cation of a one-stage augmentation–mastopexy includes ptosis

combined with significant volume deficiency. Depending on

the degree of ptosis, a periareolar, vertical, or inverted T tech-

nique can be used. The choice of implant size is an important

part of planning regardless of the chosen technique, and

depends on the preoperative characteristics of the breast. The

larger the implant, the less aggressive the skin excision is.

Deflated pendulous breasts require an implant whose diameter

matches the base diameter of the breast, and often ptotic breast

tissue in the lower pole must be excised in the so called plus/

minus mastopexy. Constricted or tuberous breasts almost

always require implants with a diameter that exceeds the origi-

nal breast base width. For this reason, mastopexy must be very

conservative in these patients. No evidence exists on the spe-

cific association of complication rates and the implant type or

pocket used in one-stage augmentation–mastopexy. However,

most studies indicate a higher use of silicone implants (up to

75% of cases) placed in a dual submuscular plane (up to 96% of

cases).14,15,16

Fig. 31.5 Skin resection can be most accurately

finalized intraoperatively using “tailor-tacking”

maneuver done with sutures or skin staples with

the patient sitting upright at 90 degrees on the

operating table.

Fig. 31.6 Suture fixation of the breast parenchyma to the underlying

pectoralis major muscle (PMM) fascia may be helpful in some

mastopexy techniques to stabilize the position of the parenchyma at

the time of surgery.
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The senior author and most experienced surgeons believe

that the smallest implant that will provide volume meeting the

patient’s expectations should be used. It is generally felt by

most authors that insertion of the implant is done prior to mas-

topexy because increased volume within the breast conferred

by the implant results in less ptosis and correspondingly less

skin that needs to be excised.19

However, some patients may present a very high risk for a

one-stage augmentation–mastopexy, especially in patients dis-

playing the following unfavorable characteristics: extreme

third-degree ptosis; heavy breasts with more than 4 cm of tis-

sue overhanging the inframammary fold; required implant vol-

ume greater than 400mL; nipple elevation greater than 6 cm;

poor skin quality or pronounced striae; patients with BMI

greater than 35; massive weight loss; extreme asymmetry;

medially displaced NACs; and perioperative risks such as smok-

ing history.20 It is the senior author’s (KCS) opinion that patients

considered for a for a two-stage augmentation–mastopexy first

undergo a mastopexy and subsequently have an implant

placed, if still desired, 4 to 6 months later. Other than the safety

benefit, a two-stage augmentation–mastopexy allows the pa-

tient to evaluate the appearance of her breasts after mastopexy.

If satisfied with the result, the patient may opt to forgo breast

augmentation.

Important technical pearls in augmentation–mastopexy:
● Using the smallest implant that will satisfy patient

expectations.
● Placing the implant first usually through an incision that will

be incorporated in the mastopexy plan.
● Planning for conservative skin resection and on-table

adjustment with tailor-tacking with the patient sitting at 90

degrees.
● Nipple elevation and final nipple position guided by

presumptive preoperative planning and tailor-tacking to be

repositioned 2–5 cm (most commonly 3–4 cm) above the

inframammary fold, since the implant adds significant

fullness to the upper pole of the breast.

31.4.1 Techniques in Mastopexy

A variety of mastopexy techniques have been described. This

section provides an overview of the three basic incision pat-

terns (periareolar, vertical, and inverted T) and the techniques

used to manage the underlying breast parenchyma.

Periareolar Mastopexy

Crescent Mastopexy

Indications

Rarely indicated and it is mainly used to address upper areola

level asymmetry.

Technique

Crescent mastopexy was originally described by Puckett as an

eccentric circumareolar skin excision without NAC mobilization

nor purse-string suture.21 A crescent-shaped incision is made

around the upper half of the areola, down to the reticular der-

mis. A wedge of de-epithelialized skin is excised to mobilize the

NAC up to 2 cm but most commonly much less. The incision can

be as extensive as needed (it can almost resemble a circumareo-

lar shape) depending on the degree of breast ptosis, and the

NAC’s diameter and circumference. The orientation of the

incision can help reshape or reposition the NAC as needed

including superior lifting, medial or lateral shifting, inferior

repositioning, reduction, or a combination of the above.

Advantages and Disadvantages

The main advantage includes the very short scar that can be

camouflaged by the border of the areola. The main disadvant-

age of this technique is that the force applied to the areola along

the vertical axis, can result in an oval-shaped or elongated are-

ola, which frequently results in a suboptimal aesthetic result.

Concentric Circumareolar Mastopexy

Indications

First- and early second-degree ptosis, large areolar diameter,

and tuberous breasts.

Technique

Benelli introduced the “round block” technique in 1990.22 The

technique begins by marking an outer ring that defines the

outer border of the de-epithelialization area. This ring joins

the superior and inferior borders of the new NAC, and varies

depending on the amount of excess skin. The new areolar cir-

cumference (approximately 4 cm in diameter depending on

breast size) is then drawn using an areolar sizer, which defines

the inner border of the de-epithelialization area (▶ Fig. 31.7).

The redundant skin found between these two markings is

excised to reposition the NAC. The skin is then undermined to

expose the parenchyma, which is then incised leaving the NAC

on a superior pedicle. Depending on the degree of ptosis, the

management of the parenchyma differs. For mild degree of pto-

sis the base of the breast is simply plicated and invaginated.

Whereas for more severe ptosis, medial and lateral parenchy-

mal flaps are created and overlapped to provide breast width

narrowing, and breast shape lifting and coning. The periareolar

incision is then closed in a purse-string fashion with non-

absorbable sutures, which allows a reduction in scar tension as

described by Benelli.22 An excellent variation of this technique

is described by Goes, which includes the use of a prosthetic

mesh layer to support the breast parenchyma.23 or the use of

implants to minimize the skin resection required.9,17 It is

important that the surgeon not excise too much skin as the

quality of the aesthetic result depends on breast parenchymal

re-shaping with subsequent skin redraping.

Advantages and Disadvantages

The circumareolar mastopexy is more versatile than the cres-

centic approach and generally provides better aesthetic out-

comes. The circumareolar scar can be camouflaged at the

border of the areola. The main disadvantages include flattening

of the anterior contour of the breast mound and recurrence of

ptosis.8,10,22,24 Benelli notes that this circumareolar technique is

not suitable for all breasts and that shape correction must be

sacrificed in favor of a reduced scar.22 It must be emphasized

that the learning curve with this procedure is steep.

Breast
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Vertical Mastopexy

Vertical Mastopexy without Undermining
(Lassus)

Indications

Moderate (second degree) and early major (third degree) ptosis,

but the scar burden may not be justified in mild cases.

Technique

The technique begins by marking the position of the NAC supe-

rior border as the intersection point between the vertical axis

of the breast and a horizontal line 2 cm below the level of the

midpoint between the acromion and the olecranon. The lower

end of the vertical incision is marked on the vertical axis of the

breast at a variable distance above the inframammary fold

depending on the degree of ptosis (▶ Fig. 31.8a). The estimated

resection markings are then drawn by gently pushing the breast

medially and laterally, and joining the two points described

above (▶ Fig. 31.8b). The markings are incised superiorly to cre-

ate a de-epithelialized superior pedicle, then laterally and infe-

riorly down to pectoralis fascia to elevate a glandular flap. This

may be folded under or more commonly imbricated in the

upper pole of the breast by “pexy” sutures anchoring the deep

surface of the breast parenchyma to pectoralis fascia, which is

helpful for creating increased upper pole fullness at the time of

surgery (▶ Fig. 31.6). An inferocentral wedge of skin can be

excised from the breast. This tissue may also be folded under

the NAC to increase NAC projection in the central breast. The

medial and lateral pillars are then drawn together and most

often fixed with pillar sutures without further undermining,

and reshaped appropriately using tailor-tacking sutures

(▶ Fig. 31.5). As the width of the distal superior pedicle

increases inferior to the NAC, a relatively greater amount of

Fig. 31.7 Markings for the Benelli’s “round block” technique. An outer

ring (dotted line) defines the outer border of the de-epithelialization

area, and joins the superior (point A) and inferior borders (point B) of

the new NAC. The new areolar circumference (solid line) is drawn using

an areolar sizer.

Fig. 31.8 (a) Medial breast displacement for marking lateral vertical incision and pillar creation connecting mid-clavicular point with mid breast mark

at IM fold. (b) Lateral breast displacement for creation of medial vertical incision and medial pillar creation. (c) Inferior extent of lateral and medial

pillars terminating 4 cm above IMF.
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tissue will be removed from the central lower pole and trans-

ferred to the upper pole of the breast. This may result in a

somewhat flat shape of the lower breast pole that will regain

some convexity as the breast pedicle (which is not fixed to the

chest) descends over 2 to 3 months following surgery most

often evolving a satisfactory appearance.25,26 Liposuction is

helpful in the lower pole of the breast to adjust the final shape

by removal of fat and some breast tissue and in stimulating skin

re-draping and mild skin contracture.

Advantages and Disadvantages

The technique is one of breast parenchymal reshaping with

solid fixation in the lower pole and provides a reduced scar bur-

den. The disadvantages include a steep learning curve and the

need for slight overcorrection on the table. The combination of

pronounced immediate postoperative upper pole fullness and

“bunched up” lower pole, leads to less aesthetic immediate

outcome. Most often this settles over time, but occasionally

revision surgery is necessary to optimize scar appearance and

contour in the lower pole. In the properly selected patient it

often provides a better aesthetic result compared to the inverted

T technique in the long term (▶Fig. 31.9, ▶Fig. 31.10).27

Vertical Mastopexy with Undermining (Lejour)

Indications

All degrees of ptosis, but the scar burden may not be justified in

mild cases.

Technique

The technique is similar to the Lassus technique and begins by

marking a mosque dome incision pattern and the superior

pedicle as already described (▶ Fig. 31.11). Care should be taken

not to over resect skin or breast tissue in the lower pole to

Fig. 31.9 Pre-operative (a) AP and (b) lateral view

of patient desiring a mastopexy. The plan is for a

superior-dermo glandular pedicle. Post-operative

(c) AP and (d) lateral views at 6 months post-op.
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minimize problems with wound healing and poor scars. The

desired areolar circumference is marked around the original

nipple, with the superior pedicle (at least 6–8 cm in width)

extending from the upper border and continued in a conical

shape down around the circumference. The pedicle skin sur-

rounding the areola is de-epithelialized to a point 2 to 3 cm

below the areola. Incisions are made along the lateral breast

markings, and there is both pillar and skin undermining which

is performed medially, laterally, and inferiorly to the level of the

inframammary fold. This is one of the technical variations that

distinguish the Lejour from the Lassus technique in which there

is no undermining of the pillars. The dermoglandular breast

pedicle is then moved superiorly as a whole unit and sutured to

the superior part of the retro-mammary dissection. This creates

medial and lateral pillars of breast tissue that are sutured

together. The elevation of the areola may cause tension, which

can be improved by cutting the dermis 1 or 2 cm at each site.

Lejour also described the use of liposuction and resection of

breast parenchyma, but these techniques are mainly utilized in

reduction mammaplasty rather than mastopexy.28,29

Advantages and Disadvantages

The advantages and disadvantages of the Lejour vertical

approach are similar to those outlined for the Lassus technique.

Short Scar Periareolar Inferior Pedicle Reduction
Mammaplasty (Hammond)

Indications

All degrees of ptosis, particularly in patients with associated

concavity in the upper pole of the breast. The scar burden may

not be justified in mild cases.

Technique

The technique begins by marking the top of the periareolar pat-

tern and the new areola position, found on the breast meridian

at the level of typically between 3 and 5 cm above the infra-

mammary fold. Then the inferior pedicle is drawn, with an 8 cm

wide base, and lines measuring 8 to 10 cm up extending

perpendicularly from the inframammary fold. The medial and

Fig. 31.10 (a,b) Preoperative breast appearance

of a patient with second-degree ptosis who

underwent Lassus no pillar undermining

modification of the superior dermo-glandular

vertical mastopexy using “pexy” sutures. (c,d)

Outcome at 3 years following surgery with good

correction of her ptosis.
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lateral borders of the periareolar pattern are then drawn, by

displacing the breast medially and laterally in relation to its ver-

tical axis. Lastly the new nipple is drawn measuring 40mm in

diameter. The operation is started by de-epithelializing the infe-

rior pedicle and a 5mm rim of periareolar skin. Thin medial,

superior and lateral skin flaps are created. The former two

gradually become thicker (3–6 cm) as the chest wall is

approached, and are undermined for 2 to 3 cm along the pec-

toralis fascia. The deep leading edge of the superior flap is pli-

cated to pectoralis fascia to restore upper pole fullness. The

medial flap is plicated onto itself, whereas the inferior pedicle

is resuspended to the pectoralis fascia to secure an elevated

position. The redundant inferior skin envelope is tailor-tacked

to create the desired contour, de-epithelialized, and closed in a

vertical pattern using a CV-3 Gore-Tex interlocking periareolar

purse-string cinched down to the desired areolar size.30

Advantages and Disadvantages

The advantages include a smaller scar compared with the

inverted T techniques. Overcorrection of the breast on the table

and time for it to settle are no longer needed, as the aesthetic

immediate outcome is excellent and the shape of the breast

does not appear to significantly change over time. The disad-

vantages include a very steep learning curve and the highest

complication rates of any of the techniques described thus far.31

Simplified Vertical Mastopexy (Hall-Findlay)

Indications

All degrees of ptosis, but the scar burden may not be justified in

mild cases.

Technique

In 1999, Hall-Findlay introduced modifications to the standard

Lejour vertical technique. These include the use of medial (or

rarely a lateral) pedicle; minimal or no liposuction; no pec-

toralis fascia sutures; and no skin undermining. The techni-

que begins with markings that are similar to the inverted T

or Wise pattern, except for the medial and lateral limb

extensions; instead the limbs are curved downward to meet

each other 2 to 4 cm above the inframammary fold

(▶ Fig. 31.12). The new nipple is placed on the anterior

aspect of the breast at or just above the level of the infra-

mammary fold, with a NAC diameter between 4 and 5 cm. A

mosque dome incision pattern similar to that described by

Lejour is outlined. Then the medial pedicle is drawn with a

base of 6 to 8 cm, and a 1 cm periareolar rim. The pedicle is

de-epithelialized and incised down to the chest wall, with-

out undermining. The lateral and superior-lateral skin flaps

are beveled, but the inferior skin flap is kept thin. The lower

end of the areolar skin is closed and the medial pedicle is

rotated up in position. The medially based glandular flap is

mobilized, rotated medially, and it provides upper pole full-

ness. The inferior aspect of the pedicle is sutured to the lat-

eral pillar. Lastly the deep dermis is sutured and the skin is

gathered along the vertical closure to help shorten scar

length.32,33

Advantages and Disadvantages

The advantages include a small vertical scar, the additional sup-

port by the inferior parenchymal closure, and faster operative

time compared to inverted T technique due to the shorter

incision length resulting in quicker time for wound closure.

The lack of undermining reduces healing problems. Lastly, the

avoidance of pectoralis fascia sutures makes the inset of the

pedicle easier. The disadvantages include a steep learning curve,

the need for overcorrection on the table, and less aesthetic

immediate outcome, which settles over time. The aesthetic con-

cerns are mainly related to the exaggerated upper pole fullness,

breast shape, and gathering and bunching of the skin.32 Fur-

Fig. 31.11 Markings for the Lejour vertical

mastopexy with undermining.
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thermore, a national survey by Rohrich et al has showed that

this technique has the second highest complication rate

(exceeded only by the SPAIR technique), most commonly

including suture spitting, asymmetry, and high revision rate.31

Inverted T Mastopexy

Indications

All degrees of ptosis, but the scar burden may be most justified

in more severe cases. This includes in patients with severe skin

excess (typically seen in massive weight loss patients), poor

skin quality, fatty parenchyma, and/or where the NAC requires

more than 6 cm of elevation.

Technique

The inverted T or Wise pattern34 is historically the most com-

monly used technique in mastopexy, and is the one that all

other techniques are compared to in terms of aesthetic out-

comes and complications. The technique begins by marking an

inverted “V” pattern, in which the limbs of the “V” are located

on the anterior aspect of the breast at the level of the infra-

mammary fold. Two limbs measuring 5 to 7 cm are extended

inferiorly, skirting the medial and lateral margins of the areola.

Medial and lateral extensions are then drawn toward the infra-

mammary fold at a variable angle dependent on the amount of

skin needing excision. Lastly, a line running through the infra-

mammary fold joins these two limbs (▶ Fig. 31.13). Once the

skin pattern is designed, the surgeon has to elect what to do

with the breast parenchyma. The traditional inverted T tech-

nique dictates that the breast shape is solely maintained by the

skin envelope. This entails de-epithelialization of the marked

area, elevation of the skin flaps, excision of the redundant skin,

closure of the inframammary and vertical incisions, removal of

a circular segment of skin at the apex of the vertical incision

and inset of the areola. Modern variations of the traditional

inverted T technique rely on parenchymal support (rather than

skin alone) to increase the longevity of results plication sutures

may be used to shorten and increase the projection of the

pedicle. The support can be provided as simple sutures to fixate

the parenchyma to the pectoralis muscle or fascia.35,36 This may

be facilitated by de-epithelializing skin that would otherwise be

discarded, and using the resulting dermal flaps to aid in pedicle

suspension and fixation. The support can also be provided by

parenchymal redistribution methods. For example, a superior

flap carrying the NAC can be partially raised to create a pocket

over the pectoralis muscle, and the inferior parenchyma is then

sutured high into this pocket to increase upper pole fullness

and decrease lower pole laxity. In patients that have sufficient

breast parenchyma, but suffer from severe ptosis (e.g., massive

weight loss patients), a dermal suspension “auto” augmenta-

tion–mastopexy can be performed. This technique entails eleva-

tion of medial and lateral de-epithelialized parenchymal flaps,

and their suspension high to rib periosteum to provide support;

the breast is then reshaped by plicating the dermis on the sur-

face of the pedicle thus reshaping it.37

Advantages and Disadvantages

The main advantage includes the ability to excise large amounts

of skin (necessary for severe ptosis with significant skin excess

in all dimensions), eliminating any bunching or skin redun-

dancy noted in the periareolar or vertical techniques. For this

reason, the inverted T approach is the best option for severe

Fig. 31.12 Markings for the Hall-Findlay simplified vertical mastopexy. Fig. 31.13 Markings for the inverted T mastopexy.
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ptosis, typically seen in massive weight loss patients. This

approach is commonly practiced in North America, thus the

learning curve is not as steep as other approaches. Also, it is

more predictable, and has excellent immediate aesthetic out-

comes without the need for intraoperative overcorrection or

waiting for the breast to settle. What is seen on the operating

table with tailor-tacking maintains itself reasonably well. This

technique allows wide exposure of the breast, facilitating NAC

elevation and parenchymal fixation, redistribution, and

autoaugmentation techniques. Because of all these reasons, the

inverted T technique remains the most popular approach for

mastopexy in the US and throughout the Americas.31

31.5 Other Variations
The number of techniques and variations described in the liter-

ature are too many to be listed in this chapter. There have been

many attempts to shorten or eliminate the horizontal or the

vertical components of the scar. Some of these include the B

technique by Regnault, short inframammary scar by Marchac

and de Olarte, L short scar technique by Chiari, the J scar tech-

nique by Gasperoni et al, the owl technique by Ramirez, and the

no vertical scar technique by Lalonde et al.38,39,40,41,42,43

31.5.1 Techniques in Augmentation–
Mastopexy

The surgical approach to the ptotic breast by means of masto-

pexy has been thoroughly discussed in this chapter, and for this

reason this section will discuss only the variations to the tech-

niques already described.

Periareolar Augmentation–Mastopexy

Indications

Nipple elevation not more than 2 cm. The ptosis presentation

should include a NAC at or no more than 1 cm below the infra-

mammary fold and not pointing inferiorly, no more than 3 cm

of breast overhanging the fold, and nipple-to-inframammary

fold no more than 8 cm.16

Technique

Mild ptosis can sometimes be managed by augmentation alone

(instead of augmentation–mastopexy) and where uncertainty

exists, intraoperative evaluation is needed. Before committing

to mastopexy, only the inferior areolar incision is created, to

transect the breast inferiorly thorough the zone of de-epitheli-

alization and bevel toward the inframammary fold. This open-

ing allows insertion of the implant by a dual-plane,

submuscular, or subglandular technique. After insertion, the

incision is stapled closed to assess the breast with the patient

sitting upright. If significant ptosis remains, the previously

planned periareolar pattern is tailor-tacked, nipple position

adjusted, and mastopexy performed. This strategy avoids

unnecessary placement of scars and ensures optimal results.14,

16 Recently, there has been increasing enthusiasm for using two

incisions for augmentation–mastopexy: an inframammary inci-

sion is used for the dual plane placement of the implant to

avoid violation of the breast parenchyma; and intra-areolar

incisions and breast dissection, which are associated with

increased risk of capsular contracture according to several

recent studies.44,45 The periareolar mastopexy is then per-

formed as needed.

Vertical Augmentation–Mastopexy

Indications

Nipple more than 2 cm below the inframammary fold, NAC is

not visible on the front of the breast, more than 3 cm of breast

overhanging the inframammary fold, and nipple-to-inframam-

mary fold distance more than 9 cm.16

Technique

An incision is made in the previously marked vertical resection

area extending vertically from the NAC. The implant is placed

in the desired pocket by means of a dual-plane, submuscular, or

subglandular technique. The incision is then stapled closed and

the areas of excess skin are tailor-tacked and marked with the

patient sitting upright. The periareolar excess skin is then de-

epithelialized and all the remaining skin in the inferior pole

within the markings is excised. Breast flaps are undermined as

minimally as needed for mobilization to allow closure with

minimal tension.14,16 An important caveat here is that it is

important to maintain subcutaneous tissue above the infra-

mammary fold, but below the inferior extent of the vertical

incision to help protect the implant from exposure in the event

of a wound healing problem.

Inverted T Augmentation–Mastopexy

Indications

Nipple more than 2 cm below the inframammary fold, NAC is

not visible on the front of the breast, more than 3 cm of breast

overhanging the inframammary fold, nipple-to-inframammary

fold distance more than 9 cm, with both horizontal and vertical

skin excess.

Technique

The approach to inverted T varies between authors. Some uti-

lize the markings and surgical technique described in the verti-

cal augmentation–mastopexy approach, but add horizontal

plications (at the level of the inframammary fold) centered on

the vertical segment to take up the redundant skin. Other

authors suggest placing the implant through an inframammary

fold incision instead, which is then stapled closed and the areas

of excess skin are tailor-tacked and marked. The periareolar and

inferior pole areas are de-epithelialized, the NAC is elevated,

and the incisions are closed appropriately.14,16

31.6 Postoperative Care
Postoperative care varies among surgeons; however, common

principles can be applied. All patients are asked to carefully

wash their chest and abdomen using Hibiclens twice a day for 3

days prior to surgery. Antibiotics are normally used only
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perioperatively and not continued postoperatively. Prophylactic

intravenous antibiotics are administered less than one hour

prior to the incision, and the choice normally includes a first

generation cephalosporin such as cefazolin, or an alternative

(e.g., vancomycin or clindamycin) in case of allergy. Postoperati-

ve analgesia includes a combination of narcotics (e.g., oxyco-

done) and non-narcotics (e.g., acetaminophen), and is typically

needed for the first 2 weeks after surgery. Nausea and vomiting

are managed with antiemetics, such as selective 5-HT3 receptor

antagonists (e.g., ondansetron) or phenothiazine H-1 receptor

antagonists (e.g., promethazine). Drains are rarely used, but if

inserted, they are usually removed within the first 1 to 3 days

postoperatively. A supportive brassiere is required for at least 6

to 8 weeks postoperatively to ensure full support during the

healing process. Strenuous exercise, especially bouncing and

jumping is not permitted for at least 4 weeks. At that time,

exercise is gradually increased, starting with mild activities

such as walking, followed by stationary bicycle or equivalent

the week after, and full-on activities during the eighth week.

Scar treatment begins during the third week but only after

complete wound healing is verified. Scar revision, if needed, is

generally postponed 1 year after surgery.

31.7 Outcomes

31.7.1 Outcomes in Mastopexy

Mastopexy produces an improved aesthetic appearance of the

breast in most cases and the tradeoff of “scar for shape” is a

good one for most patients. However, an undeniable sequela in

every case is some degree of recurrent ptosis. This is especially

true for augmentation–mastopexy,14,15,16 and there is a higher

re-operation rate following secondary procedures (revision of

previously revised mastopexy46 and augmentation–masto-

pexy14,16). A survey by Rohrich et al showed that most masto-

pexy techniques had a complication rate less than 5% except for

the SPAIR (Hammond) technique, which had complication rates

up to 5% (reported by 37.5% of respondents). Complications

include suture spitting, excess scarring, breast asymmetry,

nipple asymmetry, bottoming out and need for revision. Com-

plications variation by technique is shown in ▶ Table 31.3.

31.7.2 Outcomes in Augmentation–
Mastopexy

Good outcomes are possible with all of these approaches. Most

incisions heal well if designed appropriately and closed well.

The reliability and efficacy of one-stage augmentation–masto-

pexy has been a controversial topic for many years.18 A recent

systematic review and meta-analysis showed a complication

rate of 14.7% and reoperation rate of 12.1%.47 Complications can

be separated into either tissue-related or implant-related cate-

gories. Tissue-related complications include recurrent ptosis

(4.0%), breast or areola asymmetry (2.7%), poor or hypertrophic

scarring (2.5%), and hematoma (0.8%). Implant-related compli-

cations include capsular contracture (2.0%); infection (0.7%);

and seroma (0.7%).47 Major skin flap or nipple necrosis, and

implant malposition were rarely reported in the literature, thus

they were not included in the meta-analysis.47 However,

Calobrace et al found partial skin necrosis in 2.6%, and implant-

related problems in 1.3% of patients.14 Tissue-related complica-

tions predominated over implant-related complications in most

studies, and the possible cause is the weight of the implant con-

tributing to the risk of recurrent ptosis. The combination of ten-

sion from an underlying implant, extensive undermining and

soft-tissue manipulation around the nipple can lead to nipple

and skin flaps necrosis, loss of nipple sensation, and wound

dehiscence. The tension also exacerbates areolar widening and

hypertrophic scarring. One-stage augmentation–mastopexy has

been shown to have comparable complication rates to primary

augmentation or mastopexy alone. Risks can be minimized by

careful patient selection, thorough preoperative planning, and

meticulous execution. In cases where a one-stage augmenta-

tion–mastopexy is not safe, a two-stage approach remains a

viable and safe alternative.

31.8 Review Questions

31.8.1 True or False

1. According to the American Society of Plastic Surgeons (ASPS)

statistics report, mastopexy was the most common aesthetic

surgical procedure in the United States.

2. The degree of ptosis is based on the position of the nipple in

relation to the inframammary fold and the gland.

3. The plan and operative technique must include

intraoperative flexibility to alter incision design and nipple

position using tailor-tacking, and in most cases the use of

parenchymal suturing.

Table 31.3 Complications following mastopexy31

Mastopexy

technique

Complication %

Overall Suture spitting

Excess scarring

Bottoming out

Excess scarring in IMF

Need for revision

Breast asymmetry

Nipple asymmetry

52.6

45.2

36.1

30.2

28.1

19.5

6.5

Periareolar Suture spitting

Excess scarring

Need for revision

61.8

50.0

50.0

Vertical Suture spitting

Excess scarring

Bottoming out

45.8

37.3

27.1

SPAIR Suture spitting

General asymmetry

Nipple asymmetry

Need for revision

75.0

50.0

25.0

25.0

Hall-Findlay Suture spitting

General asymmetry

Need for revision

50.0

50.0

35.7

Inverted T Suture spitting

Excess scarring

Bottoming out

53.4

46.6

41.1

Based on Rohrich RJ, Gosman AA, Brown SA, Reisch J. Mastopexy

preferences: a survey of board-certified plastic surgeons. Plast Reconstr

Surg. 2006; 118(7):1631–1638
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4. With augmentation–mastopexy, it is ideal to use the smallest

implant that will satisfy patient expectations, place the

implant first usually through an incision that will be

incorporated in the mastopexy plan, and plan for

conservative skin resection and on-table adjustment with

tailor-tacking.

5. A supportive brassiere is not needed postoperatively and the

patient can resume strenuous activities immediately after

discharge from hospital.

31.8.2 Answers

1. False.

2. True.

3. True.

4. True.

5. False.
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32 Breast Augmentation
Richard C. Baynosa, Andrew G. Silver, and Rachel I. Mason

Abstract

This chapter deals with the relevant considerations involved in

breast enhancement using implants. Specific data to be gath-

ered during the presurgical exam are detailed, and implant

shells (smooth, textured), implant fillers (silicone, saline),

implant shape, and implant size are discussed. Relevant surgical

procedures involving access incision, pocket location, and surgi-

cal techniques are thoroughly covered, and the chapter con-

cludes with seasoned advice on postoperative care and

potential outcomes and complications.

Keywords: Baker classification and grades of capsular contrac-

ture, silicone filled implants, saline filled implants

32.1 Goals and Objectives
● Understand the proper evaluation of prospective breast

augmentation patients.
● Clearly define the benefits and drawbacks for the different

types of breast implants and various surgical approaches to

breast augmentation.
● Appropriately educate patients on the potential complications

of breast augmentation.
● Know the evidence-based perioperative care to maximize

patient safety and quality outcomes.

32.2 Patient Presentation
Patients seeking breast augmentation can vary in diagnosis

from simple hypomastia to breast asymmetry or ptosis, to the

more complex tuberous breast deformity.

As with all surgical procedures, a general medical history is

obtained in order to identify any contraindications to surgery.

Specific focused history for breast augmentation patients

should include the following:

1. Any previous breast pathology or breast cancer: Our group

requires a documented normal mammogram and/or breast

examination within 1 year prior to surgery. Any

abnormalities encountered on examination or

mammography must be thoroughly evaluated by a breast

surgeon prior to breast augmentation.

2. Pregnancy history: Breasts often undergo substantial changes

in both size and shape during pregnancy and breastfeeding.

Our group recommends a waiting period of at least 3 months

to allow for stabilization of breast size after completion of

breastfeeding.

3. Changes in weight: Fluctuations in weight can significantly

affect breast size and shape as approximately 50% of the

breast is composed of fat. It is advisable to delay surgery

until the patient’s weight has been stable prior to breast

augmentation.

4. Patient’s age: Our group does not perform breast

augmentation in patients younger than 18 years. If the

patient is younger than 22 years, we do not use silicone

implants without a signed waiver acknowledging Food and

Drug Administration (FDA) off-label usage.

Physical exam should include a general observation of the

patient, including height, weight, body frame, and the presence

of any structural asymmetries or deformities. It is imperative to

point out any and all asymmetries, as minor differences often

go unnoticed by a patient preoperatively, yet can become a sig-

nificant source of distress after the operation. This is likely due

to an increase in the patient’s attention to her augmented

breasts postoperatively. In the authors’ opinion, it is far easier

to allay patient concerns about an asymmetry that was

discussed and documented preoperatively.

Required measurements include nipple-to-sternal notch dis-

tance, nipple-to-inframammary fold (IMF) distance, and the

breast base–width (taken just above the nipple). The measure-

ment of breast height and intermammary distance are also rec-

ommended. Additional helpful findings on physical exam

include a pinch test of the upper pole to assess the amount of

soft-tissue coverage and an assessment of skin envelope quality

(e.g., stretch marks may indicate an inelastic envelope). These

measurements are verbalized as they are being taken to rein-

force any asymmetries to the patient.

The lie of the breast on the chest wall (i.e., lateralization of

nipple and breast) versus normal positioning should also be

documented. It should be discussed with the patient that the

postoperative intermammary distance is determined by the

preoperative state. Simply stated, with a properly sized implant,

the patient with a normal intermammary distance will be nor-

mal and patients with a wide intermammary distance will be

wide postoperatively. It is imperative that the patient under-

stands that the breast footprint cannot be changed. Essentially,

breast augmentation fills out the existing breast behind the

existing nipple position.

32.3 Preparation for Surgery
There is no single approach in breast implant surgery that is

ideal for every patient. Surgical decision-making should be cus-

tomized to the needs and expectations of the patient. However,

in general, preparation and planning for surgery can be broken

down into three major decisions: implant selection, access

incision, and pocket location.

32.4 Implant Selection

32.4.1 Implant Shell

Essentially, two types of implant shell are currently available:

smooth and textured. While the texturing process varies by

manufacturer, these devices were developed to mimic the

surface of polyurethane covered implants, which had very low

capsular contracture rate, but were removed from the market

due to breakdown to a carcinogenic compound. Level I studies

have not supported the lower capsular contracture rates utiliz-

ing the current textured implants.1,2,3,4,5,6,7,8,9,10,11,12,13,14 More-

over, there are as many level I studies showing no difference as

there are that show a benefit, which likely indicates that surface
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texture does not have a major role in capsular contracture,

especially in the subpectoral pocket plane. The available litera-

ture is less conclusive for subglandular pocket plane, and there

seems to be a possible benefit of less capsular contracture with

implant texturing in this position.4,9,10,15 However, recent

reports have shown an increased incidence of late seroma

development associated with implant texturing.16

32.4.2 Implant Filler Material

The type of implant filler is limited to two choices: silicone and

saline.

Silicone is beneficial in that it offers the most natural feel.

After a period of unavailability due to health concerns, the FDA

again approved silicone implants for general aesthetic augmen-

tation in 2006. However, it should be noted that when silicone

implants are used for breast augmentation, their use is limited

by the FDA to patients older than 22 years.17 As new genera-

tions of implants have been introduced, the silicone gels have

become progressively more cohesive through crosslinking of

the silicone polymer. Currently, all modern silicone implants

contain cohesive gels of varying viscosity. Form stable implants

maintain their shape without collapsing under their normal

weight or being deformed by the surrounding soft-tissue enve-

lope. These implants are often referred to as highly cohesive

gels. There is some evidence that form stability has some long-

term advantages in minimizing implant-related complications,

such as leak and capsular contracture.18,19,20 However, for a

given volume, form-stable implants require incisions 0.5 to

1.0 cm larger than round non–form-stable implants. For all

modern silicone filled implants, the FDA recommends that

patients receive MRI screening for silent rupture 3 years after

the initial placement and every 2 years thereafter.21

Although the feel of saline implants is less natural than that

of the silicone gels, leaks are easier to detect and are safely

absorbed by the body. Additional disadvantages include an

increase in visible implant wrinkling. From a procedural

standpoint, these implants require access incisions that are

smaller and potentially more easily concealed, since they are

inserted in a deflated state. In addition, there is room for in-

traoperative adjustment of the final implant size based on

the manufacturer recommended fill range making these

implants particularly advantageous in patients with signifi-

cant asymmetries.

32.4.3 Implant Shape

Both silicone and saline implants are now available in a large

variety of shapes (▶ Fig. 32.1, ▶ Fig. 32.2, ▶ Fig. 32.3, ▶ Fig. 32.4).

Most round implants come in different projections for a given

Fig. 32.1 Various smooth round silicone gel

implants in multiple styles, base widths, and

projections with approximately 300 mL volume

(295–325 mL). Front row (L to R): Allergan

Natrelle Inspira SRM 310cc, Allergan Natrelle

Inspira SRF 295cc. Middle row (L to R): Allergan

Natrelle Style 10 300cc, Allergan Natrelle Style 15

304cc, Allegan Natrelle Style 20 325cc. Back row

(L to R): Allergan Natrelle Style 40 300cc, Allergan

Style 45 320cc.

Fig. 32.2 Side profile of various silicone gel

implants. From left to right: Allergan Natrelle

Inspira SRM 310cc, Allergan Natrelle Inspira SRF

295cc, Allergan Natrelle Style 10 300cc, Allergan

Natrelle Style 15 304cc, and Allegan Natrelle Style

20 325cc.

Fig. 32.3 Side profile of various silicone gel

implants. From left to right: Allergan Natrelle

Style 10 300cc, Allergan Natrelle Style 15 304cc

and Allegan Natrelle Style 20 325cc, Allergan

Natrelle Style 40 300cc, and Allergan Style 45

320cc.
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volume (low-profile, moderate-profile, moderate-plus-profile,

high-profile, and ultra-high-profile). Shaped/anatomic implants

come with even more variability because of an asymmetric shape

in which width, height, and projection can all be varied. In gen-

eral, these implants have a tapered upper pole and fuller lower

pole, which is intended to give a more natural breast shape.

However, utilization of shaped implants requires more precision

as orientation must be both appropriate and symmetric. Over-

dissection of the implant pocket can lead to malposition and

rotation, which is highly problematic when utilizing a shaped

device. Studies have shown that patient satisfaction is similar in

using either a round or shaped device.19 Further, plastic surgeons

saw no difference in regard to overall breast beauty by implant

shape and scored round implants higher in regard to naturalness

and upper pole appearance (▶Fig. 32.8, ▶Fig. 32.9).22

32.4.4 Implant Size

The primary driving force for many patients regarding size

selection remains achieving a desired cup size. However,

choosing volume in this manner often leads to reoperation, as

the volume selection has not matched the tissue characteristics

or the footplate of the breast. Alternatively, and more appropri-

ately, the guiding principles popularized by Tebbetts should be

to optimally fill the breast while respecting its natural bounda-

ries.23,24 Classically, the most important dimension is the width

of the breast and therefore the width of the implant itself. The

other dimensions and skin envelope may further guide the

selection process. Ultimately, we routinely utilize the breast

width to select a range of implants available to the patient, and

allow the patient to choose the final volume with assistance

from the surgeon regarding the type and shape of implant that

will best achieve the patient’s goals.

32.5 Access Incision

32.5.1 Inframammary

This approach provides the most direct access to all possible

pockets and avoids having to enter the breast parenchyma. The

scar is generally well concealed if appropriately planned. This is

also the most versatile incision for future revisions. There are

data to suggest a decreased capsular contracture rate with this

incision when compared to the periareolar incision.25,26

32.5.2 Periareolar

This approach typically results in a well-concealed scar within

the interface of the nipple-areola complex (NAC) and the breast

skin. However, a hypertrophic scar in this location is very

unsightly and can be difficult to correct. A nipple diameter of at

least 3.5 cm is required for adequate access. The contamination

theory suggests a higher rate of capsular contracture through this

approach due to bacteria present within the breast ductules.27,28

32.5.3 Transaxillary

This approach completely avoids the potential for placing a scar

on the breast. However, it is the least versatile of the recom-

mended approaches and is furthest from the pocket. In general,

only saline implants in the subpectoral pocket are recom-

mended with this approach. Silicone gel implants and the sub-

glandular plane may also be used but this is technically more

challenging. With this approach, the utilization of an endoscope

results in greatly enhanced visualization.29

32.5.4 Transumbilical

This approach is restricted to inflatable saline devices and because

of the blind nature of this dissection and imprecise pocket crea-

tion, it is not recommended by the authors in any situation.

32.6 Pocket Location

32.6.1 Subglandular

This pocket provides both good projection and shape, and mini-

mizes distortion of the implant in muscular or active patients.

This pocket may also provide a small degree of lift in breasts

with mild ptosis and volume deflation. Utilization of this pocket

requires at least 2 cm of upper pole soft tissue coverage as

determined by pinch test. Drawbacks of this pocket include a

potentially higher capsular contracture rate, more implant edge

palpability, greater visible rippling or implant visibility, and an

increased degree of mammography interference.1,15

32.6.2 Subpectoral

This pocket provides the thickest soft tissue coverage, lower

capsular contracture rates,1,15 and minimizes implant visibility

and palpability. However, there is less upper pole projection

when compared to the subglandular plane, and the upper pole

projection is more challenging to control. Additional drawbacks

of this pocket are related to the overlying pectoralis major,

which may distort the implant with activity (animation

deformity) and can also cause lateral displacement of the

implant over time, resulting in a wider cleavage, or intermam-

mary distance particularly when the patient lies down. A dou-

ble bubble deformity where the breast tissue migrates

Fig. 32.4 Side profile of various silicone gel

implants. From left to right: Allergan Natrelle

Inspira SRM 310cc, Allergan Natrelle Inspira SRF

295cc, Allergan Natrelle Style 40 300cc, and

Allergan Style 45 320cc.
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inferiorly over the fixed implant is also more common when

this pocket is utilized. Finally, muscle spasm should be antici-

pated and a pretreatment of such spasm should be considered.

32.6.3 Biplanar (Dual Plane)29

This approach allows for upper pole coverage by the pectoralis

major with varying amounts of lower pole coverage by the breast

parenchyma. Division of the origins of the pectoralis at the IMF

allows for retraction of a portion of the pectoralis, with a resultant

direct exposure of the implant surface to the breast parenchyma

along the lower pole of the implant. This allows for the implant to

rest at the IMF, thus expanding the lower pole and potentially

improving breast ptosis (▶Fig. 32.5, ▶Fig. 32.6, ▶Fig. 32.7).

Dual Plane I

This involves division of the pectoralis major origins along the

IMF. No additional separation of the breast parenchyma and

underlying pectoralis fascia is performed. The subpectoral space

is then dissected for implant placement (▶ Fig. 32.5). This is the

approach performed by our practice in most subpectoral breast

augmentations (see surgical technique).

Dual Plane II

In addition to the release of the pectoralis and creation of the

subpectoral pocket as described in dual plane I, the breast

parenchyma is released from the underlying pectoralis fascia to

the level of the inferior border of the NAC (▶ Fig. 32.6). This is

our group’s preferred approach in patients with mild ptosis that

do not want a concurrent mastopexy. (▶ Fig. 32.5, ▶ Fig. 32.7)

Dual Plane III

This approach follows that of dual plane II but involves continued

release of the breast parenchyma to the level of the superior bor-

der of the NAC. This maximizes the amount of parenchymal cover-

age of the implant while still providing additional soft-tissue

muscle coverage of the upper pole (▶Fig. 32.7).

32.6.4 Preoperative Patient Counseling

In addition to the normal risks of surgery (bleeding, infection,

damage to nearby structures), additional considerations that

should be routinely discussed include the potential for scarring,

loss of nipple sensation, implant rippling, implant rupture,

blocking of breast tissue on mammography, animation deform-

ity (with submuscular pocket selection), capsular contracture

or pocket malposition requiring further surgery and cost, and

development of anaplastic large cell lymphoma (ALCL) at a rate

of 1/200,000.30 The current FDA recommendations for MRI

surveillance should also be mentioned in patients undergoing

breast augmentation with silicone gel implants and it should be

noted that these costs are rarely covered by insurance. The pub-

lished data regarding rupture and reoperation rates over a 10-

year period of approximately 8 and 36%, respectively, is quoted.31

No guarantees on results or cup size are implied or given.

32.7 Treatment

32.7.1 Surgical Technique: General

In all situations, the patient is initially given prophylactic anti-

biotics and appropriate deep venous thrombosis prophylaxis

Fig. 32.5 Dual Plane I. Release of pectoralis

muscle at the IMF.
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measures are taken. The patient is then prepped and draped in

the usual sterile fashion with the upper extremities secured to

arm boards at 90 degrees to the thorax. The planned incision is

then marked and carried out in the manner selected as

described below (▶ Table 32.1). Dissection of a precise pocket

under direct visualization, while maintaining meticulous

hemostasis, is aided with the utilization of a lighted retractor

and/or endoscope depending on the desired approach. Early in

one’s career, an exact implant sizer can be utilized to verify the

pocket size and positioning. After the implant pocket has been

appropriately created, the permanent implant and pocket are

then irrigated with an antibiotic solution (50,000 units of

bacitracin, 1 g cefazolin, and 80mg gentamycin in 500mL of

normal saline). The pocket is again visualized to ensure hemo-

stasis. All visible blood is copiously irrigated, after which the

implants are inserted utilizing a no-touch technique. Although

not utilized in our practice, a funnel device can aid in the place-

ment of silicone implants. The patient is then brought into an

Fig. 32.6 Dual Plane II. Release of pectoralis

muscle to inferior border of nipple-areola

complex.

Fig. 32.7 Dual Plane III. Release of pectoralis

muscle to superior border of nipple-areola

complex.
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upright sitting position to verify symmetry and implant posi-

tion. When the surgeon is satisfied with the result, the patient

is returned to the supine position and a meticulous layered clo-

sure is performed. We prefer to utilize chromic suture to close

both the implant pocket and the deep dermis, in simple inter-

rupted and buried interrupted fashion, respectively. The epider-

mis is then re-approximated with a subcuticular Monocryl

suture. Surgical skin adhesive is applied. A 6-inch ACE wrap is

then utilized to provide gentle but firm circumferential support.

The details regarding incision and pocket location are detailed

below.

32.7.2 Inframammary Approach

The incision is planned in the projected inframammary

crease, with the majority of the incision placed lateral to a

line projected down from the nipple. The incision length is

usually 4.5 to 6 cm in length, depending upon the implant

type and size. The incision is made and carried down until

the prepectoral fascia is identified. If a subglandular pocket

has been chosen, this is the plane of pocket dissection. If a

subpectoral pocket has been chosen, dissection is then car-

ried laterally to identify the lateral border of the pectoralis

major. The plane beneath the pectoralis is then entered. The

subpectoral pocket is then created from the lateral to medial

direction. Only the inferior most attachments of the pectora-

lis to the ribs are divided using electrocautery. The methods

of pocket creation, irrigation, implant placement, and clo-

sure as detailed above are followed.

32.7.3 Periareolar Approach

The incision is planned from the 3 o’clock to the 9 o’clock

position on the inferior half of the areola at the junction of

the areola and the breast skin. The dissection proceeds in a

vertical direction directly through the breast tissue until the

prepectoral fascia is encountered. Alternatively, some sur-

geons, although not our preference, create an inferiorly

based breast skin flap, separating it from the parenchyma,

providing access to the pectoral fascia along the inframam-

mary fold. Again, if a subglandular pocket has been chosen,

this is the plane of pocket dissection. If a subpectoral pocket

has been chosen, the dissection proceeds in a more oblique

fashion, and angled inferiorly until the prepectoral fascia is

identified. Dissection is then carried laterally to identify the

lateral border of the pectoralis major. The subpectoral

pocket is then created from the lateral to medial direction.

Only the inferior most origins of the pectoralis major to the

ribs are divided using electrocautery. The sternal origins of

the pectoralis major are not disrupted. The methods of

pocket creation, irrigation, implant placement, and closure

as detailed above are followed.

32.7.4 Transaxillary Approach

The incision is planned in the lower pole of the hair bearing

skin of the axilla within the most anterior skin crease. This inci-

sion is then deepened bluntly to identify the lateral border of

the pectoralis major. Blunt digital dissection is then utilized to

develop a plane between the pectoralis major and pectoralis

minor. The methods of pocket creation, irrigation, implant

placement, and closure as detailed above are followed. With

this approach, utilization of an endoscope can greatly enhance

visualization and allow more precise dissection of the subpec-

toral and even the subglandular pockets.

32.7.5 Alterations in Technique for
Tuberous Breast

In order to treat this challenging problem, we prefer to use the

subglandular pocket as described above. Utilization of this

pocket allows for release of the constricting bands between the

pectoralis major and the breast parenchyma. Radial scoring of

the breast parenchyma is performed with a resultant release of

constricted tissue and a widening of the breast base. A periareo-

lar mastopexy is then performed on both breasts to ensure

symmetrical scarring. Finally, a saline filled implant is utilized

for greater intraoperative adjustability and correction of asym-

metry. (See Chapter 37 for greater details on the tuberous

breast condition as well as surgical treatment.)

32.8 Postoperative Care
Dressings involve minimal use of tape to avoid skin irritation.

Closed incisions are covered with surgical skin adhesive. A 6-

inch ACE bandage is then wrapped circumferentially around the

patient’s chest to provide some gentle compression in order to

help position the implant, control edema, and decrease the risk

of hematoma. This is left in place for 24 hours and then changed

to a sports bra.

The patient is kept in the post anesthesia care unit until dis-

charge qualifications are met. She is instructed to leave the

dressings in place. Most patients are given oral narcotic pain

medications and an empiric 7-day course of oral antibiotics to

cover skin flora.32

The patient follows up in clinic on postoperative day 1. Her dress-

ings are removed and the patient is examined for the development

of a hematoma. If her breasts are nontender, she is assisted into a

Table 32.1 Surgical approaches for breast augmentation

Access site Pocket choice Implant type Reuse for revisions Major benefit Major drawback

Inframammary Both All Best Ease/Versatility

Possible visible scar on

breast

Periareolar Both All Possible Scar can be well hidden

Possible visible scar on

breast

Transaxillary Both (with endoscope) All Not recommended No scar on breast Remote from pocket

Breast
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sports bra. The patient is instructed to wear this bra and avoid

breast manipulation for 2weeks. The patient is told to return to light

activity as tolerated, and back to full duty at 2weeks.

She is seen again in clinic 2 weeks postoperatively. At this

point, she is instructed on scar care. She is told to begin scar

massage 3 weeks postoperatively with an over-the-counter

scar cream, and to wear silicone sheeting as much as possi-

ble. Implant massage is not recommended by our group,

although others advocate it, particularly in subpectoral or

dual-plane implants.26 Postoperative photographs are taken

at 3 months and 1 year. With silicone implants, an MRI may

be performed at 1 year to establish a baseline, and the FDA

recommends a screening MRI to assess for silent implant

rupture at 3 years followed by subsequent imaging studies

every 2 years.21

32.9 Outcomes and Complications
Patient satisfaction is generally excellent following breast aug-

mentation, even if there is a need for further surgery

(▶ Fig. 32.8, ▶ Fig. 32.9). Patients have reported an improved

body image, overall sense of well-being, and specifically

improved satisfaction with breast appearance as well as psy-

chosocial and sexual well-being.33,34,35

Acute complications are often self-limiting. Alterations in

nipple sensitivity are common, but resolve over time in most

patients.36,37,38 If a patient presents with a wound infection, an

ultrasound may be used to assess for a periprosthetic fluid col-

lection. Simple wound infections with no or minimal peripros-

thetic fluid will generally respond to oral antibiotics if initiated

early. If the infection is severe, does not resolve, or recurs, it

should be treated with explantation.39,40 Hematomas occur in

about 1% of patients and must be evacuated if they are large or

expanding.41,42 Mondor’s disease is a superficial thrombophle-

bitis of the breast that may be treated with NSAIDs and warm

compresses.43 Wound breakdown leading to implant exposure

must be treated with explantation.39,40

The reoperation rate in our practice is similar to the pub-

lished rate of 25%.34 The most common indication for reope-

ration is capsular contracture, which generally occurs in the

first year post operatively.12,37,44,45,46 As discussed previously,

the rate of occurrence is dependent upon implant type and

pocket choice.47 Additionally, bacterial contamination lead-

ing to biofilm production around the implant is thought to

be a major driving force in the etiology of capsular contrac-

ture.48,49 Factors that have been found to reduce the risk of

capsular contracture are the use of an inframammary inci-

sion, textured implants, subpectoral placement, and antibi-

otic irrigation; conversely, hematoma, seroma, infection,

smooth implants, and subglandular implant placement

increase the risk of capsular contracture.1,20,26,32,43,47,50

32.9.1 The Baker Classification and
Grades of Capsular Contracture

Baker grade I and II capsular contractures generally require no

intervention, whereas grade III or IV contracture should be

treated operatively (▶Table 32.2).51

The gold standard for treatment of capsular contracture is

total capsulectomy with implant removal. A position or “site”

Fig. 32.8 (a,b) Preoperative and postoperative

photos, respectively, of a patient with significant

breast deflation. Augmentation was performed

with shaped anatomical implants in a dual-plane

II fashion.

Fig. 32.9 (a,b) Preoperative and postoperative

photos, respectively, of a patient desiring larger

breasts. A round silicone implant was placed in a

dual-plane I fashion.

Table 32.2 Baker classification of capsular contracture

Grade I Normal—no palpable capsule

Grade II Minimal—palpable but not visible

Grade III Moderate—palpable and visible

Grade IV Severe—palpable, visible, and

painful

Note: Baker grade I and II capsular contractures generally require no

intervention, whereas grade III or IV contracture should be treated

operatively.

Outcomes and Complications
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change is generally recommended, particularly if the original

implant was placed subglandular. A subpectoral or dual plane

pocket is preferred.52,53 Due to the technical difficulties in per-

forming a total capsulectomy, the authors have investigated

other strategies such as anterior capsulectomies or leaving the

capsule intact and creating a new supra- or subcapsular pocket;

however, these techniques have not been proven to be as effec-

tive as total capsulectomy in preventing recurrence of capsular

contracture.9,54 Acellular dermal matrices are increasingly being

used in the treatment of capsular contracture and are showing

promise in preventing recurrence, although all studies are com-

pared to historical cohorts.55,56,57

Other significant complications are less commonly encoun-

tered. Visible implant rippling may be seen, particularly if the

implant is too large. Dynamic distortion may occur during pec-

toralis muscle activation with a submuscular implant. Implant

malposition may also occur and can be noted by lateral dis-

placement, symmastia, or an inframammary fold that is too

high or too low. If the malposition is minor, the implant may be

massaged or compressed in the correct direction. However,

these deformities may need to be corrected with pocket change,

capsulorrhaphy, or biologic mesh placement.58,59,60

Another possible complication is implant rupture. If it is a sal-

ine implant, the rupture will be noticeable due to resorption of

the saline, and the implant should be explanted and replanted. In

silicone implants, if the rupture is symptomatic or extracapsular,

the implant should be removed. Significant benefits of removing

an asymptomatic, intracapsular leaking silicone implant have not

been proven.61,62 However, if the patient requests removal in this

situation, it is our practice to remove the implant.

In addition, there have been rare cases of ALCL reported in as-

sociation with breast implants, with the vast majority associ-

ated with textured implants.30,63,64 This typically presents as a

late periprosthetic fluid accumulation. Any patient with a late

appearing seroma should at least have fluid aspirated and sent

for cytologic analysis.65

Fortunately, complications of breast augmentation are well

tolerated and patient satisfaction is high, making breast

augmentation a rewarding procedure for both surgeon and

patient.

32.10 Review Questions

32.10.1 Choose the Best Answer

1. In breast augmentation patients, the development of

anaplastic large cell lymphoma (ALCL) occurs at a rate closest

to

a) 1/20,000.

b) 1/200,000.

c) 1/2,000,000.

d) 1/20,000,000.

2. For all silicone filled implants, the FDA-recommended MRI

screening for silent rupture is

a) Three years after the initial placement and every 2 years

thereafter.

b) Yearly after implantation.

c) Only if there are symptoms of pain or significant patient

concern.

d) Every 5 years after implantation.

3. According to the authors, the single most important

measurement when selecting implant volume is

a) Nipple to inframammary fold distance.

b) Sternal notch to nipple distance.

c) Intermammary distance.

d) Breast width.

4. The complication more likely to occur with a subpectoral

pocket when compared to a submammary pocket is

a) Implant rippling.

b) Implant rupture.

c) Double-bubble deformity.

d) Capsular contracture.

5. According to the authors, the most versatile access incision

for breast augmentation is:

a) Transumbilical.

b) Inframammary fold.

c) Periareolar.

d) Transaxillary.

32.10.2 Answers

1. b. 1/200,000.

2. a. Three years after the initial placement and every 2 years

thereafter.

3. d. Breast width.

4. c. Double-bubble deformity.

5. b. Inframammary fold.
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33 Breast Reconstruction with Devices
Daniel F. Haynes

Abstract

This chapter covers the sensitive area of breast reconstruction

following mastectomy. Every consideration to be addressed

during patient presentation is listed, and treatment options are

detailed. The focus will be device-based reconstruction, utiliz-

ing tissue expanders, implants and dermal matrix. Helpful

tables identify the ideal candidates for each treatment option,

and actual surgical procedures for each treatment option are

thoroughly covered. The chapter concludes with suggestions for

postoperative care and some paragraphs on possible complica-

tions (skin necrosis, seroma, infection).

Keywords: expander, implant, MRSA screening, chemoprophy-

laxis, permanent prosthesis, BRCA 1 positive

33.1 Goals and Objectives
● Understand the proper evaluation of prospective breast

reconstruction patients.
● Clearly define the indications for the various methods of

reconstruction, and which patients are most appropriate for

each modality.
● Understand the steps involved in reconstruction, and the

anatomic considerations affecting each step.
● Understand appropriate perioperative care to maximize

patient safety and quality outcomes.

33.2 Patient Presentation
Patients presenting for breast reconstruction will fall into one

of two categories: those desiring immediate reconstruction at

the time of mastectomy or those requiring a delayed recon-

struction. Some patients will need reconstruction of both

breasts, and for others the surgeon must try to match the native

breast after a unilateral mastectomy.

With the advent of genetic testing, plastic surgeons are see-

ing a greater number of women desiring prophylactic mastec-

tomy. In general, these patients are younger, healthier, and will

not have the concerns arising from adjuvant chemotherapy or

radiation (▶ Fig. 33.1, ▶ Fig. 33.2, ▶ Fig. 33.3).

The initial history should include information about the

patient’s oncologic status, including planned or on-going che-

motherapy, and previous or planned radiation. For patients

having immediate reconstruction, the need for radiation ther-

apy may not be well defined at the time of surgery, and will

depend on ultimate node status and pathologic examination of

the surgical specimen. Additional history should include other

surgeries on the breasts, such as previous biopsy or cosmetic

procedures, and assessment of co-morbidities, especially car-

diac or other major system disease, diabetes, and the use of

anticoagulants or anti-platelet agents.

Physical assessment includes evaluation of (1) the diameter

and shape of the patient’s breast (or previous breast boundaries,

if postmastectomy) which will predicate the base diameter of the

tissue expander or implant; (2) skin quality, including the pres-

ence of stretch marks, amount of subcutaneous fat, and previous

surgical scars; (3) skin laxity, including assessment of fibrosis

from previous surgery or radiation therapy; (4) thickness and

breadth of the underlying pectoralis muscle. The presence of pre-

vious scars, either from breast biopsies/lumpectomies, or from

breast contouring (i.e., mastopexy), can affect the underlying

blood supply, and hence reliability of the skin flaps. Examination

should be done in both the supine and sitting positions, to assess

the mobility of the skin, areas of redundancy, and thickness of

the subcutaneous fat, which in delayed reconstruction, is not

always uniform. The hands-on-hips position is beneficial to asses

skin redundancy in the lateral chest, variously known as the lat-

eral thoracic fold or lateral chest roll.

Previous radiation therapy does not preclude the use of an

expander, but such patients should be approached on a case by

case basis, and apprised of the greater risk of complications and

implant loss.1,2 Patients vary in their response to radiation, and

the tissue quality should be carefully assessed. If the skin is

noticeably tighter and thinner than the un-radiated side, then

consider autologous tissue, either as the sole reconstructive

technique, or to overlay the expander. If the skin is mobile and

appears healthy, and the muscle is pliable and of good caliber,

then muscle fibrosis is usually minimal, and subpectoral

expander placement may be considered. The patient should be

advised that autologous tissue could be needed as a secondary

procedure if complications are encountered, or if the tissue will

not expand sufficiently.

Fig. 33.1 (a,b) Patient with right breast cancer,

well suited to areola-sparing mastectomy and

immediate reconstruction.
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33.3 Preparation for Surgery
Diagnostic data required in preparation for surgery is similar to

other elective major procedures and is dependent on age, the

presence of comorbidities, and requirements of the surgical

center in which the procedure will be performed. In general,

the author requires a baseline hemoglobin and hematocrit, and

basic chemistry on most patients. Diabetic patients should have

good glucose control, and a hemoglobin A1c within normal

range. Patients who have recently undergone chemotherapy

should have a total neutrophil count (TNC) > 1,500. Cardiac

workup is dependent on patient age, history and the facility in

which the procedure is being done. In general, if an electrocar-

diogram is abnormal, internal medicine or cardiology evalua-

tion should be obtained. Consider nasal MRSA screening, or

empiric decolonization with mupirocin.3 The patient is asked to

bathe daily with a chlorhexidine solution, and to use chlorhexi-

dine mouthwash, beginning five days prior to surgery.

33.4 Treatment
Treatment Options and Indications:

The choices for surgical treatment fall into two categories,

immediate or delayed reconstruction:

1. Immediate reconstruction with tissue expander. If the

surgeon performing the mastectomy usually leaves healthy,

well-vascularized skin flaps, then immediate placement of a

tissue expander is performed (▶ Table 33.1).

2. Immediate, direct to implant reconstruction. If the skin flaps

appear reliable, and the patient desires the same or smaller

breast size, it may be feasible to place the permanent

implant at the time of the mastectomy (▶Table 33.2).

3. Immediate reconstruction with autologous tissue and

underlying expander. In a patient with less optimal tissue

quality, especially if previously irradiated, a latissimus flap

will provide additional skin envelope, and a healthy, well

vascularized layer over the expander (▶ Table 33.3).

Fig. 33.2 (a,b) Same patient as in ▶ Fig. 33.1,

showing preoperative marking, and preservation

of the areolae at completion of bilateral

mastectomy.

Fig. 33.3 Same patient, showing (a) expanders

inflated and (b) after exchange for cohesive

silicone implants.

Table 33.1 Ideal candidate for breast reconstruction with tissue

expander

Clinical

feature

Description

Body type Fit, but can be mildly overweight; risks increase with

increasing BMI. Consider delayed reconstruction or

flap, with BMI > 354,5

Chest contour Normal, without excessive carinatum or excavatum

deformity

Skin quality Adequate laxity must be present to accommodate the

underlying expander or implant, without

compromising wound closure or tissue perfusion

Psychology The patient should be psychologically stable. If the

patient has recently been diagnosed with cancer, she

should be emotionally able to undertake

reconstruction, and have adequate social support

from family and friends to assist in postoperative care

and recuperation

It is very helpful if the patient has previous experience

with reconstruction in friend or family member

Smoking While reconstruction can be undertaken in patients

who smoke, the risk of complications is increased.1

The author requires all patients to stop smoking prior

to breast reconstruction

General health The patient should be counseled on the benefits of a

balanced diet and regular exercise

Table 33.2 Ideal candidate for direct to implant reconstruction

Clinical feature Description

Body type Small to moderate breast size, and wanting to be

the same size or smaller

Skin quality Good, with adequate elasticity

Smoking Nonsmoker

Treatment
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4. Delayed reconstruction. If the patient’s health is not optimal

or if the skin flaps after mastectomy are of questionable

viability, then it is in the patient’s interest to defer the

reconstruction to a later date. In the case of a planned

immediate reconstruction, but poor quality skin flaps,

proceed to verify hemostasis, use appropriate antisepsis, and

close the wound gently over a drain. The subsequent loss of a

portion of the skin envelope will not jeopardize an

underlying device, and chemotherapy will not be delayed for

treatment of a device infection. Some surgeons may proceed

after objective assessment of the skin flap blood supply via

fluorescence or intraoperative angiography, with appropriate

resection of compromised skin. The author does not favor

this approach, since it does not fully remove the risk of poor

healing and subsequent loss of the device and delays in

adjuvant therapy (▶ Table 33.4).

5. Immediate or delayed reconstruction with autologous tissue

alone. Patients with appropriate body habitus, or a

reluctance to use implants, may be reconstructed with either

pedicled or free tissue transfer.

33.5 Surgical Preparation
Most patients undergoing mastectomy and immediate recon-

struction will stay one night in hospital. The occasional stoic,

small breasted, unilateral patient may choose surgery on an out-

patient basis. Effective control of postoperative nausea is benefi-

cial, as the straining associated with retching may tear freshly

repaired tissue, and increase the risk of postoperative bleeding.

Preoperative medications such as ondansetron (Zofran) and apre-

pitant (Emend) have proven efficacy, as does transdermal scopol-

amine. Continuous mechanical intraoperative DVT prevention via

sequential compression boots is mandated in all breast recon-

struction surgeries done under general anesthesia. A DVT risk

assessment should be completed preoperatively, and chemopro-

phylaxis should be used if indicated. The longer operative times

associated with more complicated reconstructions will skew the

analysis toward adding chemoprophylaxis.

Preoperative marking may be done in either the sitting or the

standing position. The author marks the midline and inframam-

mary fold, and also the lateral extent of the breast, provided it

is well defined. For immediate reconstruction, the mastectomy

surgeon may be willing to place these marks preoperatively.

Some surgeons will efface the inframammary fold during the

mastectomy, so preoperative marking is beneficial.

For immediate reconstruction, it is the author’s practice to

have the mastectomy surgeon verify hemostasis, close the

wound loosely with staples, and then apply a Tegaderm or

OpSite dressing (▶ Fig. 33.4a). The patient is then sterilely re-

prepped and re-draped, and new instruments are used for the

reconstruction. Antibiotics may be redosed, depending on time

interval since the initial dose. In a unilateral reconstruction, it is

helpful to prep the uninvolved breast into the field, to allow

better assessment of symmetry. Covering the exposed nipple

with a Tegaderm will isolate bacteria residing in the milk ducts.

33.6 Operative Technique—
Expander

33.6.1 Immediate Reconstruction with
Tissue Expander

In a bilateral reconstruction, the author prefers to begin on the

breast cancer side. If the tissue quality differs appreciably

between sides, it will more likely be impaired on the side where

Table 33.3 Candidates who would benefit from the addition of

autologous tissue

Clinical feature Description

Body type 1. Thin, with minimal subcutaneous fat

2. Small to moderate breast size, and wanting to

be significantly larger

Skin quality Fibrotic or tight, especially if previously radiated

Smoking Patients who are unable to quit smoking may

benefit from the increased vascularity provided by

a latissimus myocutaneous flap

Table 33.4 Ideal candidate for areola-sparing mastectomy and

reconstruction

Clinical

feature

Description

Body type Small to moderate breast size; desire for larger size

after reconstruction can be accommodated

Minimal to moderate ptosis

Fairly symmetrical, or willing to tolerate postoperative

disparity in nipple position

Skin quality Good, with adequate elasticity

Smoking The areola is a watershed region in terms of

vascularity, and may not survive in patients who

smoke

Fig. 33.4 Patient undergoing bilateral

submuscular reconstruction with tissue expander.

(a) Note the higher inframammary fold on the

patient’s left. (b) the pectoralis is retracted

superiorly, and the serratus and overlying fascia

have been elevated in an inferolateral direction.

Breast
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the cancer resection was performed. This allows the surgeon to

judge the most appropriate tissue expander or implant, and to

determine the need for allograft or autologous tissue. Both sides

can be approached simultaneously, alternating from side to

side, however this adds operative time, and with experience

becomes less useful. Cover the opposite nipple with Tegaderm

in unilateral reconstruction.

The mastectomy wound should be irrigated clean, if needed,

and reverified for hemostasis. Bleeding points are often present

on the deep surface of the skin flaps, and these should be con-

trolled completely but carefully. Infiltration of local anesthetic is

then performed to help with postoperative pain relief. The author

injects the medial pectoralis, the serratus along the mid-axillary

line, and the body of the pectoral muscle, which helps to

decrease postoperative muscle spasm (▶ Fig. 33.4, ▶ Fig. 33.5).

Assess the skin flaps for quality and vascularity. If the skin flaps

are not adequate in extent or in perfusion, then the reconstructive

surgeon may simply close the wound over a drain, and perform

the reconstruction in a delayed fashion. Keep in mind that the

ultimate objective is a satisfied patient, with a durable, healthy

reconstruction. It is worth an extra surgery to obtain this goal, if

the skin coverage is not adequate for an immediate procedure.

If the inframammary fold (IMF) has been effaced, it should be

reattached for better postoperative definition. Use the mini-

mum number of sutures necessary, to avoid impairing perfu-

sion in the inferior skin flap. At this point, a preliminary

decision is made regarding the need for acellular dermal matrix

(ADM) or absorbable mesh.6 If the pectoralis major muscle is of

good caliber, extends to the inframammary fold, and there is

adequate soft tissue in the serratus and its overlying tissue,

then total muscle coverage is performed (▶ Fig. 33.4b). There is

published clinical data supporting a slight decrease in infection

risk with total sub-muscular placement, as compared to ADM

(▶ Fig. 33.6).3

The pectoral muscle is elevated, using a lighted retractor for

visualization. If the inferior border of the pectoralis is high rela-

tive to the IMF, then ADM or absorbable mesh is used to hold

the muscle out to length (▶ Fig. 33.6). If the inferior border of the

muscle is at or below the IMF, then the muscle is left attached to

the overlying skin flap, but is released from its origin on the ribs,

to facilitate better expansion of the lower pole. If the serratus is

to be elevated, this is done from medial to lateral, dissecting far

enough to accommodate the footprint of the desired expander.

Perforating vessels from the intercostal arteries can produce

troublesome bleeding, and should be carefully controlled. Trans-

ection of nerve branches is avoided if possible. The author

washes the wound clean at this point, first with chlorhexidine

irrigation (Irrisept), and then with triple antibiotic solution.

A variety of expanders are available, with most surgeons

choosing a device with an integrated port. Securing the position

of smooth surfaced expanders with suture tabs is necessary to

prevent rotation of the expander during the period of inflation.

The expander is brought onto the field, and checked for leaks.

Many surgeons change gloves before handling the expander (or

implant), and it is good practice to minimize the number of

other scrubbed team members who touch the device. Aspira-

tion of most of the air from the expander will facilitate inser-

tion. The device is checked for correct orientation, and secured

with at least one suture tab. Expanders may have a tendency to

migrate laterally during inflation, and this can be limited if a

medial suture tab is well secured to the underlying tissue.

The device is rinsed with antiseptic or antibiotic after inser-

tion, and if the serratus is utilized, it is sutured to the lateral

pectoral edge with horizontal mattress sutures of 2–0 Vicryl.

ADM or absorbable mesh may be inset at this point along the

inferolateral border of the expander. Port position is verified

with the supplied magnet, and an initial saline fill is performed.

Consider the quality of the skin flaps when deciding the

Fig. 33.5 Same patient as in ▶ Fig. 33.4. (a) The

expander is in place beneath the muscle.

(b) Immediate postoperative appearance.

Fig. 33.6 (a) use of Vicryl mesh, bridging

between the pectoralis and serratus. (b) similar

use of acellular dermal matrix.

Operative Technique—Expander
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amount of initial fill volume, as undue tension will impair circu-

lation in the skin.

Prepectoral placement of the expander is an option for

patients with well vascularized skin flap. Acellular dermal mat-

irx is used as a full wrap or anterior coverage of the device.

Suturing the dermal matrix, as well as the suture tabs to the pec-

toralis guards against device rotation. Advantages of prepectoral

positioning include less postoperative pain due to reduced surgi-

cal dissection and less animation deformity in the long term.

However, secondary fat grafting will be necessary in many

patients due to the thinner tissue coverage of the final device.

If the lateral thoracic skin has been detached from the chest

wall over a wide area, it is beneficial to redrape this against the

underlying serratus, and secure with several sutures. At this

level, the long thoracic nerve has usually arborized so that it is

not at risk. If the sutures are tied loosely there is less likely to be

visible skin puckering postoperatively.

In immediate reconstruction, at least one closed suction drain

is utilized. In patients undergoing axillary node dissection, a

second drain is often placed to drain the axilla. In selected

patients having delayed reconstruction, the drain may be omit-

ted if the wound is quite dry, and there is not a large amount of

free space that would benefit from suction coaptation. Tunnel-

ing the drain through 3 to 4 cm of subcutaneous fat before exit-

ing the skin may decrease the risk of bacterial contamination

ascending along the drain tract. The drain is secured to the skin

with a double suture of 2–0 silk.

The skin flaps are then redraped, and a final assessment made

of skin viability. Any questionable areas should be excised to

good dermal bleeding. Significant dog-earing is also contoured at

this time. Tissue approximation is done in layers with absorbable

tissue. Several tacking sutures to the outer surface of the pector-

alis are useful to stabilize the closure, decrease shearing, and

lower the risk of seroma. The author uses 2–0 Vicryl in the sub-

cutaneous fat, 3–0 Vicryl in the deep dermis, and subcuticular 4–

0 Monocryl in the skin. After skin closure, the incision and drain

exit sites are painted with either betadine or chlorhexidine.

The author injects 20mL of 0.25% bupivacaine through the

drain tube after skin closure. The suction bulbs are attached,

but not placed to suction until the recovery room, allowing

time for topical action of the bupivacaine.

Some surgeons prefer a bulky gauze dressing, however it is the

author’s practice to use Tegaderm or Opsite on the incisions, with

an Ace wrap or surgical bra placed directly over the transparent

dressing. If an Ace wrap is used, it will need to be re-wrapped at

least once daily, and this provides an opportunity for the patient

or family member to examine the wound, and report any eryth-

ema or other concerns. The Ace wrap should be wrapped comfort-

ably snug, but not tight, sufficient to decrease motion of the

expander, and hence postoperative pain, and decrease the risk of

venous bleeding. Tight external wrapping could adversely affect

skin flap vascularity. The urinary catheter is removed before awak-

ening, to encourage postoperative ambulation.

33.7 Direct to Implant
Reconstruction
The surgical procedure is similar to placement of the tissue

expander. Precise dissection of the implant pocket is more

critical, since there is no planned second step to allow correc-

tion of discrepancies. A larger portion of ADM or mesh may be

utilized to accommodate the volume of the desired implant.

The use of temporary sizers is advisable, both to judge tension

on the skin closure before placing the permanent implant, and

in bilateral procedures to allow selection of the most appropri-

ate implants for symmetry. Often the cancer side of a bilateral

procedure has undergone a more aggressive mastectomy,

resulting in less residual tissue remaining. Therefore two differ-

ent implant sizes may be needed to give the best visual balance.

33.8 Delayed Reconstruction with
Tissue Expander
Bilateral: Expander insertion is similar to immediate reconstruc-

tion. Preoperative attention should be directed to any asymme-

tries in the skin envelope, as it is helpful to address these during

placement of the expander. Careful preprocedure marking is

therefore needed. Significant dog-ears or unilateral skin excess

should be tailored at this stage—the subsequent expansion will

likely be more uniform, and any touchups that are required to

the skin envelope at the second stage will be more apparent.

The tissue expander is usually placed beneath the pectoral

muscle, unless the skin flaps are unusually thick and healthy. If

the lateral skin is thin, then the expander may be placed

beneath the serratus also.

Some patients will have considerable sclerosis on the outer

aspect of the pectoralis, and occasionally a mature seroma cav-

ity is found between the muscle and overlying skin. This should

be released through cross-hatch scoring, or by removal of the

serosal wall, to avoid interference with expansion. The author

finds that in most patients a drain is unnecessary, provided the

wound is dry. If ADM is used, then a drain is recommended.

Unilateral: It is helpful to perform contralateral symmetry

procedures, such as a reduction or mastopexy, at the same time

as placing the delayed expander. This allows the contralateral

breast to heal well and assume its final form during the process

of expansion. The extent of expansion may thus be tailored to

the size of the contralateral breast, and the most appropriate

implant can be selected for size and shape match.

33.9 Expansion
A period of initial healing as long as several weeks is allowed

before starting to stretch the muscle and skin. The expansion

process may take several months, depending on tissue cover-

age, elasticity, and the required volume. Ideally, expansion

should be done quickly enough that minimal scar tissue can

form around the expander, but slowly enough that the patient

is spared undue discomfort. A fill volume of 60 to 100mL at

each expansion works well for most patients.

Expansion can be continued during chemotherapy. It is the

author’s practice to inflate the expander several days prior to

the next dose of chemotherapy, when the white blood count is

near its peak. Expansion should not be done during radiother-

apy, as shape change in the breast will alter the radiation dose

calculations. Avoid overstretching the pocket if planning use of

a shaped prosthesis, as a pocket that is too lax will allow the

implant to rotate out of correct orientation.

Breast
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33.10 Replacement with
Permanent Prosthesis
One of the benefits of expander based reconstruction is that the

surgeon has two opportunities to shape the breast. At the sec-

ond stage, the expander is removed, and the permanent

implant inserted. Take full advantage of this procedure to adjust

the implant pocket, the overlying muscle, and the skin envelope

to achieve the best symmetry. In a unilateral reconstruction,

the patient is often amenable to additional adjustments to the

contralateral breast. If a reduction or lift was previously per-

formed, slight adjustments to the nipple position or additional

skin tightening along the previous incisions can be quite helpful

in better matching the reconstructed breast.

The expander is usually approached through the existing

mastectomy scar. Opening the muscle in the direction of its

fibers will help preserve vascular supply to the muscle. The tis-

sue expander is deflated and removed, and the pocket inspected

with a lighted retractor. Adjustments to the pocket are made as

needed, and may include raising or lowering of the IMF, scoring

incisions through the capsule, partial removal of the capsule, or

capsulorrhaphy to help hold the implant in the desired position.

If using a shaped implant, it is useful to have some raw surface

within the pocket for the implant to adhere to, to help prevent a

rotation deformity. This may be achieved either with partial cap-

sulectomy, multiple scoring incisions, or punctate cautery mark-

ing. The surgeon should have a lower threshold for using drains

with shaped implants, as fluid accumulation within the pocket

can float the implant, and allow malrotation.

The pocket is rinsed with antiseptic and/or antibiotic solution,

and verified for hemostasis. Temporary sizers are very useful in

selecting the appropriate implant size. As with the expander,

minimize the number of personnel who handle the device

(ideally only the surgeon), and minimize contact with the skin.

Smooth implants may be inserted using the Keller funnel.

Once the implant is inserted, the author performs a tempo-

rary closure of the muscle and skin, and the patient is brought

to the semi-sitting position to check symmetry. Additional

modifications can then be made if needed, and may include fat

injection into the subcutaneous tissue to address contour dis-

crepancies. There is some evidence that fat injection may

improve tissue quality in radiated breasts.

Once maximal symmetry has been obtained, the pockets are

closed in layers, using drains only if necessary. Ten cc of local

anesthetic added to the pocket before closure will decrease

postoperative pain. If the pockets are quite dry, it is the author’s

preference to utilize a surgical bra for support. Otherwise, an

Ace wrap is applied for additional compression.

33.11 Postoperative Care
The compression wrap is adjusted and reapplied daily. For out-

patient procedures, the patient is discharged home after post-

anesthesia criteria are met. For a bilateral mastectomy, the pa-

tient is usually discharged within 24 hours, although occasional

patients may need a longer stay for pain management. Surgical

drains are removed when output is less than 30mL/day for 2

consecutive days, with compression wrapping or sports bra

continued for several days after drain removal. The patient is

instructed to avoid any heavy lifting or repetitive shoulder

activity (such as vacuum cleaning) for one month after surgery.

Patients undergoing bilateral mastectomy and reconstruction

can usually return to office-based work in 2 weeks. Occupations

requiring significant upper body motion should wait until one

month after surgery.

Postoperative pain relief is provided in multi-modality fash-

ion, using a mixture of narcotic and nonsteroidal anti-inflam-

matory agents. Narcotic analgesia is provided in the form of

hydrocodone or oxycodone, supplemented in hospital with

low-dose hydromorphone (2–4mg) for breakthrough pain.

Low-dose diazepam (2mg) is helpful for muscle spasm in the

pectoralis, which can be quite uncomfortable. If the patient can

tolerate NSAIDs, such as ibuprofen, it is good practice to have

the patient alternate doses between narcotic and nonsteroidal.

Postoperative nausea is addressed with promethazine or

ondansetron. The scopolamine patch, if used, can be left on for

24 hours postoperatively—if left on longer, the patient will

likely experience blurred vision.

DVT chemoprophylaxis should be continued postoperatively

if indicated. SCDs are maintained on all patients until discharge,

and the nursing staff is asked to ambulate the patient in the hall

the evening of surgery. Patients are encouraged to ambulate

hourly during the day once at home.

33.12 Complications in the
Immediate Postoperative Period
Skin necrosis: Small areas of nonviable skin along the incision

margin, also known as edge necrosis, may be managed conser-

vatively if extending 5mm or less from the incision edge. If kept

dry, and painted with betadine or chlorhexidine, the edge

necrosis will often form a scab, and eventually separate with

healed tissue underneath. If the impaired skin is greater in

extent, and still appears viable but in jeopardy, then hyperbaric

oxygen may be of benefit. Larger areas of nonviable skin should

be debrided expeditiously and reclosed under sterile technique.

Removing fluid from the expander may be necessary to aid

reclosure.

Seroma: Seroma is best prevented rather than treated—leave

the drain if possible until the output is less than 30mL/day, and

maintain counter-pressure for several days after drain removal.

Adding fluid to the expander may speed resolution of the

seroma, and the seroma fluid may be safely drained as the nee-

dle is withdrawn from the integrated port.

Infection: There is no consensus on the duration of postope-

rative antibiotic therapy, although most surgeons will keep the

patient on oral antibiotics until drains are removed. Any new

area of erythema should be treated immediately. If the patient

has completed the postoperative antibiotic prescription, then

antibiotics should be resumed; if still taking the original antibi-

otic, then either change antibiotics or add a second with broader

coverage. Radiated breasts may benefit from a longer duration of

antibiotic coverage than is used for non-radiated patients.

33.13 Outcomes
There is considerable variation in the incidence of major com-

plications as reported in national studies; however a large

Outcomes
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meta-analysis found total complication incidence for submus-

cular reconstruction of 14%; with risks of 3.5% for seroma, 4.7%

for infection, and 4.9% for flap necrosis, and similar but slightly

higher complication rates when using ADM (▶ Fig. 33.7).7

Watchful waiting may be acceptable in some aspects of medi-

cine, but is seldom wise in breast reconstruction. If the under-

lying implant becomes infected, it will require removal—

therefore, potential complications should be managed more

quickly and aggressively than in patients without an implanted

device.

Patients who have undergone radiation therapy, whether

pre- or postoperative, experience a higher incidence of both

immediate and long-term complications (infection, implant

loss, and capsular contracture) and in many cases, an adverse

effect on aesthetic outcome (▶ Fig. 33.7).8,9

Breast reconstruction provides immediate and sustained psy-

chological benefits to women facing the challenge of mastec-

tomy for breast cancer.10 Additionally, studies have shown that

reconstruction does not affect the risk of breast cancer recur-

rence, whether local or distant, and does not interfere with the

detection of recurrence.11 Studies have also demonstrated a

normalization of body posture when a missing breast is recon-

structed.12

Restoring the normal anatomy can lessen the burden of

breast cancer, and allow a woman to go about day-to-day life

without the constant reminder of mastectomy scars, or an ill-

fitting external prosthesis (▶ Fig. 33.8). Some of the happiest

patients the author has seen are breast cancer patients,

post mastectomy and reconstruction, who are able to go to

the pool or beach with their children or grandchildren, and are

able to enjoy family time while looking and feeling normal.

33.14 Review Questions

33.14.1 True or False

1. Unilateral mastectomy and reconstruction may be

performed on an outpatient basis.

2. Chemoprophylaxis with heparin is contraindicated in

breast reconstruction surgery due to high risk of

hematoma.

3. Patients who smoke should be considered either for delayed

reconstruction or for the use of autologous tissue.

33.14.2 Choose the Best Answer

4. A 42-year-old woman with a family history of breast cancer,

has recently been screened and is BRCA 1 positive. She is

interested in bilateral mastectomy and reconstruction. She

wears a B cup bra, but would like to be a C cup after surgery.

Her body mass index is 26, there is minimal lower

abdominal fat, and she does not smoke. Which of the

following are viable treatment options?

a) Nipple or Areola-sparing mastectomy and tissue expander

reconstruction.

b) Bilateral pedicled TRAM flap.

c) Latissimus flap without underlying implant.

d) Direct to implant reconstruction.

5. Postoperative pain management

a) Will benefit from the addition of a benzodiazepine to

reduce muscle spasm.

b) Should avoid non-steroidal agents due to the risk of bleed-

ing.

c) Should include an anti-emetic to reduce nausea.

33.14.3 Answers

1. True.

2. False.

3. True.

4. a. Nipple or Areola-sparing mastectomy and tissue expander

reconstruction.

5. a. Will benefit from the addition of a benzodiazepine to

reduce muscle spasm AND c. Should include an anti-emetic

to reduce nausea.
Fig. 33.7 Sequelae of radiation therapy. Note the thinner appearance

of the skin and the multiple telangiectasias on the radiated left chest.

Fig. 33.8 (a) preoperative photo, prior to

bilateral mastectomy and reconstruction using

tissue expanders and Vicryl Mesh.

(b) postoperative photo, after replacement with

round silicone gel prostheses and nipple

reconstruction.

Breast
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34 Breast Reconstruction with Free Flaps
Nasim Abedi and Steven Bernard

Abstract

This chapter addresses the subject of breast reconstruction

based on free tissue transfer. Preoperatively, the authors stress

the importance of the patient factors that will facilitate the

selection of the right reconstructive option from the many that

are available to the surgeon. The thorough review offered in this

chapter discusses the optimum time for reconstruction, diag-

nostics (CTA, MRA, ultrasound), and the advantages and disad-

vantages of abdominal-based, free TRAM, muscle-sparing free

TRAM, deep inferior epigastric artery perforator, Rubens, glu-

teal-based, superior and inferior gluteal artery perforator,

thigh-based, profunda artery perforator, and transverse fascia

lata TFL myocutaenous flaps. Internal mammary and thoraco-

dorsal vessels are also covered. Counsel involving postoperative

care and potential outcomes concludes the study.

Keywords: abdominal-based flaps, gluteal artery based recon-

struction, free TRAM, Rubens flap

34.1 Goals and Objectives
● Understand the pros and cons of each type of breast

reconstruction based on free tissue transfer.
● Understand the advantages, disadvantages, and relative

contraindications of each type of flap.
● Understand the preoperative planning for the procedures.
● Know the evidence-based quality outcomes to maximize

patient safety and aesthetics.

34.2 Patient Presentation
Restoring the appearance, shape, and texture of breast after

mastectomy has shown to improve quality of life and psycho-

logical well-being of patients after breast reconstruction. These

procedures are broadly divided into two groups: alloplastic

reconstruction using tissue expander and/or implants and

autologous reconstruction with pedicled or free tissue transfer.

Autologous breast reconstruction offers many advantages over

implant based reconstruction. It provides superior feel and

appearance to the reconstructed breast, helps restore the

breast’s natural shape and ptosis, has lifetime durability requir-

ing fewer revision surgeries, and ages with the patient. This

chapter focuses on the microsurgical options available for

breast reconstruction.

With the multitude of options available today for breast

reconstruction, patient factors come to play an integral part in

individualizing the type of reconstruction. A thorough history

and physical exam as well as an understanding of patient’s

expectations are therefore essential.

Certain patient characteristics affect the decision to proceed

with microsurgical breast reconstruction. The factors affecting

outcomes can be broadly separated into body habitus, breast

shape, comorbidities and the cancer treatment plan. Comorbid-

ities such as coronary artery disease, obesity (body mass index

[BMI] > 30), clotting disorders, smoking history, and diabetes,

increase the complication rates of free flap surgery. The ideal

candidate for microsurgical breast reconstruction is a younger

(< 65) patient who is otherwise healthy, does not smoke, has no

history of clotting abnormality, has adequate donor tissue, and

does not require postoperative radiation therapy.

That being said, patients who do not possess these ideal crite-

ria are the vary patients who may benefit from the advantages

of free tissue transfer over implants. Generally, if the patient is

less than ideal for autologous methods as listed above, they are

an even worse candidate for implants. As implants are limited

to approximately 800mL except in rare cases, breasts larger this

of this volume are poor candidates for implant reconstruction.

As a result of our experience, we take the patient’s comorbid-

ities into account and minimize their effects as best we can and

then consider them relative contraindications. Patients who

smoke are encouraged to quit prior to semi-elective immediate

reconstruction and asked to quit prior to elective or delayed

procedures. Patients with large breast size and asymmetry

undergo procedures to improve that symmetry such as masto-

pexy and reduction.

If patient is deemed to be a candidate for microvascular

breast reconstruction, the appropriate donor site is selected

based on the breast volume and skin requirements, breast size

and shape, unilateral versus bilateral reconstruction, patient’s

size expectations, and availability of donor sites. The abdomen

has become the preferred donor site for most patients if suffi-

cient tissue is available to achieve the desired breast volume.

When abdominal tissue is not a suitable option either due to

paucity of fat or previous abdominal surgeries precluding suffi-

cient tissue transfer, the gluteal or thigh region are considered.

34.2.1 Timing of Reconstruction

Timing of reconstruction in relation to adjuvant radiation ther-

apy remains a topic of controversy. However, the majority of

surgeons agree that microsurgical tissue transfer should be

performed at 3 to 6 months after adjuvant radiation therapy is

completed.1 This is because radiation damage can cause signifi-

cant fibrosis and deformation of reconstructed breast. It is

generally recommended to consider delayed immediate recon-

struction if suspicious of requiring radiation therapy.

Patients with a BMI over 32 are encouraged to lose weight

prior to undergoing abdominally based procedures. Where pos-

sible nutrition is maximized, diabetes controlled and hyper-

coagulable states are minimized. Literature suggests that when

possible, adjunctive procedures such as reconstruction should

be delayed at least 6 weeks postchemotherapy and Tamoxifen

have been shown to increase the risk of flap complications.2
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34.3 Preparation for Surgery

34.3.1 Preoperative Imaging

With development of perforator flaps, the need for assessment

of vascular architecture of the flap has become an important

part of operative planning. Preoperative imaging has evolved

over the past decade to allow for identification and localization

of appropriate perforators, especially in abdominally based free

flap reconstruction. Modalities used today include Doppler

ultrasonography and color duplex sonogram, computed tomo-

graphic angiography (CTA), and magnetic resonance angiogra-

phy (MRA).

34.3.2 Duplex Ultrasound

Doppler ultrasound was one of the first tools used for perfora-

tor mapping through the cutaneous territory of the flap. It is

also the instrument used by most surgeons intraoperatively

and postoperatively to monitor the flap. In case of deep inferior

epigastric perforator (DIEP) and transverse rectus abdominis

myocutaneous (TRAM) flaps, the majority of dominant perfora-

tors have been shown located in the periumbilical area using

ultrasound. Color duplex ultrasound can further provide infor-

mation on the caliber, flow, direction, and velocity of these per-

forators. In their study Heitland et al showed that TRAM flap

has the highest blood flow and velocity followed by DIEP and

superior gluteal artery perforator (SGAP) flaps.3 However, ultra-

sonography does not provide information on the course and

three-dimensional details of the perforator systems. It has been

shown to be associated with a high rate of false-positive results

and a considerable rate of false-negative results. In their com-

parative study, Rozen et al demonstrated that CTA was superior

to Doppler ultrasound at identifying the course of DIEA and its

branching pattern and perforators. Furthermore, it removed the

subjective error associated with Doppler ultrasonography.4,5

34.3.3 Computed Tomographic
Angiography

Although not all high volume practices utilize preoperative

imaging, specific anatomic knowledge of the blood vessels can

help to plan for variables such as adequate donor size, perfora-

tor position and recipient adequacy. CTA has become the gold

standard for preoperative imaging of perforator flaps. It has

been shown to be accurate in assessing the perforator’s caliber

and location and their course through the muscle. Most sur-

geons use CTA for assessment of abdominal flaps and most

recently for thigh-based and gluteal flaps. It helps the surgeon

make a decision on performing a muscle sparing TRAM versus a

DIEP flap, as well as assess the patency of deep and superficial

inferior epigastric arteries specially in patients who have had

previous abdominal surgeries. Paramedian abdominal scars

have been shown to cause the most damage to the DIEA, super-

ficial inferior epigastric artery (SIEA) vessels and the perfora-

tors, while laparoscopic incisions cause the least. Casey et al

showed that preoperative CTA improved operative efficiency

and reduced the incidence of abdominal bulge in DIEP breast

reconstruction (▶ Fig. 34.1).6,7

34.3.4 Magnetic Resonance
Angiography

MRA allows reliable visualization of abdominal wall perforators

of 1-mm diameter without exposing patients to ionizing radia-

tion or iodinated intravenous contrast. Furthermore, although

CTA yields higher spatial resolution, MRA has greater contrast

resolution, which allows detection of perforators that may be

missed by CTA. Another advantage of MR imaging is that due to

absence of ionizing radiation, multiple image acquisitions can be

performed after administration of gadolinium-based contrast,

resulting in improved ability to obtain images at most optimal

times. In this way, patient-related factors can be eliminated.

Gluteal and thigh perforators can also be assessed using MRA

imaging. It can help the surgeon identify the location and

course of the perforators.8

34.3.5 Treatment

Abdominal-Based Flaps

Abdominal-based flaps are the method of choice for autologous

breast reconstruction. One of the reasons for this preference is

that most women who require breast reconstruction are at an

age where they tend to accumulate excess tissue in the lower

abdomen. The excess tissue provides an ideal donor site with

the added benefit of improved abdominal contour resembling

that of an abdominoplasty. Abdominal based flaps include

those based on the deep inferior epigastric artery system (the

free TRAM flap, muscle sparing free TRAMs, DIEP flap), SIEA

flap and the external iliac perforator flap.

Compared to a standard pedicled TRAM, the microvascular

flaps have been shown to have lower abdominal morbidity and

all offer improved flexibility at the time of inset. Counterintui-

tively, the flap specific morbidity is lower as well. This may be a

result of the typically greater investment in preoperative

Fig. 34.1 Computed tomography angiography of the abdomen

demonstrating a large perforating vessel originating from a medial

branch of the deep inferior epigastric artery. The exact position can be

determined using this technique.
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vascularity studies as noted below. Compared to other breast

reconstruction free flap option, the abdomen offers the greatest

volume of tissue and largest skin paddle. In addition, the abdomi-

nally based flaps can be harvested without a position change and

can be done concurrently with the mastectomy surgery.

The abdominal free flaps share the disadvantages of a pedicled

TRAM versus implant based reconstruction with longer surgical

time, longer recovery time and the possibility of abdominal wall

weakness, hernia and delayed healing of the donor incision. Rela-

tive contraindications are outlined in ▶Table 34.1.

Although used as first line for breast reconstruction, there

are certain contraindications that may preclude use of these

flaps. Many surgeons will not offer free flap surgery to active

smokers due to significantly higher rate of complications in this

group. Furthermore, if the patient has insufficient abdominal

tissue to provide the desired breast volume and yet is against

prosthetic reconstruction, thigh or gluteal based flaps should

be considered. Previous liposuction, obesity, and unfavorable

abdominal scars (paramedian, McBurney) are relative contra-

indications to use of abdominal based flaps, especially perfora-

tor flaps. C-section scar is not a contraindication to use of

abdominal tissue. However, preoperative imaging is recom-

mended in any patient with abdominal scar.

Knowledge of the perfusion zones of transverse abdominal

flap is important when deciding how much of the flap is to be

transferred on a single pedicle. Hartrampf et al first described

the perfusion zones of TRAM flap. Four zones were identified9:

1. Ipsilateral to the pedicle, overlying the rectus abdominis

muscle (RAM).

2. Overlying the contralateral RAM.

3. Lateral to the ipsilateral RAM.

4. Lateral to the contralateral RAM.

In 2006, the classic Hartrampf zones II and III were shown by

Holm et al to be reversed from the standpoint of blood flow.10

The ipsilateral half of abdominal flap was shown to have an

axial pattern of perfusion, whereas the contralateral half had a

random pattern. It is this pattern that should be kept in mind

when considering how much tissue can be carried for any

individual flap. For clarity in discussion of the tissue to be used

for reconstruction, the Hartrampf zones continue to be used.

Perfusion studies since then have shown that there is still fur-

ther variability in the perfusion patterns depending on whether

the medial or lateral row perforators are harvested. Wong et al

showed that the medial perforators conform to the Hartrampf

zones of perfusion while the lateral perforators follow the Holm

theory.11 In other words, the medial rows tend to perfuse across

the midline better than the lateral aspect of the abdomen.

These facts should also be taken into consideration when

designing the flap. Intra-operative fluorescent angiography and

near-infrared spectroscopy can further aid in this assessment.

Free TRAM Flap

First described by Holmstrom in 1979, free TRAM involves

removal of the full transverse rectus abdominis muscle and the

overlying anterior rectus sheath.12 The obvious disadvantages is

the total loss of muscle strength in the area of the flap as well

as loss of abdominal wall strength by removal of the overlying

fascia. Its use is indicated in patients who require large volume

reconstruction (least fat necrosis) or lack suitable perforators or

superficial inferior epigastric vessels based on preoperative

imaging. It is ideal for those patients that require maximum

blood flow such as active smokers, higher BMI patients and

those in need of multiple zones of tissue. All other abdomi-

nally-based flaps attempt to maintain a portion of the rectus

abdominis muscle and fascia.

The advantages of free TRAM flap include the following:
● Robust blood supply: Free TRAM has the best vascularity of

all abdominal based free flaps and thus has the lowest fat

necrosis rates (< 10%). Therefore it is the best option in

patients with multiple risk factors or those who require large

volume reconstruction.
● Compared to pedicle TRAM, free TRAM reconstruction has no

pedicle bulge from tunneling.
● It allows versatile shaping into a breast mound to increase

projection or match contralateral ptosis.
● Deep inferior epigastric vessel offers a long pedicle with large

artery and two venae comitantes.

Muscle Sparing Free TRAM Flap (MS TRAM)

A true free TRAM is rarely performed today for breast recon-

struction. Instead, muscle-sparing TRAM is performed preserv-

ing a longitudinal portion of muscle as well as the anterior

rectus sheath. Depending on the amount of rectus abdominis

muscle preserved, a classification system was developed by

Nahabedian et al.13 The rectus muscle is separated into three

longitudinal segments: medial, lateral, and central:
● MS-0→ Sacrifice of the full width (partial length).
● MS-1→ Preservation of the lateral segment.
● MS-2→Preservation of lateral and medial segments (removal

of the central one-third makes denervation likely).
● MS-3→Preservation of entire muscle, sacrificing either no

muscle or only a cuff around the perforators (DIEP).

Studies have shown that MS-0 and MS-1 TRAM are associated

with greater functional deficit, whereas the difference between

MS-2 and DIEP flaps are not as well appreciated (▶ Fig. 34.2).

Table 34.1 Abdominal based flaps advantages, disadvantages, and

relative contraindications

Advantages
● Large volume
● Improve abdominal contour
● No intraoperative position

change
● Good color and texture match
● Acceptable donor scar

Relative contraindications
● Insufficient abdominal tissue
● Previous liposuction
● Previous abdominoplasty
● Active smoker
● Obesity (BMI > 30)
● Unfavorable preexisting

abdominal scars (midline,

paramedian, subcostal,

McBurney): C-section scar is

generally not a contraindication

Disadvantages
● Long recovery time
● Donor-site morbidities:

○ Hernia
○ Weakness (sitting up)
○ Umbilical necrosis
○ Symptomatic bulges

Abbreviation: BMI, body mass index.
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Operative Details

The patient is marked in the standing position. A fusiform

ellipse is marked from the suprapubic crease to just above the

umbilicus, and laterally to the anterior superior iliac spine

(ASIS). Once under general anesthesia in supine position, the

markings are confirmed to allow primary closure. If there is any

doubt as to how much can be taken, elevate the central upper

abdominal flap from above the umbilicus to the xiphoid, break

the operating room table into a Fowler Position, and then pull

the i flap down to determine the lowest portion of the ellipse.

Make the lower abdominal incision. Examine the deep circum-

flex iliac artery and vein (DCIA/V) laterally and superficial infe-

rior epigastric artery and vein (SIEA/V) medially. If SIEV caliber

is more than 1.5mm, dissect it further until size of the SIEA can

be determined. If the size of the artery is adequate, SIEA flap

can be considered. In either case, it is safest to dissect both DCIV

and SIEV for some length to use them as a lifeboat for venous

outflow.

Mark the major perforators, as determined by preoperative

imaging and intraoperative Doppler. Elevate the right and left

abdominal flaps in the suprafascial plane from lateral to medial

direction. Once networks of perforators are identified, incise

the anterior rectus sheath surrounding the perforators and

extend it caudally. Elevate the fascia off the rectus abdominis

muscle and undermine the muscle to visualize the course of

deep inferior epigastric vessels. The rectus abdominis muscle is

then incised to incorporate all the perforators into the flap and

entry point of the pedicle. It is important to preserve the lateral

intercostal motor nerves during this dissection to maintain the

function of abdominal wall. Once transferred to the breast

pocket, the flap is oriented so that the best-perfused portion of

the flap (zones I and II) is positioned in the superomedial aspect

of the reconstructed breast; this is the least likely site to

develop fat necrosis.

Deep Inferior Epigastric Artery Perforator
Flap

DIEP flap is an adipocutaneous flap perfused on direct or indi-

rect muscle perforators. Its use is indicated in active patients or

women who plan to have a child and therefore require compe-

tent abdominal wall. Preoperative CTA or MRA in hand with in-

traoperative assessment of the perforators allow identification

of the eligible abdomen. In general, a single perforating artery

or vein of at least 1.5mm with a palpable pulse is required for a

successful perforator flap harvest. Such perforators are typically

located in the periumbilical area.

DIEP flap has been shown to offer advantages over the tradi-

tional TRAM flap by preserving the rectus muscle. This results

in lower donor-site morbidity, specifically risk of abdominal

hernia and bulge as well as decreasing postoperative pain

and improving recovery time. Perforator flap dissection also

Fig. 34.2 Major types of free flap breast

reconstruction. (a) MS-0, (b) MS-1, (c) MS-2, and

(d) MS-3.
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increases pedicle length (especially when isolated on a single

pedicle), allowing for improved flexibility of flap positioning.

On the other hand, due to the need for meticulous dissection,

these surgeries are often longer and although the literature

varies, older studies demonstrate a higher flap loss rate (5–10%

vs. 0.5–1% in free TRAMs). Furthermore, a perforator flap has

higher incidence of fat necrosis and venous congestion com-

pared with MS-TRAM as less perforators are included in the

flap. More recent studies do not support these findings and

show similar complication rates between types of abdominal

based free flap breast reconstruction techniques.14 The

improvements may be a result of ever increasing experience

among surgeons.

Operative Details

Preoperative markings and initial operative steps are similar to

MS-TRAM outlined previously. Once the appropriate perforator

(s) are identified, the fascia and muscle are incised as needed to

allow perforator dissection; however, no fascia or muscle is har-

vested. The perforators are dissected by splaying the muscle

fibres temporarily and following them down to their origin. The

pedicle is identified and elevated off the rectus muscle. In uni-

lateral cases, the contralateral hemi-abdomen is kept intact as a

lifeboat until the ipsilateral dissection has been safely com-

pleted. The number of perforators necessary to adequately per-

fuse the flap is largely determined by patient experience. In lieu

of this experience, all the perforators can be isolated and indi-

vidually clamped while assessing the flap for blood flow with

either tissue oximetry such as ViOptix or isocyanine green

infrared scan. Taking the fewest number of perforators possible

will minimize the morbidity of the rectus abdominis muscle.

Likewise, taking perforators all from a single row (medial versus

lateral) will decrease morbidity as well. Similarly, the SIEV and

DCIV are dissected and kept as backup in case they provide the

dominant venous outflow to the flap.

In unilateral cases where the entire abdomen needs to be

used to achieve the appropriate volume, a stacked, free TRAM,

double-pedicled or bipedicled DIEP/MS-TRAM flap can be har-

vested. In such cases, both hemi-abdomens are dissected as

DIEP or MS TRAM. The secondary pedicle is anastomosed either

to a side branch of the primary pedicle or to an independence

recipient vessel in the chest (retrograde to internal mammaries

or to thoracodorsal system). A classification system was

described in 2007 and further refined by Murray et al. based on

vessels that are used for crossover anastomosis (▶ Fig. 34.3).

Superficial Inferior Epigastric Artery Flap

Of all the abdominal flaps used, the SIEA flap causes the least

violation of the abdominal myofascial layer.15 It is based on

superficial inferior epigastric artery and vein, which arises from

femoral artery 1 to 3 cm below the inguinal ligament. Although

it causes the least trauma to abdominal wall, SIEA flap accounts

for well under 30% of all autologous breast reconstructions due

to its many limitations:
● A suitable SIEA is present in only 60% of people.
● SIEA caliber is small and adequate (> 1.5mm) only in 15% of

patients.
● Offers a short pedicle (mean of 6 cm).
● Has higher risk of partial or complete flap loss.
● The angiosome territory is restricted to zones Holm’s zones 1

and 2 (hemi-abdomen).

Operative Details

The initial operative sequence is as previously described for

MS-TRAM. The SIEA/V vessels are identified about one-third

the distance from the pubic bone to the ASIS where they cross

Fig. 34.3 Example of bilateral deep inferior

epigastric perforator breast reconstruction done

after nipple sparing mastectomies.
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the inguinal ligament. At this point, the vessels are dissected

down to their origin from femoral vessels and the SIEA feasibil-

ity is assessed:
● Vessel caliber greater or equal to 1 to 1.5mm at the level of

the lower abdominal incision with a palpable pulse.
● Pedicle length of at least 6 cm or twice the thickness of the

flap for inset purposes.

Special attention should be paid to insetting of the SIEA flap as

the pedicle enters the flap at its edge rather than it is under sur-

face as in DIEP or TRAM flaps. Therefore, normal insetting may

cause a kink in the pedicle compromising the flow. To prevent

this, the inferior 2 to 3 cm of the flap is de-epithelialized and

folded, orienting the pedicle in the inferomedial direction and

effectively rotating the pedicle superiorly without kinking.

Rubens Flap

Rarely used for breast reconstruction, Rubens flap is based on

the deep circumflex iliac artery (DCIA). It allows harvest of the

fat pad in the hip and waist region just above the iliac crest. Its

use is indicated in the patients who are not candidates for other

free flaps and refuse prosthetic reconstruction. It does provide

tissue of similar consistency to breast and has an inconspicuous

donor site. However, dissection of Rubens flap is quite tedious

with a less robust blood supply. Flap perfusion has been shown

to improve with harvesting the abdominal wall musculature

(external oblique, internal oblique, and transversalis muscle),

which on the other hand can cause abdominal wall morbidity

such as hernia or bulge. Furthermore, unilateral harvest causes

obvious asymmetry that may require contralateral balancing

procedures. For all these reasons, Rubens flap has become more

of a historic procedure.

Gluteal Based Flaps

Orticochea first performed breast reconstruction using a gluteal

flap in 1973.16 He transferred a musculocutaneous flap in a

five-stage procedure. Fujino et al later refined this into a one-

stage procedure as a free flap in 1975.17 The perforator version

of these flaps were developed later and first used for breast

reconstruction by Allen and Tucker in 1995 and Guerra et al in

2004.18,19 The perforator flaps include either SGAP flap or the

inferior gluteal artery perforator (IGAP).

The gluteal flaps are considered second line choice for autol-

ogous breast reconstruction after abdominal based flaps. Their

use is indicated in patients with insufficient abdominal tissue

(low BMI or previous abdominal surgery such as abdomino-

plasty) or in those whom abdominal based flaps is contraindi-

cated. Advantages of gluteal-based flaps include
● Concealed scar.
● Adequate volume for medium size breast.
● Concomitant buttock lift.

However, gluteal flaps have a number of shortcomings, render-

ing their use as first-line reconstructive option:
● Firmer, less pliable, and stiff breast mound.
● Have high donor site morbidity, including contour deformity,

buttock asymmetry, sciatic nerve injury, and posterior thigh

numbness or paresthesia.

● Have smaller and shorter pedicle compared with DIEP or

MS-TRAM.
● Technically among the most difficult flaps to dissect.
● Require intraoperative position changes.
● Have higher rate of flap loss compared with MS-TRAM

(5–10%).

Superior Gluteal Artery Perforator

The pedicle for SGAP exits the greater sciatic foramen between

the piriformis and gluteus medius muscles, approximately 6 cm

below the posterior superior iliac spine (PSIS) and 5 cm lateral

to midline. The vessel then perforates the gluteus maximus

muscle as it travels to the surface. Pedicle is short with thin

walled vein and multiple branches. Pedicle length is approxi-

mately 5 to 8 cm, depending on the medial or lateral location of

the perforator respectively.

Operative Details

Preoperative markings include PSIS, greater trochanter, and

sacrum. The perforators are localized with preoperative imag-

ing and intraoperative handheld Doppler with patient in prone

position. Elliptical skin island is then designed with a 30 to 45

degrees slant centered on the suitable perforators. To increase

the usable length of the pedicle as well as facilitate the flap

inset, peripheral perforators are preferred over central ones.

The flap is incised laterally and elevated in the subfascial plane

toward midline. The perforator is identified and isolated. It is

traced proximally by splitting the gluteus maximus muscle

fibres until the main stem is reached as it exists above the piri-

formis. At this point multiple small venous branches emanating

in all directions are encountered and the caliper of the vein can

be large (5mm+). These veins often require tedious dissection

and vascular control as significant bleeding can be encountered

with loss of proximal control (▶ Fig. 34.4).

Fig. 34.4 Postoperative example of the superior gluteal artery

perforator donor on the right.
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Inferior Gluteal Artery Perforator

IGAP provides better donor site contour, scar, and pedicle size

compared with the SGAP. It is technically easier than the SGAP

due to longer pedicle length. The skin paddle can be designed

in the gluteal crease as described by Allen et al to camouflage

the scar. However, it has higher risk of sciatic nerve irritation as

it is often exposed during dissection. Furthermore, due to loca-

tion of the scar, sitting can be restricted following the surgery.

For these reasons, most microsurgeons prefer the SGAP.

34.3.6 Thigh Based Flaps

Transverse Upper Gracilis Myocutaneous Flap

The perforator anatomy of transverse upper gracilis (TUG) flap

was first described by Yousif et al in a cadaveric study which

demonstrated the transversely running perforators of gracilis

muscle.20 This lead to first use of TUG flaps in breast recon-

struction, which is now considered as an alternative to abdomi-

nal free flaps in patients with inadequate abdominal tissue.

TUG flap offers pliable adipose tissue for moderate size breast

reconstruction, mean volume of 330mL. It also has minimum

donor site morbidity, a well-hidden scar, and allows for con-

comitant inner thigh lift. However, harvesting large skin pad-

dles wider than 10 cm can lead to potential contour deformity,

wound dehiscence, and poor scarring. Lower extremity lym-

phedema, sensory disturbances at the donor site, and loss of

flap volume over time with muscle atrophy have also been

reported.

Operative Details

The gracilis branch of the medial femoral circumflex artery

(MFCA) supplies the TUG flap. It offers 6 to 8 cm pedicle length

with 1.5 to 2.5mm caliber.

The patient is assessed preoperatively in standing position.

The medial thigh is pinched to determine the available height of

the flap, which usually ranges 8 to 12 cm. Once in supine posi-

tion and with the thigh abducted, the flap axis is marked from

pubic symphysis to the medial femoral condyle, two finger-

breadths below the palpable edge of adductor longus (AL)

muscle. The skin paddle is marked transversely on the inner

upper thigh just below the inguinal ligament, 1 to 2 cm below

the crease, and extending posteriorly into the inferior gluteal

crease. This allows maximal use of the angiosome of the domi-

nant gracilis pedicle. The length of the flap in the anterior pos-

terior direction is based on mastectomy defect dimensions.

Starting anteriorly, the flap is elevated in the suprafascial

plane. The saphenous vein is identified and preserved if possi-

ble. When the septum between AL and gracilis is identified, the

fascia is incised; the pedicle to gracilis is identified and traced

back toward profunda femoris artery by exposing it in the plane

between adductor longus and magnus. The posterior wing of

the flap is then elevated toward the posterior gracilis edge and

the muscle is divided superiorly and inferiorly.

In order to decrease risk of postoperative limb lymphe-

dema in TUG flaps, several maneuvers are recommended:
● Performing suprafascial dissection anteriorly to preserve

deep lymphatic channels.
● Preserving the saphenous vein in the anterior dissection.
● Preserving the subcutaneous fat anterior to gracilis border in

the femoral triangle. This can be achieved by designing an S-

Shaped skin paddle to avoid the femoral triangle.

TUG flap allows for small to moderate size breast reconstruc-

tion (▶ Fig. 34.5). In order to increase the volume of the flap or

in cases of unilateral reconstruction, various techniques are

available:
● Extended TUG flap includes harvesting fat and subcutaneous

tissue beyond the borders of the skin paddle.
● A vertical extension can be added to the skin paddle overlying

the gracilis muscle to further increase flap bulk.
● Stacked flaps or double flaps have been described to be used

in unilateral cases: Harvest bilateral TUG flaps and perform

Fig. 34.5 Example of the transverse upper gracilis

flap in breast reconstruction.
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either flap-to-flap anastomoses and then transfer en bloc to

the chest to one recipient vessel or double anastomosis to

separate recipient vessels in the chest. Flap-to-flap

anastomoses can be done when a large branch from the main

pedicle going to one of the adductor muscles is present. This

branch can be used to anastomose the additional TUG flap too.

Profunda Artery Perforator Flap

The profunda artery perforator flap (PAP) flap is another alter-

native to abdominal based donor sites for autologous breast

reconstruction in patients where the abdominal tissue is insuf-

ficient or contraindicated. The PAP flap is a fasciocutaneous flap

from the posteromedial thigh, which is based on musculocuta-

neous perforators from profunda femoris artery. It can be a

source of autologous tissue for reconstruction of small to me-

dium-sized breasts. Shortcomings of this flap include its incon-

sistent perforator location, requiring the need for preoperative

imaging studies, and a narrow flap width limiting size of the

reconstructed breast.

As per cadaveric studies of Saad et al, the perforator for this

flap is found within 8cm caudal to gluteal crease and on average

6cm from midline (3–12cm range).21 It emerges between the

adductor magnus and semitendinosus muscles with a short intra-

muscular course through the adductor magnus muscle. The flap

is designed centered on an identified perforator (by preoperative

imaging and intraoperative Doppler assessment) as an ellipse

using the gluteal crease to conceal the final scar. Skin paddle can

be up to 28×8cm and the pedicle length can be up to 13cm.

Transverse Fascia Lata TFL Myocutaneous Flap

Based on lateral circumflex femoral artery blood supply to the ten-

sor fascia lata muscle and the overlying skin and fat of the lateral

thigh, the TFL myocutaneous flap is an option in those patients

where other options have been exhausted.22 It can be harvested in

either a transverse or vertical fashion and may be a consideration

for patients with a saddlebag deformity. It leaves a significant scar

and causes asymmetry between the upper lateral thighs.

34.3.7 Recipient Vessels

Selection of appropriate recipient vessels is as important as

donor flap dissection in microvascular breast reconstruction.

Internal mammary artery and vein and thoracodorsal vessels

are the most commonly used recipient vessels.

Internal Mammary Recipient

Internal mammary vessels offer a few advantages over the

thoracodorsal vessels, which has made them a more popular

choice among the breast microsurgeons:
● Easier exposure with no need of axillary dissection. This

reduces risk of lymphedema, shoulder stiffness, or brachial

plexus injury.
● Easier access for microsurgery, allowing better positioning for

the assistant.
● Compatible size matches with excellent flow characteristics.

The blood flow rate of the IMA ranges from 15 to 35mL/min

while the blood flow rate of the thoracodorsal artery ranges

from 2 to 8mL/min.

● Allows for more medial placement of the flap with reduced

lateral fullness compared with thoracodorsal vessels.

Despite its advantages, there are certain drawbacks associated

with use of IMA/IMV as recipient vessels:
● Internal mammary veins tend to be thin walled and fragile

especially in postradiated cases, on the left side (where the

vena comitans can often be quite small), and below the

fourth rib.
● Respiratory movements can make microsurgery difficult.
● Their harvest compromises future use of IMA for coronary

artery bypass grafting.
● Has the potential risk of pneumothorax.

Operative Details

The third costal cartilage is identified. Pectoralis major muscle

fibres are separated and the cartilage is removed by performing

a sub-perichondrial dissection. The deep perichondrium is

incised and reflected to expose the internal mammary vessels.

Perforating branches of IM are occasionally encountered and if

of sufficient size are preserved to be used as recipient vessel.

Thoracodorsal Recipient

Thoracodorsal vessels are occasionally used in cases of modified

radical mastectomy where they have been already exposed, or

in patients with history of cardiac disease in whom there is a

chance that internal mammary vessels will be required in the

future for coronary artery bypass graft. The main shortcoming

of their use is the need for axillary dissection, the lateral full-

ness of reconstructed breast, and the potential compromise of

future use of pedicled latissimus dorsi musculocutaneous flap

for salvage. To avoid the latter point, anastomosis to these ves-

sels should be done proximal to the serratus take off. This pre-

serves the latissimus dorsi flap as a lifeboat via retrograde flow

through the serratus branch.

Operative Details

In cases where no axillary dissection has been performed for

nodal assessment a separate transverse incision is made

between the anterior and posterior axillary folds below the

axillary hairline. The lateral border of pectoralis major muscle

is identified to enter the axillary fat. The lateral thoracic vein is

often first encountered within this fat pad. The vein is traced

superiorly to identify the axillary vein. The thoracodorsal ves-

sels are identified posterior to this origin within the fat pad. If

an axillary dissection has been done, find the lower portion of

the lateral latissimus dorsi muscle and trace it proximally to

find the TD vessels.

Other potential recipient vessels for microvascular breast

reconstruction include thoracoacromial artery and vein, cir-

cumflex scapular artery and vein, lateral thoracic artery and

vein, external jugular vein, external carotid artery branch, ceph-

alic vein, and axillary artery and vein. These vessels are only

used in cases where internal mammary or thoracodorsal vessels

are not available or already used in a failed flap.

The cephalic vein in particular is useful in those cases where

the left internal mammary veins are less than 1mm in size and

the thoracodorsal vessels are not available. The use of the
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cephalic mitigates the need for vein graft and is an excellent

match to the deep inferior epigastric vein at about 3mm in

diameter. If the harvest is taken down to the level of the antecu-

bital vein, its length can reach to the inframammary fold. The

vein can be found near the level of the anterior axillary fold

below Scarpa’s fascia and above the level of the muscular fascia.

Skip incisions can be made to minimize the scarring, although

the main drawback of this technique is a tendency toward

hypertrophic scars on the arm and shoulder.

34.4 Postoperative Care
Postoperative care for the free flap breast reconstruction pa-

tient is centered on blood flow in the flap including monitoring

and anticoagulation as well as pain control.

For pain control, our current protocol is to perform a trans-

versus abdominis plane (TAP) block. For this, we use a mixture

of liposomal bupivacaine (Exparel) and plain bupivacaine

injected under ultrasound guidance. At its best, it gives about 3

days of good relief of abdominal pain. A similarly effective relief

of pain is obtained with continuous bupivacaine infusion via

elastomeric pump (ON-Q).

Flap monitoring is largely based on the preference of the

operating surgeon. Techniques vary from exam only, hand-held

Doppler, implantable Doppler (Cook or Coupler based), to tissue

oximetry. Each method has advantages and disadvantages and

vigilance with a hand-held Doppler can be both equally effec-

tive and a cost-effective means of monitoring flaps. To be used

properly, the hand-held Doppler requires training of the nurses

in residents who will be using it.

Typically, free flap patients are in the hospital 3 to 5 days and

generally return to work in 2 to 4 weeks. For those with muscle

sparing abdominal based flaps, they can expect back to get

most of their abdominal strength back by about 3 months.

Follow-up procedures may include flap adjustment via resec-

tion, liposuction or lipofilling. Symmetry procedures on the

opposite breast are often necessary for maximum aesthetic out-

come and those patients without a nipple benefit from either

3D tattoo or nipple reconstruction.

34.5 Outcomes
The versatility and flexibility of free tissue transfer techniques

offer improved aesthetics in more difficult situations.23 Unilat-

eral autologous reconstructions can better match the ptosis of

the opposite breast. Autologous reconstruction is possible even

where there is inadequate tissue to cover an implant. Implants

alone are incapable of making an adequate breast in many

obese patients and limited in those patients with very large

breasts measured in kilos of removed tissue not grams. The

most recent comprehensive data reveal that nearly 64.6% of

American women are overweight (BMI > 25) and fully 35.9% are

obese (BMI > 30). Alloplastic techniques have the advantage of

technical ease and lack of donor morbidity. In those patients

who have undergone both procedures, the great majority

choose the autologous breast as preferable. The further one asks

this question from the original surgery, the greater the gap in

satisfaction.24

Microsurgery allows for even greater improvements over

standard autologous techniques of TRAM flap and latissimus

dorsi myocutaneous flap.19 Free flap inset is less limited by the

tether of the pedicle allowing for greater flexibility with inset.

It allows for the use of flaps outside of the region of the trunk,

offers more options to preserve donor muscle function and

offers options to those whose local tissues have been used or

compromised. Even with improvements in mastectomy tech-

nique, implants manufacturer in and the addition of fat graft-

ing, free flap breast reconstruction remains the standard

against which all other techniques are compared.

34.6 Review Questions

34.6.1 True or False

1. Due to its complexity, free flap based breast reconstruction

should be limited to only those patients where an implant is

not possible or has failed.

2. Pedicled TRAM breast reconstruction has a lower rate of fatty

necrosis than free flap based abdominal breast reconstruction.

3. Gluteal artery based breast reconstruction can offer greater

recipient breast projection than abdominally based flaps.

34.6.2 Choose the Best Answer

4. A 58-year-old woman with a BMI of 28 is BRCA1 positive

with a history of right breast cancer treated by mastectomy

and radiation therapy. She has now been found to have a

new left-sided breast cancer and her breast surgeons plan to

perform a mastectomy for treatment. The patient is

interested in reconstruction. Which of the following

represent the best treatment plan:

a) Right breast latissimus dorsi with implant and left breast

free TRAM.

b) Right breast DIEP flap and left breast tissue expander

followed by permanent implant.

c) Bilateral latissimus dorsi flaps with implants.

d) Bilateral DIEP flaps.

e) Bilateral TUG.

5. A 48-year-old female with a BMI of 26 is to undergo right-

sided mastectomy to treat invasive ductal breast carcinoma.

Her history includes a previous abdominoplasty. She is not

interested in implant reconstruction and has C-cup breasts.

Her best option for treatment is

a) To help her understand that implant reconstruction

remains her best option and other techniques will either

result in greater morbidity or poor aesthetics.

b) Free SGAP flap.

c) Free TUG flap.

d) Extended latissimus dorsi myocutaneous flap with no

implant.

34.6.3 Answers

1. False.

2. False.

3. True.

4. d. Bilateral DIEP flaps.

5. b. Free SGAP flap.
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35 Breast Reconstruction Using the Latissimus Dorsi
Myocutaneous Flap
Galen Perdikis and Stephanie L. Koonce

Abstract

This chapter discusses the use of the latissimus flap in breast

reconstruction. Pre- and postsurgical steps are outlined and

operative techniques detailed. Numerous images illustrate the

procedures described. Postoperative care guidelines are speci-

fied and potential outcomes and complications listed.

Keywords: latissimus, expander, seroma, capsular contracture

35.1 Goals and Objectives
● Understand the assessment of prospective breast

reconstruction patients.
● Recognize the indications and contraindications for breast

reconstruction with a latissimus dorsi myocutaneous flap.
● Describe the operative technique and postoperative care for a

latissimus dorsi myocutaneous flap.
● Review the outcomes and complications following breast

reconstruction with a latissimus dorsi myocutaneous flap.

35.2 Patient Presentation
The latissimus dorsi myocutaneous flap (LDMF) is based on the

flat triangular latissimus dorsi muscle originating from the iliac

crest, the lower third to fourth ribs laterally, the lower six

thoracic spines, and the posterior layer of the thoracolumbar

fascia with a tendinous insertion upon the intertubercular

groove of the humerus. This flap was first described by Tansini

in 1897 for coverage of chest wall defects from breast amputa-

tion.1 The dominant pedicle to the latissimus includes the thor-

acodorsal artery and associated veins and thoracodorsal nerve.

The consistency and relatively large diameter of this artery

make the latissimus dorsi flap a dependable donor site. In

patients with previous axillary surgery in which the thoraco-

dorsal pedicle may have been divided, retrograde flow through

the serratus branch of the thoracodorsal artery can maintain

adequate vascular supply to the flap.2 Patients who desire

breast reconstruction must be carefully assessed to determine

which reconstructive options are best suited to them. A history

should be obtained regarding previous surgery to the chest

wall, back, axilla, or abdomen, history of or plans for radiation

therapy to the breast or chest wall, and also the present condi-

tion of the breast. Physical examination should focus on the

location and size of the tumor, skin changes, the size of the

breast, the presence of ptosis and the amount of skin and sub-

cutaneous tissue available in the dorsal and abdominal regions.

Presence of abdominal wall hernias should be noted. A full dis-

cussion should be directed toward the patient’s willingness to

undergo major surgery and the advantages and disadvantages

of immediate and delayed reconstruction. Immediate recon-

struction avoids the need for a second general anesthesia and

may reduce issues related to self-esteem and quality of life.

Delayed reconstruction may be indicated in patients who will

require adjuvant radiation therapy, those requiring negative

margins after a partial mastectomy, or those who desire more

time between diagnosis, extirpative surgery, and reconstruc-

tion. Delayed reconstruction can be challenging secondary to

scar tissue, lack of mobile chest wall skin, or tissue changes

from radiation.

35.3 Preparation for Surgery
Preoperatively the patient should undergo an anesthesia clear-

ance evaluation, but otherwise no special testing is required.

The diagnostic data desired prior to surgery is dependent on

patient’s age, comorbidities, and is similar to that required for

any other major elective operation. Baseline hemoglobin, hem-

atocrit, and electrolytes are routinely obtained. An assessment

of the need for chemoprophylaxis for venous thromboembo-

lism should always be included. We advise all patients to cease

the use of tobacco products and maintain a healthy lifestyle.

For those patients who present as a delayed reconstruction,

sometimes years following their breast cancer treatment, it is nec-

essary to assure that proper oncologic screening has been main-

tained. Yearly mammographic screening of the intact breast

needs to be confirmed. This similarly applies to those who present

with lumpectomy defects, with applicability to both breasts.

35.4 Treatment

35.4.1 Indications, Contraindications,
and Alternatives

The LDMF is a good choice for both immediate and delayed

breast reconstruction.3 It is particularly useful in previously

irradiated patients as it brings in non-radiated skin and a

healthy muscular sling to provide coverage of the final implant.

In the majority of patients, the LDMF is used in conjunction

with a temporary tissue expander that is subsequently changed

to permanent implant; alternatively, it can be used as a one-

stage reconstruction by placing an implant at the outset. The

two-stage approach allows for flexibility in volume adjustment

and has been seen to have low capsular contracture rates com-

pared to one-stage operations.4,5 More recently, particularly

with the use of shaped textured implants, similar capsular con-

tracture rates have been seen in series using a one-stage

approach.6 If an expander is used, the patient should be pre-

pared for multiple office visits for expansion until the desired

size is achieved, as well as a second surgery for exchange to per-

manent implant. Patients may also present with partial mastec-

tomy defects. The latissimus flap alone can provide volume

replacement for the absent tissue without a breast device. Fur-

thermore, in selected patients with high body mass index, suffi-

cient tissue from latissimus transfer will be possible such that

an implant is not needed.
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An absolute contraindication for use of the latissimus dorsi

flap is a previous lateral thoracotomy in which the latissimus

muscle was divided. Previous surgery or injury to the thoraco-

dorsal nerve resulting in an atrophic muscle can be a relative

contraindication if the remaining volume of muscle is inad-

equate for coverage. In the setting of atrophic muscle after pre-

vious dissection, the surgeon must consider the thoracodorsal

vascular pedicle may have been damaged which necessitates an

intact serratus collateral vasculature for flap survival.

A discussion of all of the reconstructive options is beyond the

scope of this chapter but must be included in the discussion

with the patient.

35.4.2 Preoperative Evaluation and
Markings

With the patient awake and either sitting or standing, the ante-

rior border of the latissimus dorsi muscle is marked. The tip of

the scapula is also marked. The skin island may be oriented

transversely along the bra line, laterally, or obliquely. It is our

preference to orient the skin island transversely in the bra line

for improved aesthetics. The pattern is an ellipse that leaves a

linear scar at the donor site when closed. The mid sternal line,

inframammary folds of both breasts, and, in delayed recon-

structions, the mastectomy scars are marked anteriorly. In

delayed reconstruction patients with loss of breast landmarks,

the opposite breast is used as a template in marking the mas-

tectomy site.

35.4.3 Operative Technique

Patients having immediate breast reconstruction are usually in

a supine position during mastectomy allowing confirmation of

the integrity of the thoracodorsal vascular pedicle. The patient

is then positioned in the lateral decubitus position for a unilat-

eral breast reconstruction. Once the flap is elevated and trans-

ferred into the mastectomy defect and the back is closed, the

mastectomy defect is temporarily stapled closed, dressed with

an occlusive dressing and the patient is placed back into the

supine position. The temporary dressing is then removed and

the patient re-prepped and draped. On occasion, if the patient

is small, the patient can be placed in a “sloppy lateral” position

which allows for a surgical approach anteriorly and posteriorly.

This avoids re-prepping and draping. Harvesting of the flaps for

bilateral reconstruction can be done with the patient in prone

positioning as long as direct pressure on the mastectomy flaps

is avoided.

Patients undergoing immediate reconstruction have a skin

island fashioned to match the skin-sparing mastectomy defect.

For all immediate reconstructions, the skin ellipse on the back

should be carefully placed along the bra line. In delayed recon-

struction, a bigger skin island is needed and the markings can

be angled antero-inferiorly (▶ Fig. 35.1). We do not advocate an

ellipse that is parallel with the muscle fibers except in chest

(not breast) reconstructions that require very larger islands.

Although the flap skin inset into the breast is circular, the skin

excision on the back is elliptical to allow proper closure

(▶ Fig. 35.2). Patients undergoing delayed reconstruction have a

larger skin ellipse inset into either the old mastectomy defect or

the new inframammary fold to improve the inferior pole con-

tour (▶ Fig. 35.3). This decision depends on the needs of each

particular patient as predicated by tissue quality and breast

shaping. The skin island is incised beveling the scalpel away

from the incision line through the subcutaneous fat. This pre-

vents undermining of the skin island, and allows maximal cap-

turing of perforating vessels into the skin paddle. Dissection is

carried out just above the muscular fascia, raising inferiorly and

superiorly based skin flaps and exposing the latissimus muscle.

Dissection proceeds laterally to identify the edge of the

Fig. 35.1 (a,b) Preoperative markings. The back

ellipse is placed in the bra line but can be angled

anteroinferiorly for a larger skin island if needed

in delayed reconstruction. Reprinted with

permission of Mayo Foundation for Medical

Education and Research. All rights reserved.
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latissimus muscle. A thick aponeurotic attachment between the

serratus anterior muscle and the latissimus is noted at the level

of ribs 10 and 11. This must be divided during latissimus flap

elevation to prevent elevation of the serratus anterior muscle

along with the latissimus. The flap is then elevated along its lat-

eral edge. The latissimus is then separated from the paraspi-

nous muscle fascia at its origin, as well as inferiorly along its

costal attachments. Incision through the paraspinous fascia

makes identification of the proper dissection plane challenging

and should be avoided. Latissimus fibers originating on the

thoracic spines are now divided with meticulous attention paid

to hemostasis of the intercostal perforators. The superior border

of the latissimus is identified, separated from the overlying tra-

pezius muscle, and dissection proceeds toward the axilla. The

thoracodorsal pedicle is identified, and the vessels preserved.

Dividing the nerve can help with latissimus animation and

spasticity. However, we have not seen this as a problem possibly

because the flap if dissected as described, is very loose, and acts

as a loose hammock.7 Furthermore, the intact nerve will

minimize long-term latissimus atrophy which can result in

deficient soft-tissue coverage, contour irregularities, and

implant visibility. Ideally, the serratus branch is identified and

preserved when possible, particularly in patients who may have

compromised thoracodorsal vessels. Release of the latissimus

insertion near its attachment is often done at this point.

The flap is then transferred to the mastectomy defect via the

axilla through a subcutaneous tunnel. Caution is taken to avoid

torsion of or tension on the pedicle. The flap is inset. Bolster

sutures using dental rolls and nonabsorbable suture are placed

through the inframammary fold and inferior margin of the

latissimus muscle (▶ Fig. 35.4). These sutures help define the

inframammary fold. This can also be achieved with well-placed

absorbable sutures inferiorly without the use of bolsters partic-

ularly in patients with a well-defined fold. We find the bolsters

particularly helpful in delayed reconstruction patients to rede-

fine the fold. The inferomedial attachments of the pectoralis

muscle are divided and the muscle is elevated. The tissue

expander is placed submuscularly, covered by the latissimus and

pectoralis muscle, which are sutured together. The expander is

placed meticulously right at the inframammary fold.

In smaller immediate reconstructions placing a shaped sili-

cone implant rather than an expander is a reasonable option.

Using an expander though affords the surgeon flexibility. If a

shaped implant is chosen, the pocket needs to be sutured in

such a way that the implant fits snugly into the pocket so that

rotation of the implant does not occur.6

Some surgeons do not elevate the pectoralis muscle and use

only the latissimus muscle to cover the device. This prevents

pectoralis animation deformity and it is less painful. The poten-

tial disadvantage is that rippling may develop in the upper pole

because of less muscle coverage.7

Closure of the back is performed in layers and quilting

stitches are often placed to try decrease the risk of seroma.

Drainage tubes are placed in the donor site and in the recon-

structed breasts. The axillary tunnel is judiciously closed with a

few absorbable sutures internally.

Fig. 35.2 Latissimus dorsi myocutaneous flap (LDMF) skin island used

to match the skin-sparing mastectomy defect in a patient who

declined any type of mastopexy procedure.

Fig. 35.3 Latissimus dorsi myocutaneous flap

(LDMF) skin island placed into the inframammary

fold. In this case, placing it into the old

mastectomy defect would have left the patient

with a very high scar.

Breast
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35.5 Postoperative Care
Sterile dressings are placed at the conclusion of the operation. A

loose circumferential dressing is used, avoiding pressure or

direct compression in the axilla to prevent vascular compro-

mise of the pedicled flap. The skin island is dressed in such a

manner as to be easily assessed for vascular integrity of the flap.

The patient will usually have two to three drains, one or two in

the donor site, and one or two in the breast. Pain control is with

oral opiates and anti-inflammatory medications. Minimal intra-

venous narcotics are used in our practice. Urinary catheters are

discontinued within 24 hours.

Dressings are removed in 24 to 48 hours. Venous throm-

boembolism prophylaxis utilizing both chemoprophylaxis and

sequential compression devices is continued, and early ambula-

tion is encouraged. Length of hospital stay is on average 1 day

with return to work in 3 to 4 weeks. Patients are allowed to use

their arm in the immediate postoperative period for very light

activity and encouraged to utilize range of motion exercises

starting at 2 weeks assuming an uncomplicated postoperative

course to prevent shoulder stiffness. The drains are removed

once output has decreased to less than 30mL in 24 hours for 2

consecutive days.

In a two-stage reconstruction, tissue expander expansion

begins once the incisions demonstrate adequate healing. This is

approximately 2 to 3 weeks postoperatively. Serial expansions

are done on average every 1 to 2 weeks in the office until the

desired volume is achieved. The volume of expansion per visit

is patient dependent but is typically 50 to 100mL. The tissue

expander is exchanged for a permanent prosthetic in the oper-

ating room 1 to 3 months after the last expansion. Exchange is

done through the previous mastectomy incision. Capsule

adjustment and pocket revision may be done during this proce-

dure if indicated.

The thoracodorsal nerve can be proactively divided at the

first operation or selectively at the second operation in those

patients who complain of post-operative animation. Care must

be taken not to injure the vascular pedicle during ligation of the

nerve.

35.5.1 Outcomes

Flap necrosis after latissimus dorsi reconstruction is rare owing

to the reliable and robust blood supply of the flap.8 Necrosis of

the mastectomy skin flaps is a more common complication,

which in most cases can be managed conservatively. Migration

of the prosthesis, prosthetic rupture, capsular contracture, or

periprosthetic infection are recognized complications requiring

operative intervention when a prosthetic device is used.

The most common complication after LDMF is donor-site

seroma. The incidence of postoperative seroma is between 12

and 25%.3,9,10 Most seromas may be managed by serial aspira-

tion. On occasion, the use of a sclerosing agent such as tetracy-

cline can help. Quilting sutures have been shown to help reduce

the incidence of this complication.11 If the seroma is large, pain-

ful, or inconvenient to the patient, it may be drained in the

office setting. Rarely surgical intervention is required.

Reported patient satisfaction with breast reconstruction

using latissimus dorsi flap is high.3,8,12 Donor-site morbidity

may include shoulder weakness, winging of the scapula, and

impairment of shoulder mobility. However, most patients note

that functionality is minimally impaired with a prospective

study demonstrating no limitation of shoulder range of motion

at 1 year in LDMF breast reconstruction patients.9

Fig. 35.4 The use of bolsters to inset the

latissimus muscle into the inframammary fold is

illustrated in this image. The skin will be de-

epithelialized to match the skin-sparing

mastectomy defect.

Postoperative Care

363



Long-term capsular contracture rates were historically as

high as 30%; however, we have seen rates as low as 6% with the

use of expanders (two-stage) and as low as 8% in irradiated

patients.4,5,6,7,13 More recently, lower rates have also been

published using a textured shaped implant.6 The LDMF is a rela-

tively straightforward reliable technique for breast reconstruc-

tion. The use of a latissimus flap with or without tissue

expander and permanent implant is an attractive option in

patients with or without radiation changes to the breast. The

complication rates following its use are low and patient satisfac-

tion is high.

35.6 Review Questions

35.6.1 Fill in the Correct Answer

1. An absolute contraindication to latissimus dorsi

myocutaneous flap breast reconstruction is

a) Ipsilateral axillary irradiation.

b) Ipsilateral breast irradiation.

c) Previous rotator cuff surgery.

d) Previous lateral thoracotomy.

2. What vessels make up the major vascular supply to a

latissimus dorsi myocutaneous flap?

a) Thoracoacromial.

b) Internal mammary.

c) Thoracodorsal.

d) Superficial superior epigastric.

e) Lateral thoracic.

3. What are the most common causes for latissimus dorsi

myocutaneous flap necrosis?

a) Previous pedicle transection in radiated field.

b) Absence of secondary blood supply.

c) Twisted pedicled.

d) a and c.

e) b and c.

4. What is the most common complication after latissimus

dorsi myocutaneous flap breast reconstruction?

a) Hematoma.

b) Seroma.

c) Partial skin necrosis.

d) Fat necrosis.

35.6.2 Answers

1. Previous lateral thoracotomy (d).

2. Thoracodorsal (c).

3. a and c (d).

4. Seroma (b).
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36 Oncoplastic Breast Surgery
Albert Losken and Alexandra M. Hart

Abstract

This chapter discusses the elements pertinent to successful

oncoplastic surgery. The challenge facing surgeons in breast

reconstruction is to avoid common deformities (contour

deformities, asymmetry, poor aesthetic outcomes) that stem

from breast conservation therapy. The relation of various breast

tumors to cosmetic outcome is thoroughly covered, and guid-

ance is offered on oncoplastic resection and subsequent recon-

struction employing volume displacement or replacement.

Techniques examined include breast flap advancement, masto-

pexy, and the anterior intercostal artery perforator flap, along

with others. Postoperative care guidelines and a review of out-

comes and secondary procedures conclude the chapter.

Keywords: oncoplastic resection, oncoplastic reduction, breast

conservation therapy (BCT), lumpectomy

36.1 Goals and Objectives
● Recognize the goals, benefits, patient selection process, and

indications for performing oncoplastic surgery.
● Understand techniques for breast reshaping, preservation of

nipple viability, and filling the tumor resection defect.
● Understand surgical options for treatment of positive

margins, postoperative surveillance, and surgical outcomes

following oncoplastic surgery.

36.2 Introduction
With the increasing popularity of breast conservation therapy

(BCT), we have subsequently become increasingly aware of poor

cosmetic results.1,2,3 The wider the margin of resection, the

lower the risk of local recurrence4,5 and it often becomes a

dilemma for the surgeon to meet both these end points. Breast

shape becomes compromised and significant contour deform-

ities, breast asymmetry, and poor aesthetic outcomes are not

uncommon. Up to 30% of women will have a residual deformity

that may require surgical correction,6 the correction of which is

often difficult.7 This has resulted in attention to the oncoplastic

approach whereby partial breast reconstruction is performed

along with tumor resection in an attempt to prevent these

deformities. The importance of teamwork and communication

between the various services is critical for the successful incor-

poration of the oncoplastic approach. Its popularity will likely

continue as long as we continue to demonstrate oncological

safety and improved outcomes.8,9,10,11,12

36.2.1 Indications

Poor cosmetic results following BCT are not uncommon and usu-

ally due to breast shape, tumor size, tumor location, and post-

operative radiation.13 Traditionally, women with large breasts

have been deemed poor candidates for breast conservation

surgery, because of reduced effectiveness, increased complica-

tions, and worse cosmetic outcome. The postradiation sequela in

women with macromastia is significantly worse. Radiation-

induced fibrosis is thought to be greater in women with larger

breasts, late radiation fibrosis is higher, and cosmetic results are

also reduced.14,15,16 Tumor location also plays a role with central

or lower quadrant tumors having a worse cosmetic outcome.

Lower quadrant tumors give twice as poor cosmetic results as

lumpectomies in other quadrants. Central breast tumors close to

the areolar have, in the past, been a contraindication to BCT. The

tumor-to-breast ratio is one of the most important factors when

predicting the potential for a poor outcome. Studies have shown

a decline in cosmetic scores for patients with parenchymal resec-

tion greater than 70 to 100cm3, or when the specimen weight to

breast volume ratio exceeds 10:1.17,18,19 It is important that the

reconstructive surgeons have an idea on the extent of the resec-

tion, whether lumpectomy or quadrantectomy. In general, when

more than 20% of the breast is excised with partial mastectomy,

the cosmetic result is likely to be unfavorable.

These are situations where partial breast reconstruction has

significantly improved results and broadens the indications for

BCT (▶ Table 36.1).

36.2.2 Patient Presentation and
Selection

Partial breast reconstruction is indicated whenever the poten-

tial for a poor cosmetic result exists, or patients with tumors in

whom a standard lumpectomy would lead to breast deformity

or gross asymmetry. Factors in addition to cosmetic reasons as

an indication for this approach include oncologic issues. Impor-

tant indications include situations where the surgeon is con-

cerned about the potential for negative margins with standard

resection, and based on initial pathology or breast imaging

studies, the surgeon needs to perform a wider excision in order

for the patient to be a candidate for breast conserving surgery.

Additional indications include women who desire breast con-

servation despite potential adverse conditions, as well as older

women with large ptotic breasts in whom mastectomy and

reconstruction would be difficult.

Table 36.1 Indications and goals of oncoplastic surgery

Cosmetic reasons Oncological reasons

High tumor to breast ratio (> 20%) Concern about clear margins

Tumor location—central, inferior,

medial

Wide excision required

Macromastia Poor candidate for mastectomy

and reconstruction (i.e., age,

breast size)

Large tumor Patient desires BCT

Patient desires smaller breasts

Significant ptosis, or breast

asymmetry

Abbreviation: BCT, breast conservation therapy.
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36.3 Timing of Partial Breast
Reconstruction
In general, partial breast reconstruction, when indicated, is best

performed at the time of resection (immediate reconstruction).

This has the benefits operating on a non-irradiated or surgically

scarred defect, resulting in lower complication rates and

improved aesthetic results.7 The main concern with immediate

reconstruction is the potential for positive margins. When this

concern does exist, the reconstruction can be delayed until final

confirmation of negative margins (delayed-immediate recon-

struction). This then allows the benefits of reconstruction prior

to radiation therapy with the luxury of clear margins, although

at the expense of a second procedure. Such women at increased

risk of positive margins included younger age (< 40 years old),

extensive ductal carcinoa insitu (DCIS), high grade cancer, his-

tory of neoadjuvant chemotherapy, infiltrating lobular carci-

noma, and Her2/neu positivity.20,21,22 The main disadvantage is

the need for a secondary procedure which might be unneces-

sary in the majority of cases. When a flap reconstruction is

required, we prefer to confirm final margin status prior to

partial breast reconstruction (▶Table 36.2).

There are situations where poor results are encountered

years following radiation therapy, which then require correc-

tion (delayed reconstruction). Similar techniques are employed

in delayed reconstruction, more often requiring flaps such as

the latissimus dorsi myocutaneous flap and associated with

higher complication rates (42 vs. 26%) and worse cosmetic

outcome.7

36.4 Margins
Oncoplastic resections tend to be more generous and have been

shown to offer a margin advantage compared to lumpectomy

alone.14 Oncoplastic resections in some series have been over

200 g compared to institutional norms of about 40 to 50 g using

lumpectomy alone.23,24 This does not include the additional

glandular excisions necessary to achieve symmetry with the

reduced contralateral breast in patients with macromastia.

Although there is a lack of randomized control data comparing

the two groups, the incidence of positive margins in retrospec-

tive comparisons is significantly less in the oncoplastic reduc-

tion group compared to BCT alone. Kaur et al performed a

prospective trial comparing quadrantectomy alone (n=30) and

resection with oncoplastic reconstruction (n=30).25 They demon-

strated larger resection weights (200 vs. 118g, p=0.16) resulted

in fewer close or positive margins (16.7 vs. 43.3%; p=0.5) in the

oncoplastic group.15 Furthermore, DCIS histology was more prev-

alent in quadrantectomy-alone group and accounted for some of

the differences. Giacolone et al performed a similar prospective

comparative study comparing quadrantectomy alone (n=43) and

resection with oncoplastic reconstruction (n=31).26 The authors

found margins greater than or equal to 5mm in 67% of oncoplas-

tic group versus 42% in the quadrantectomy-alone group

(p=0.3).4 Losken et al demonstrated a lower positive margin rate

(24.1 vs. 41.0%, p=0.01), fewer surgical re-excisions (12.0 vs.

25.9%, p=0.01), and wider margins from the tumor edge when

oncoplastic surgery was performed (4.3 vs. 2.8mm, p=0.01).14,27

A recent meta-analysis also found a reduction in the positive

margin rate for both invasive and in situ disease from 21% with

BCT alone to 12% in oncoplastic excisions.9 The long-term influ-

ence of this on cancer recurrence remains to be seen. The use of

this approach also allows additional sampling of ipsilateral and

contralateral breast tissue with the ability to occasionally diagno-

se other breast pathology and potentially reduce cancer risk by

removing additional breast tissue.20

It is important to minimize positive margins as much as pos-

sible. Preoperative breast imaging (i.e., MRI, ultrasound, or

mammography) is helpful in determining the extent of the dis-

ease guiding the necessary resection and should be employed

judiciously when indicated. An imaging study showed that

tumor size was underestimated 14% by mammography, 18% by

ultrasound, whereas MRI showed no difference when com-

pared to the pathological specimen.26 Wire identification and

bracketing wires placed preoperatively will localize the extent

of resection.27 Intraoperative margin assessment requires mul-

tidisciplinary coordination between the surgeons, the patholo-

gist, and the radiologist. Multicolored inking kits have proven

to be more accurate than traditional stitch markings, especially

for the more complex designed oncoplastic specimens.28 Addi-

tional intraoperative confirmatory procedures include gross

examination, radiography of the specimen, intraoperative fro-

zen sections for invasive cancer, and touch cytology. Separate

cavity margins sent at the time of lumpectomy significantly

reduces the need for re-excision. Cao demonstrated that final

margin status was negative in 60% of patients with positive

margins on initial resection.29 Rainsbury has established a one-

stage approach where bed biopsies are taken from the cavity

and subareolar region and sent for frozen section. The entire

cavity is then inked and sent as a shave specimen for formal

histology.30 If tumor is still present in the second set of biopsies,

then a mastectomy is indicated.

36.4.1 Surgical Planning

Oncoplastic Resection

Although the adverse effects of radiation therapy are often

unavoidable, there are principles that can be applied to the

resection with or without reconstructive techniques that can

be used to minimize the incidence of poor cosmetic results. The

Table 36.2 Terminology of partial breast reconstruction

Partial breast reconstruction

Timing Technique

Immediate At the time of resection Volume displacement Volume replacement

Delayed Immediate 1–2 wk following resection

(confirmation of margins status)

Delayed Following radiation therapy

Breast
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oncoplastic approach applies the principles of plastic surgery to

the resection as well. A deformity can often be avoided by cor-

rectly orienting the breast incisions and parenchymal resection.

Neoadjuvant chemotherapy will also downsize the tumor and

reduce the required amount of parenchyma resection. Limiting

the volume of resection will minimize the incidence of poor

cosmetic results. Attention to simple defect closure including

breast advancement flaps and full thickness closures are now

commonly performed by most breast surgeons and are ways to

improve results. The more complex defects with potential for

poor cosmesis will often benefit from partial breast reconstruc-

tion. Placement of titanium perimeter clips to outline the

lumpectomy cavity will guide the radiation therapy with post-

operative tumor boost volume during teletherapy (external

beam radiation). Communication is necessary between the

oncologist and the surgeons especially when glandular remod-

eling has been performed. These clips will also assist in post-

operative surveillance (▶ Fig. 36.1).25

36.5 Treatment Algorithm for
Partial Reconstruction
Different algorithms have been described in an attempt to sim-

plify the reconstructive process.31 The decision as to which pro-

cedure is more appropriate is multifactorial; however, it is

ultimately determined by breast size, tumor size, and tumor

location (▶Table 36.3). Other factors are also important includ-

ing patient risks and desires, tumor biology, and surgeon’s com-

fort level with the various techniques. Being familiar with the

various reconstructive tools will allow reconstruction of almost

any partial mastectomy defect. It is important to keep in mind

that when the defect is extensive with little remaining breast

tissue, then completion mastectomy and immediate reconstruc-

tion is often the most appropriate option.

Some simple rules of thumb exist for reconstructing partial

mastectomy defects. Large or moderate sized breasts or ptotic

breasts with sufficient parenchyma remaining following resec-

tion are amenable to volume displacement or reshaping proce-

dures. Quadrantectomy-type resections are possible when

within the standard Wise pattern markings. In smaller or non-

ptotic breasts when additional volume is required to match the

opposite breast or when skin is required to replace a resection

that included parenchyma and skin, volume replacement

procedures including volume and skin are required. Quadran-

tectomy-type resections in small breasts, and in the upper or

outer quadrant, will invariably require a flap reconstruction to

preserve shape.

36.5.1 Volume Displacement
Techniques

The breast reshaping procedures rely on advancement, rotation,

or transposition of a large area of breast to fill a small or mod-

erate sized defect. This absorbs the volume loss over a larger

area. In its simplest form, it entails mobilizing the breast plate

from the area immediately around the defect in a breast flap

advancement technique.32

Perhaps the most popular and versatile breast reshaping

options are the mastopexy or reduction techniques. The ideal pa-

tient is one where the tumor can be excised within the

expected breast reduction specimen, in medium to large or

ptotic breasts where sufficient breast parenchyma remains fol-

lowing resection to reshape the mound. Masetti et al described

a four-step design for oncoplastic operations: (1) planning skin

incisions and parenchymal excisions following reduction/mas-

topexy templates, (2) parenchymal reshaping following exci-

sion, (3) repositioning the nipple, and (4) correction of the

contralateral breast for symmetry.33 Any moderate to large

breast can be reconstructed using these techniques unless a

skin deformity exists beyond the standard Wise pattern.

Plastic surgeons are all familiar with these techniques, mak-

ing the incorporation of this approach into their reconstructive

practice an easy addition. In women with large or ptotic breasts,

the numerous reduction patterns or pedicle designs will invari-

ably allow remodeling of a defect in any location and any size,

as long as sufficient breast tissue and skin is available. Creative

mammaplasty designs can be made for complete removal of the

lesion and reshaping of the mound for both lumpectomy and

quadrantectomy-type defects. Preoperative markings are impor-

tant, and a decision is made on pedicle design depending on

tumor location. Typically if the pedicle points to or can be

rotated into the defect, it can be used. The Wise pattern mark-

ings are more versatile allowing tumor resection in any breast

quadrant. Once the resection is performed, the cavity is

inspected paying attention to the defect location in relation to

the nipple, as well as the remaining breast tissue. The recon-

structive goals include (1) preservation of nipple viability, (2)

reshaping of breast mound, and (3) closure of dead space. The

nipple and dermoglandular pedicle are dissected, and remain-

ing tissue is resected if necessary for completion of the reduc-

tion. Occasionally, additional dermoglandular or glandular

pedicles can be created from tissue that might otherwise have

been resected, and rotated to autoaugment the defect. The con-

tralateral procedure is performed using a similar technique. The

ipsilateral side is typically kept about 10% larger to allow for

radiation fibrosis. Additional tissue sampling from the ipsilateral

or contralateral breast is also possible using this technique.34,35,36

Lower quadrant tumors in women with larger breasts are

ideally suited for the oncoplastic approach.37 Quadrantectomy-

type resections are possible, removing skin and parenchyma

from this location, reshaping the breast using a superior or

superomedial pedicle. Lower pole tumors in moderate size

breasts can be excised along with skin as needed in the usual

Table 36.3 Partial mastectomy reconstruction techniques

Volume displacement techniques Volume replacement techniques

“Parenchymal remodeling, volume

shrinkage”

“Adjacent or distant tissue transfer,

volume preserving”

Primary closure Implant augmentation—rare

Mirror biopsy/excision

Batwing mastopexy

Local flaps:
● Fasciocutaneous
● Perforator flaps
● Latissimus dorsi myocutaneous

flap

Breast flap advancement

technique

Distant flaps

Nipple areolar centralization

Reduction mastopexy techniques

Treatment Algorithm for Partial Reconstruction
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vertical pattern utilizing a superior pedicle followed by plica-

tion of the vertical pillars, and vertical reduction on the con-

tralateral side (▶ Fig. 36.1). Upper quadrant tumors can be filled

as long as the defect is under the skin (lumpectomy type).

Autoaugmentation techniques have become popular to fill the

dead space and maintain shape. Inferior or medial pedicles

allow for safe excisions in the upper half of the breast without

impairing nipple viability and parenchyma is often rearranged

when insufficient tissue remains in the upper pole to maintain

the desired fullness. When skin is resected in the upper half of

the breast, such remodeling techniques are not possible. Lateral

or upper-outer quadrant defects allow parenchymal remodeling

using the superomedial pedicle. These types of reconstructions

become difficult when skin is resected with the specimen and

are better suited for the lumpectomy-type defects. In women

with medium size ptotic breasts, the superomedial pedicle can

Fig. 36.1 (a,b) This is a 50-year-old female with a left lower pole breast cancer. (c,d) She underwent a generous 120 gram tumor resection including

breast tissue and skin. (e,f) When the defect is below the Wise pattern markings and a reduction is planned, a generous resection is possible. If

additional resection is performed by the reconstructive surgeon during the reduction it is important to mark the specimen appropriately since this

would potentially be a new margin if the original margins are positive. A lower pole defect can be reconstructed using any oncoplastic reduction

technique except an inferior pedicle. (g,h) A superomedial pedicle was chosen because it is a relatively short pedicle and a total of 320 grams was

resected on the left including the lumpectomy specimen. The cavity was marked with clips prior to closure. A superomedial reduction was performed

on the contralateral side with 360 grams removed. It is common to over resect the contralateral side in anticipation of irradiation fibrosis with time. (i)

Her result is shown 5 months post operatively and prior to irradiation therapy.

Breast
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be extended down to the inframammary fold as an autoaug-

mented pedicle. This can then be rotated to fill a lateral volume

void. The vertical pillars are then plicated in the usual fashion

to maintain shape. If tissue is removed from above the Wise

pattern markings, and flap is often required. In women with

macromastia, a reduction can still be performed utilizing the

inferior pedicle skin to replace missing breast skin even when

above the Wise markings (▶ Fig. 36.2).

Central tumors can be challenging from a cosmetic perspec-

tive; however, partial reconstruction often makes these patients

a reasonable candidate for BCT.38 If the NAC is removed with

the resection, the mound can be remodeled in the inverted T-

closure pattern, and nipple reconstructed at a later stage.

Another option if the tumor is located more superiorly or lateral

is to perform a central elliptical excision of skin, nipple, and

parenchyma, and mirror image contralateral reduction for sym-

metry. A third option includes creation of a skin island on a der-

moglandular pedicle to rotate into the central defect to allow

for shape preservation and nipple reconstruction. The breast is

marked preoperatively for an inverted T or a vertical approach

depending on breast size, and the skin island is brought in from

inferior or medial.

Larger quadrantectomy defects, especially above the nipple,

can be incorporated into a batwing mastopexy or elliptical inci-

sion and provide preservation or improvement of shape and

elevation of the ptotic breast along with the tumor resection. A

similar mirror image resection is often performed on the oppo-

site side for symmetry. Additional mastopexy options exist for

oncoplastic breast conservation.32 The donut mastopexy allows

a breast segment to be removed through a periareolar incision,

and is useful for segmentally distributed cancers in the upper

or lateral portion of the breast. The batwing mastopexy involves

a full-thickness excision of lesions deep within the breast

centrally or adjacent to the nipple-areolar complex. The two

similar half-circle incisions with angled wings on either side of

the areolar allow advancement of the fibroglandular tissue to

close the defect. Since this removes sufficient breast tissue

and skin to alter the size of the breast and nipple position, a

similar contralateral lift is occasionally required to achieve sym-

metry. Additionally, if the patient is a candidate for BCT and has

Fig. 36.2 (a,b) This is a 51 year old female with a left lower lateral quadrant DCIS with a left lower lateral quadrant DCIS. (c,d) She had wire localization

and was marked with the Wise pattern. (e) After a 60 gram partial mastectomy she was left with a large lateral defect. It was felt that additional tissue

needed to be rotated to fill the defect, rather than just using the residual lateral tissue. (f,g) This was reconstructed with an extended superomedial

pedical and an additional 30 gram resection from the left side. (h,i) A contralateral reduction of 120 grams was performed. She is shown 1 year

following completion of left sided radiation therapy.

Treatment Algorithm for Partial Reconstruction
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multiple areas that need to be resected, as long as sufficient

tissue remains, remodeling techniques can be used in a similar

fashion.

36.5.2 Volume Replacement Techniques

Partial mastectomy defects in women with small to medium

breasts are often difficult to reconstruct.39 Women with large

tumor-to-breast ratios and women with small to moderate

breasts who have insufficient residual breast tissue for rear-

rangement require partial reconstruction using non-breast

local or distant flaps. This is now well accepted in the evolution

of breast cancer surgery and provides breast symmetry without

remodeling the contralateral breast.

Local flaps are often indicated in small or moderate volume

breasts with insufficient tissue remains following resection for

volume displacement techniques. The usual techniques include

(1) rhomboid flaps, (2) subaxillary flap, (3) superior-based lat-

eral thoracodorsal flap, (4) inferior-based lateral thoracodorsal

flap, and (5) the extended lateral thoracodorsal flap. Small lat-

eral defects (< 10% of breast size) can be closed with local flaps.

Clough et al described using the subaxillary area as a transposi-

tion flap, and Munhoz et al more recently demonstrated how

the lateral thoracodorsal flap (LTDF) is ideal for lateral defects,

especially in obese patients.40,41 These flaps essentially rotate or

transfer skin and subaxillary fat or skin and breast parenchyma

into the defect. The same principles can be applied to local flaps

taken from outside the breast as described earlier, or even from

within the breast (volume displacement techniques). Attention

to flap design is important to ensure flap survival, cosmesis,

and appropriate conversion to a completion mastectomy if nec-

essary. The latissimus dorsi musculocutaneous flap is a common

local option for lateral, central, inferior, and even medial

defects.30,42,43 It has excellent blood supply and provides both

muscle for filling of glandular defects and skin for cutaneous

deficiencies. Avoiding a scar on the back can be achieved by

harvesting the LD without skin through the lateral breast inci-

sion. The use of an endoscope can assist in raising the muscle.43

A deinnervated and radiated LD will undergo postoperative

atrophy. To compensate for the expected loss in muscle volume,

a flap much larger than the defect should be harvested, possibly

preserving subscarpal fat on the muscle. A similar skin island to

the classical LD musculocutaneous flap can be raised as a

pedicled perforator flap either from the thoracodorsal or inter-

costal vessels. Sparing the underlying muscles or using perfora-

tor flaps have reduced the donor-site morbidity to the

minimum, with no seroma formation at the donor site.44,45 The

thoracodorsal artery perforator (TDAP) flap can easily reach

defects in the lateral, superolateral, and central regions of the

breast. If no suitable perforators are found, the flap is easily

converted to a muscle sparing—TDAP or muscle sparing—LD

flap. The lateral intercostal artery perforator (LICAP) flap is

another alternative to the TDAP flap for lateral and inferior

breast defects. The lateral intercostal artery perforators are

found at 2.7 to 3.5 cm from the anterior border of the LD

muscle.46 The anterior intercostal artery perforator (AICAP) flap

is similar to the random-designed thoraco-epigastric skin flap,

the skin paddle can be harvested as an AICAP flap. The AICAP is

based on perforators originating from the intercostal vessels

through the rectus abdominis or the external oblique muscles.

Since it has a short pedicle, the AICAP flap is suitable to cover

close defects that extend over the inferior or medial quadrants

of the breast. The superior epigastric artery perforator (SEAP)

flap is based on perforators arising from the superior epigastric

artery or its superficial branch. It has the same indications as

the AICAP flap; however, the SEAP flap has longer pedicle and

therefore it can cover more remote defect in the breast.

Large medial defects are more difficult for reconstruction.

The superficial inferior epigastric artery free flap has been

described for this location.47,48 In situations such as this, or

when the partial mastectomy defect is significant with minimal

residual breast tissue, a decision needs to be made whether to

complete the mastectomy and perform total breast reconstruc-

tion for both cosmetic and oncological reasons.

Various other techniques have been described to fill partial

mastectomy defects; however, these are currently less common.

They include abdominal adipofascial flaps, omental flaps, and

autologous fat injections.49,50,51,52

Oncologic Safety
● Appropriate patient selection.
● Preoperative planning (imaging, wires) to assist with

resection.
● Confirm negative margins in high-risk patients (DCIS,

age < 40).
● Consider confirmation of negative margins when performing

flap reconstruction.
● Intraoperative margin assessment (multidisciplinary

approach).
● Separate cavity sampling.
● Clip cavity for radiation planning and surveillance.
● Appropriate postoperative surveillance protocols.

36.6 Postoperative Care
One main concern with partial breast reconstruction is that it

might impair the ability to screen and detect recurrent breast

cancer. Some fear that glandular rearrangement, additional

scarring, and the disruption of architecture might alter the

potential patterns of local recurrence of the ability to screen

and detect these lesions. Although this is a valid concern, adher-

ence to appropriate surveillance and cross-specialty communi-

cation will reduce this issue. The three main tools when it

comes to postoperative surveillance include the physical exami-

nation, radiologic imaging, and tissue sampling. It is important

that all members of the team are aware of the various surgical

components, as differences in presentation might exist depend-

ing on the type and technique of reconstruction. We recently

demonstrated that mammography following partial breast

reconstruction using reduction techniques was just as sensitive

as a screening tool when compared to patients with BCT

alone.53 Although the qualitative mammographic findings were

similar in the two groups over the average 6-year follow-up,

there was a slight trend toward longer times to mammographic

stability in the oncoplastic reduction group (25.6 vs. 21.2

months in the BCT-alone group). This means that it might take

the oncoplastic reduction patients slightly longer to reach the

point where any change in mammographic findings might be

suspicious for malignancy. An accurate interpretation requires

Breast
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familiarity with these temporal changes and mammograms

should be compared over time. These data need to be taken into

consideration when designing the most appropriate surveil-

lance programs for these patients. Mammographic findings fol-

lowing myocutaneous flap reconstructions typically show areas

of radiolucency consistent with a fibrofatty component in most

flaps. Microcalcifications and areas of fat necrosis are easily

identified, and no interference in postoperative surveillance has

been demonstrated. Other imaging techniques such as ultra-

sound and MRI will likely become more popular as technology

improves. Although routine tissue sampling is not recom-

mended for screening, any clinical concern necessitates fine

needle aspiration, core needle biopsy, or surgical biopsy to rule

out malignancy. Patients who undergo partial breast recon-

struction are expected to have an increase in the amount of tis-

sue sampling requirements, as demonstrated in our series (53%

in the oncoplastic group compared to 18% in the BCT-alone

group over an average of 7 years).53 Although these are typically

benign, additional scarring from the reconstruction might raise

clinical suspicion, which is why more biopsies are expected in

patients who undergo partial breast reconstruction.

36.7 Outcomes and Secondary
Procedures
It is important that complications resulting from oncoplastic

techniques do not interfere with the initiation of adjuvant ther-

apy. Careful selection of surgical technique, appropriate patient

selection, and meticulous execution will minimize the inci-

dence of postoperative complications. Additional procedures

will invariably increase complications; however, most of these

are minor. Some larger series with volume displacement techni-

ques report complications such as delayed wound healing (3–

15%), fat necrosis (3–10%), and infection (1–5%).7,20,34 Overall

complications following volume replacement techniques are

slightly higher (range: 2–77%) and this is likely due to the addi-

tion of donor-site complications and potential flap loss issues.30,

42,43 Delayed complications with the oncoplastic approach

include breast fibrosis and asymmetry. Although the goal of

partial breast reconstruction is to prevent the unfavorable cos-

metic result, this approach cannot prevent or reverse the effects

of radiation therapy. Since these effects will persist, the assess-

ment of shape and symmetry needs to be made in the long

term. However, with partial reconstruction, shape is typically

preserved and it is easier to adjust the contralateral side secon-

darily if necessary than reconstruct a radiated BCT deformity.

Asgeirsson et al reviewed numerous series with intermediate

follow-up and demonstrated cosmetic failure rates of 0 to

18%.54 BCT alone has a poor aesthetic result in 20 to 30 patients;

however, with the incorporation of oncoplastic breast surgery

techniques, this can be dropped to below 7% at 2 years.55,56

Local recurrence is another important outcome that needs to be

evaluated in the oncoplastic patient. Most reviews in the litera-

ture are of intermediate follow-up (up to 4.5 years), with local

recurrence rates varying from 0 to 1.8% per year.54 Actuarial 5-

year local recurrence rates range from 8.5 to 9.4%. Longer term

studies are required.

Secondary procedures are not common, and usually needed

for size and shape changes in the long term. Although this

approach minimizes the potential for poor aesthetic results, the

effects of radiation therapy persist and can contribute to

changes over time. It is better to wait at least a year following

completion of radiation therapy to discuss revisional proce-

dures. Even with resolution of acute radiation changes and tis-

sue edema, it is important to respect tissue planes and blood

supply and if possible keep any revisions to a minimum as it is

still an irradiated breast and carries the associated risks. Per-

haps the largest series of 540 consecutive cases from the Insti-

tut Curie demonstrated that in patients with high tumor-to-

breast volume ratios, use of the oncoplastic approach provides

good outcomes.53 The 5-year local recurrence (6.8%) and overall

survival rates (92.9%) were acceptable with low complication

rates (16%) and good aesthetic results at 1 year (97.7%) and at 5

years (90.3%).

When completion mastectomy and reconstruction are

required following oncoplastic reduction techniques, the disad-

vantages of this approach are minimal. All reconstructive

options are still available, the contralateral symmetry proce-

dure has already been performed, and it is easier to reconstruct

a smaller breast.

36.8 Conclusion
The benefits of using the oncoplastic approach with BCT have

been well demonstrated, and will continue to gain popularity

and acceptance in the future. The options for women with

breast cancer are numerous, and this provides an additional,

often favorable one. We need to critically evaluate results meas-

uring functional, oncological, and aesthetic outcomes in an

attempt to establish safe and effective practice guidelines to

maximize oncological safety.

36.9 Review Questions
1. Which of the following has not been demonstrated in

women with breast cancer who undergo reduction at the

time of lumpectomy?

a) Improve the patient’s quality of life compared to BCT

alone.

b) Reduce the incidence of positive margins.

c) Broaden the indications for BCT.

d) Improve radiation inhomogeneity.

e) Detection of a synchronous tumor on the opposite breast.

2. Poor cosmetic results following breast conservation therapy

is associated with

a) Women with large breasts.

b) Large tumor to breast ration (> 20%).

c) Central tumors.

d) Medial tumor location.

e) All of the above.

3. A major concern with doing a flap to reconstruct a partial

mastectomy defect at the time of lumpectomy is

a) Positioning of the patient.

b) Coordinating care between services.

c) Concerns about positive margins.

d) Making radiation therapy more difficult.

e) Poor surveillance for breast cancer.
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4. Regarding postoperative breast surveillance following

oncoplastic reduction surgery, which of the following is

correct:

a) There is a longer time to mammographic stabilization

compared to BCT alone.

b) Less need for postoperative tissue sampling.

c) Additional scarring reduces mammographic

sensitivity.

d) Always do an MRI.

5. An oncoplastic breast reduction at the time of lumpectomy

is preferred in

a) Anyone who undergoes BCT.

b) Women with smaller breasts and a large tumor.

c) Women with macromastia who are candidates for BCT.

d) Any tumor in the lower pole.

e) When there is a concern about achieving positive margins.

36.9.1 Answers

1. d. Improve radiation inhomogeneity.

2. e. All of the above.

3. c. Concerns about positive margins.

4. a. There is a longer time to mammographic stabilization

compared to BCT alone.

5. Women with macromastia who are candidates for BCT.
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37 Tuberous Deformity of the Breast (Breast Implantation
Base Constriction)
Manuel R. Vegas and José L. M. del Yerro

Abstract

This chapter examines tuberous breast deformities. Beginning

with etiopathology at patient presentation, the authors guide

the reader through each anatomic component and discuss how

to properly contour each anomaly and/or deformity encoun-

tered. Discussion of surgical treatment starts with the incision

and proceeds to the correction of anomalies/deformities. Reme-

dial techniques proposed include customized dermoglandular

flaps, glandular scoring incisions, and gland unfurling, which

the authors consider the best option and thus cover in detail.

Drawings and photographs greatly assist in illustrating the text.

The comprehensiveness of the chapter is seen in the space

devoted to other techniques, such as tissue expansion and fat

grafting. Paragraphs on postoperative care, outcomes, and

complications conclude the study.

Keywords: tuberous breast, breast constriction, gland scoring,

gland unfurling

37.1 Goals and Objectives
● Understand the basics of tuberous breast deformity.
● Define the key findings of the varying anomalies and

appreciate the benefits of addressing each anatomic

component for proper contouring.
● Know the evidence-based perioperative care to maximize

patient safety and quality outcomes.

37.2 Patient Presentation
The tuberous breast, which might be better termed “breast im-

plantation breast constriction (BIBC),” is a congenital anomaly

that only becomes apparent at the time of breast development.

Although rare, it may also occur in males as a form of gynaeco-

mastia.1 Several other terms to describe the anomaly have been

used in the English literature that should likewise be avoided,

including tubular breast, constricted breast, doughnut breast,

snoopy deformity, nipple breast, breast with narrow base and

dome nipple. In severe cases, patients can suffer from social

anxiety, depression, peer rejection, psychosexual dysfunction,

and low self-esteem.2 With no exact etiology yet clarified, it is

accepted that it has an embryological origin although no family

incidence or noxious fetal stimulus has been recognized. Its

true incidence is unknown because its clinical definition has

not yet been clearly stated.

37.2.1 Etiopathology

In order to understand the tuberous breast and appropriate

treatment, an appreciation of breast fascial development and

anatomy is mandatory. During gestation, the developing

ectodermal breast bud penetrates the underlying mesenchyme

and becomes enclosed within the superficial and the deep

layers of the fascia superficialis that is continuous with the

superficial abdominal fascia of Camper.3,4 The superficial layer

covers the breast parenchyma while the deep layer forms its

posterior boundary and is separated from the underlying

muscle fascia (pectoralis major and serratus anterior) by the

loose areolar space of Chassaignac.5 Vertical fibrous attach-

ments (suspensory ligaments of Cooper) extend from the deep

muscle fascia and the deep fascia of the fascia superficialis

through the breast parenchyma and join the superficial fascia

and the dermis. The superficial layer of the fascia superficialis,

however, is absent in the area underneath the nipple-areola

complex (NAC) (▶ Fig. 37.1).5,6,7 During puberty, ovarian hor-

monal secretions determine breast development. Breast glan-

dular structures (acini and galactophorous ducts) are under

extreme hormonal influences (estradiol and progesterone) and

it has been demonstrated that a harmonious growth and final

glandular volume and shape are greatly influenced by the deli-

cate balance of these two hormones.

Classically, a congenital fascial anomaly has been considered

the underlying cause and two different theories have been pro-

posed. First, the fibrous annular constriction band theory, pro-

posed by Mandrekas et al, suggests that abnormal development

of the fascia superficialis leads to restricted growth of the breast

in one or more directions at the time of puberty.6,7 The band is

composed of dense fibrous tissue made of large concentrations

of collagen and elastic fibers arranged longitudinally which do

not allow the developing parenchyma to expand during pub-

erty.8,9,10,11 The resultant narrow glandular base favors prefer-

ential vertical growth toward the areola anteriorly where the

fascial layer is naturally attenuated if not almost nonexistent,

hence causing it to become oversized and protuberant and cre-

ating the tuberous shape and areolar widening.12,13,14 Existence

of this periareolar constriction band has been demonstrated

histologically.6,7 A second theory, less popular and proposed by

Pacifico et al and Costagliola et al, suggests that the causative

aberrancy is a weakening within the NAC dermis and fascia,

and not a constriction band at the breast base, which leads to

herniation of tissue through the NAC as the breast develops.13,15

Despite the recurrent descriptions of a fascial origin, it has been

acknowledged that these fascial theories are pure speculations

and Klinger et al, in 2011, have demonstrated histological evi-

dence of a disorder in collagen deposition involving all of the

stromal components (derma, gland, adipose tissue, and fascia)

in patients with tuberous breasts versus normal breasts.16

For one reason or another, a glandular growth restriction

exists, mainly at the lower quadrants. As a consequence, the

inframammary fold (IMF) ascends and the gland herniates

through the areola, where the fascia superficialis is naturally

nearly absent. Depending on the amount of gland, the growth

restriction and the patient’s areolar characteristics, the areolar

size and protrusion will be more or less evident and a
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continuous spectrum of anomalies can be found, sharing all the

them, in varying degree, the following key features:

1. Breast gland constriction (more severe at the lower

quadrants).

2. Ascended inframammary fold (as a consequence of breast

growth restriction).

3. Areolar enlargement and protrusion.

37.3 Classification
Rees and Aston found two types of the deformity but it was not

until 1996 that Von Heimburg et al proposed the first formal

classification, later revised by the first author in 2000.8,17,18

Grolleau et al in 1999, Meara et al in 2000, Costagliola et al in

2013, and Kolker and Collins, in 2015, further refined Von

Heimburg’s work.12,13,19,20At present, the BIBC (tuberous breast)

might be classified in four types, shown in ▶ Fig. 37.2.
● Type 0: Isolated NAC herniationwithout further significant

anomaly of the breast shape.
● Type I: Deficient lower medial quadrant characteristically

shaped like an italic S. The lateral breast is oversized in

comparison. Overall, the breast is frequently ptotic with a

normal or enlarged size. The IMF is ascended medially.
● Type II: With normal or enlarged upper quadrants, lower

inferior quadrants are deficient horizontally and vertically.

As a result, the IMF is ascended and the areola points

downward. Overall, the breast size is usually small and ptotic.

● Type III: All four quadrants are deficient, resulting in a

greatly restricted breast footprint and a resulting small

breast. Constriction is both horizontal and vertical, giving the

breast the shape of a tubercle.

Patients with severe BIBC or asymmetries have a major aes-

thetic concern and a related psychological impact that can be

variable. On the other side, patients with minor degrees of the

deformity however might not even be aware of the anomaly.

Patients’ expectations are always key in postoperative satisfac-

tion and, consequently, the importance of preoperative coun-

seling cannot be overemphasized. Different classifications have

been proposed according to the severity of presentation but

clinical practice shows that many patients do not fit a particular

type of deformity. Because there is not one single clinical pre-

sentation, there is not one single surgical technique. In these

patients, standard mammoplasty techniques (reduction, lift,

augmentation) have proved to be ineffective. Rather they

should be modified according to the patients’ particular anat-

omy and added to the correction of the underlying tuberous

findings. More than any other aesthetic procedure of the breast,

breast asymmetries and tuberous deformities require a skillful

surgeon than can customize the operation to the individual

patient.

The usual case is a young woman with a breast asymmetry

that shows a more or less tuberous anomaly in one or both

breasts. Clinical examination should not focus on staging the

anomaly because it does not necessarily have a prognostic or

Fig. 37.1 Anatomy of the breast gland and its

investing fasciae.
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therapeutic implication. Rather, the following factors should be

individually evaluated:

1. Areola:
● Is the areola enlarged?
● Is the areola protruding?
● Should it be elevated?

2. Inframammary fold:
● Is the inframammary fold elevated?
● Howmuch should it be lowered?

3. Gland distribution:
● Which quadrants of the breast are constricted?
● To what extent?
● Does it need correction?

4. Breast volume:
● Should the breast be reduced or lifted?
● Does the subareolar breast require

augmentation?

Fig. 37.2 Classification of the breast implantation breast constrictions (tuberous breast).
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37.3.1 Preoperative Workup

Preoperative evaluation does not differ from other elective

breast procedures. Because this group of patients is generally

young and healthy (ASA I), preoperative and preanesthetic

workout is quite expeditious. Bleeding diathesis not previously

detected should always be ruled out in the medical record. In

most patients, only usual preoperative blood tests (including

coagulation) are all that is required. Six standard photographs

should be taken pre and postoperatively and attached to the

medical record (frontal with arms up and down, both oblique

and both lateral views). Written informed consent should be

taken before operation.

37.4 Treatment

37.4.1 Rationale a Surgical Strategy

Incision

Depending on the specific findings, the incisional approach can

be circumareolar, customized circumvertical/inverted T, or

inframammary at the new fold. Decision-making as regards to

incisions is shown in ▶ Fig. 37.3.

37.4.2 Correction of the Inframammary
Fold

Elevation of the inframammary fold (IMF) largely correlates

with the underdevelopment of the inferior breast quadrants.

Consequently, it will be more ascended in severe type IV cases

where the lower breast quadrants are more deficient. How

much should the fold be lowered is dependent on two factors,

that is, the aesthetic proportions of the breast and the position

of the contralateral fold. A balanced decision is thus required.

37.4.3 Correction of the Gland
Maldistribution

Gland redistribution is the single most important aspect of a

successful treatment in severe cases because it is the improve-

ment of the breast shape, and not size, that really defines a

good result. Surgical objectives are three: (1) release of the fas-

cial constriction band, (2) tissue redistribution from excessive

to deficient areas, and (3) attain a harmonious, aesthetically

pleasant relationship among the four breast quadrants. Differ-

ent options are available in ▶ Fig. 37.4:

Customized Dermoglandular Flap

Characteristically indicated in type I deformities, where breast

tissue is not usually deficient, the customization of the reduc-

tion/mastopexy pattern allows the creation of dermoglandular

flaps that can move tissue from excessive to deficient areas,

usually from inferior-lateral to inferior-medial (▶ Fig. 37.5).

Glandular Scoring Incisions

Single or multiple scoring incisions of the gland, through an

anterior or posterior approach, release the fascial thickening,

Fig. 37.3 Incisional approach based on the anatomy of the constriction.
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Fig. 37.4 Strategic options in the correction of the constricted tuberous breast.

Fig. 37.5 A customized dermoglandular flap can fill the deficient area in the large breast.
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expand the gland and increase the compliance of the lower

pole.6,10,11,17,19,21 Typically, the technique is indicated in mild to

moderate constriction of the inferior quadrants (mild to moder-

ate type III cases) with the addition of implant augmentation.

Expansion occurs depending on how the scoring is done

(▶ Fig. 37.6):
● Radial scoring allows a horizontal expansion of the

constricted tissue and, consequently, increases the width and

compliance of the inferior breast quadrants.
● Horizontal scoring produces a vertical expansion of the infra-

areolar breast and, consequently, increases the vertical height

and compliance of the lower breast quadrants.

Scoring releases lower pole constriction but has two major lim-

itations in severe cases: (1) it does not significantly improve the

areolar protrusion because no retroareolar tissue is (re)moved

and (2) it can leave irregularities of the lower pole. Going ante-

rior or posterior will largely depend on the incisional approach

(i.e., posterior scoring with the inframammary approach and

anterior incisions with the circumareolar approach). Aggressive

scoring might endanger vascular supply and end up with irreg-

ularities and patchy subcutaneous necrosis that can be palpated

under the skin.

Gland Unfurling

First proposed by Puckett and Concannon, gland unfurling is

the best technique, if not the only, to correct areolar herniation.

It is also very effective in gland redistribution because it moves

tissue from excessive to deficient areas.22,23,24 Consequently, it

is the procedure of choice whenever areolar herniation and

gland constriction/maldistribution are significant, that is, in

moderate to severe hypotrophic tuberous breasts (severe type

III and type IV cases). The procedure has distinct benefits: (1)

correction of the areolar herniation, (2) minimization of the risk

of postoperative double bubble deformity in the usual case of

implant augmentation, and (3) enhancement of the soft tissue

support of the lower breast.

The vascular supply of the unfurled flap comes from the nip-

ple-areola complex (NAC) vascular network (▶ Fig. 37.7). The

NAC has a rich superficial (subcutaneous) and deep vascular

supply (via transpectoral perforators) arising from the internal

mammary artery, the highest (superior) thoracic artery, the

anterior and posterior branches of the intercostal arteries,

Fig. 37.6 Glandular scoring can expand the breast gland to increase the width and/or height of the infra-areolar breast.

Fig. 37.7 Vascular supply of the unfurling flap.
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the thoracoacromial artery, the superficial thoracic artery, and

the lateral thoracic artery.25,26 Although no studies have been

done regarding the vascular supply of the unfurled flap, clinical

experience and basic knowledge on microvascular flap hemo-

dynamics indicate that the vascularity of the flap is safe if prop-

erly executed: (1) the thickness at the flap base should not be

less than 1 cm, (2) the retroglandular dissection should not go

beyond the upper areolar margin to preserve any perforating

vessels that might reach the NAC through the upper gland, and

(3) the width-to-length ratio should be maintained within rea-

sonable limits.

Areolar herniation is a major concern for many patients and

relying on the areolar suture technique or tissue removal is not

usually stable in the long term.27,28 The unfurling technique

offers long-lasting results because it moves tissue from where it

is excessive (retroareolar) to where it is deficient (inferior quad-

rants).

37.4.4 Gland Unfurling: Surgical
Technique

Preoperative Markings

The patient is marked preoperatively in the upright position. A

vertical line is first drawn at the body midline followed by a

midaxial line on both breasts. The existing fold is marked on

both breasts, with a special attention to the usual fold asymme-

tries (which should be corrected). The planned new fold is then

marked as previously published by the authors, albeit more

conservatively to minimize the risk of necrosis of the infra-are-

olar skin.29,30A doughnut-shaped circumareolar marking is

done for a final 4-cm areolar diameter. Supra-areolar skin can

be deepithelialized if an areolar lift is required. Skin de-epitheli-

alization should always be cautious when augmentation is

planned (▶ Fig. 37.8).

Technique

Circumareolar de-epithelialization is first performed followed

by an inferior hemiareolar incision. The dissection then pro-

ceeds inferiorly in the mastectomy plane (just above the super-

ficial layer of fascia superficialis) with sharp dissection or low

intensity electrocautery as far as the existing inframammary

fold. Keeping the right plane of dissection is essential because,

whereas going too superficial endangers the flap viability, going

too deep does not adequately release the constriction band.

Once the fold is reached, a fascial thickening can usually be

found in the shape of a constriction band that needs to be dis-

sected off the skin flap and left behind. Usually this band looks

like an apron that hangs caudally from the breast gland. Next,

the dissection continues further down, above the thickened

superficial fascia, to the level of the planned new inframam-

mary fold (▶ Fig. 37.9). The thickened fascia is then horizontally

incised 1–2 cm below the constriction band. Next, the dissec-

tion moves upward, behind the constriction band and the

breast gland, along the natural plane between the deep layer of

the fascia superficialis and the deep prepectoral fascia, as far as

the superior areolar margin. Going more cephalad does not

Fig. 37.8 Preoperative marking.

Fig. 37.9 (a,b) Lowering of inframammary fold. Surgical technique.
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facilitate unfurling. More on the contrary, it might endanger the

vascular supply of the unfurled tissue. This level of dissection is

extended laterally and medially for a complete release of the

thickened fascia (constriction band). The constriction band can

now be fully palpated at the breast base, much like a basket

handle, and transected laterally and medially, thus releasing the

constriction and leaving a central glandular flap that is exteri-

orized through the circumareolar opening. The exteriorized

glandular flap is cautiously incised in a posterior to anterior

direction at the mid-areolar level to allow unfurling. Leaving a

tissue thickness of at least 1 cm at the flap base is compulsory

to minimize devascularization of the unfurled tissue

(▶ Fig. 37.10). Once released, the unfurled flap is redistributed

along the inferior breast pole. If the flap does not reach the new

fold or shows a tendency toward upward retraction it can be

fixed with loose transcutaneous temporary stiches, although

this is rarely done in our current practice. If the flap is thick and

stiff or too short it should be cautiously beveled to minimize

the risk of postoperative double-bubble deformity. Eventually,

in thick flaps, a second unfurling incision might be done

although caution is advised to minimize the risk of vascular

compromise. Again, this is less and less frequent in our current

practice. Some glandular reduction of the distal flap tissue

might occasionally be advisable in large breasts with large

unfurled flaps. Any trimming of the unfurled flap should be

done at its posterior aspect, more glandular and prone to leave

irregularities postoperatively. As described, tissue unfurls in a

cephalad to caudad direction and this is how it should be done

when both the medial and the lateral inferior breast quadrants

are equally hypoplastic. However, flap design should be modi-

fied when the constriction is largely limited to the inferior-

medial aspect of the breast. In these cases, the unfurling flap

should be designed to move from a superior-lateral to an infe-

rior-medial direction (▶ Fig. 37.11). When an augmentation is

planned in moderate-to-severe cases, it should be done retro-

pectoral with high-cohesive anatomical implants. Retropectoral

implantation guarantees the preservation of all the perforators

coming through the pectoralis major muscle thus diminishing

Fig. 37.10 (a–c) Gland unfurling to fill inferior deficit.
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the risk of devascularization of the unfurled tissue. Anatomical

implants are also required to adequately fill the empty lower

breast pole, a landmark in severe hypoplastic tuberous breasts

(▶ Fig. 37.12).

Implant selection is done according to the authors’ previous

publications, although with some distinctive features.29,30 The

infra-areolar skin dissection, which must be superficial to the

fascia superficialis for an adequate release of the fascial restric-

tion, leaves an infra-areolar random skin flap whose vasculari-

zation should be preserved with extreme care. Lowering the

inframammary fold increases the flap’s length-to-width ratio

and jeopardizes viability. Consequently, the descent of the

inframammary fold should be conservative and, as compensa-

tion, shorter implants than expected in the vertical height

should frequently be used. High volume/projecting implants

should likewise be discouraged to minimize the pressure over

the temporarily devascularized inferior skin flap. Round-block

purse-string closure of the areola is finally done over vacuum

drains (in our hands, running purse-string closure with non-

absorbable TiCron 4–0 suture has given excellent, long-term

stable results).

37.4.5 Is There a Place for Tissue
Expansion in the Treatment of the
Tuberous Breast?

There is some debate in the literature about whether or not

there is a skin envelope deficiency at the lower pole in the

severe tuberous breasts.6,31 In the authors’ experience, it is the

underlying fascial constriction, and not the skin, which is

responsible for the tuberous anomaly. We have found that, even

in severe cases, the skin of the inferior pole is normal although

very tight and poorly compliant, similar to the extreme nulli-

parous young hypoplastic breast. Consequently, although sup-

ported by some publications, we have never needed tissue

Fig. 37.11 Gland unfurling to fill inferior-medial deficit.

Fig. 37.12 Retropectoral anatomical implants

minimize devascularization of the unfurling.

flap and maximize projection of the deficient

lower pole. Trimming of the flap.

minimize in the flap-implant transition.
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expansion in the correction of the tuberous breast.32,33,34,35

Moreover, breast expansion does not correct areolar herniation

(in fact it can be even worsened) or gland maldistribution and

can enlarge an already widened areola.

37.4.6 Fat Grafting of the Tuberous
Breast

Some recent publications have advocated the use of fat grafting

in the corrections of tuberous breasts.36 We think that presently

fat grafting cannot substitute other techniques in the correction

of tuberous deformities but, rather, provide the perfect tool to

further refine the results, especially in the correction of the

double-bubble deformity and surface irregularities of the

lower pole.37 However, more clinical experience is needed to

evaluate adequately the role of fat grafting in this group of

patients.

37.5 Postoperative Care
As a general rule, patients in our practice are booked for an

overnight hospital admission to allow optimized patient com-

fort and close medical observation. Alternatively, outpatient

surgery is often done and safe. Vacuum drains are usually left in

place one to several days until fluid collection is less than 25 to

40mL per 24 hours or largely serous (nonhematic). Contrary to

other authors, we think that postoperative suction drains

should be used regularly in breast surgery for different reasons:

(1) they collapse any dead space and avoid fluid collections,

thus minimizing the risk of early postoperative implant rotation

and (2) they help in the early detection of postoperative hema-

tomas (quality of drainage). We have not observed an increased

incidence of postoperative infection or contracture rate related

to the use of drains and favor keeping them as long as reason-

ably required, especially when implants are used. The use of an

appropriate supporting bra is begun the next morning and kept

for the next 6 weeks. In those cases when an augmentation is

associated with the unfurling technique, the use of bra or com-

pressive bandages is avoided in the first 3 to 4 weeks to mini-

mize the risk of jeopardizing the blood supply of the infra-

areolar skin flap. When compliance of the lower pole is low,

usually the case in severe tuberous breasts, a compression band

of the upper breast might be used two hours per day for 2 to 3

months starting at third to fourth postoperative weeks. The use

of prophylactic perioperative antibiotics is recommended until

drain removal. Although devoid of scientific evidence, we sup-

port the use of oral postoperative antibiotherapy (second-gene-

ration cephalosporin) for 1 week when implant augmentation

is done, with the rationale of minimizing the risk of capsular

contracture. After hospital release, the patient is instructed to

gradually reinitiate normal living with caution. Sport activities

are restricted until the sixth postoperative week.

37.6 Outcomes
Complications in the correction of the tuberous breast should

be rare and include those found in conventional augmentation

and mastopexy/reduction procedures. However, the unfurling

and scoring techniques have distinct possible complications

that merit further explanation. Wound dehiscence and skin

necrosis might occur at the lower pole in at-risk patients (heavy

smokers, small vessel disease) or when the dissection of the

skin flap is inadequate (too superficial). Treatment should gen-

erally be conservative until secondary healing, eventually

requiring skin grafting. Should it occur, the underlying unfurled

flap avoids implant exposure and makes implant extrusion

extremely infrequent. Subcutaneous irregularities can be due to

aggressive gland scoring or devascularization of the unfurled

flap. When clinically relevant, delayed fat grafting might be

advisable. Residual or recurrent areolar herniation/widening is

rare with the unfurling technique but very frequent when the

correction only relies on suture techniques or scoring maneu-

vers. The chance of a significant residual double bubble deform-

ity (residual tuberous sign) is significantly lowered with the

unfurling technique but minor degrees are not rare postopera-

tively. Again, delayed fat grafting can nicely improve the result

(▶ Fig. 37.13).

Long-term stability is a major issue in aesthetic surgery of

the breast and different factors will generally affect negatively

in the long run: (1) major weight changes, (2) pregnancies and

lactation, and (3) hormonal changes. Because breast asymme-

tries (including tuberous breasts) often require a different tech-

nique for each breast, long-term stability of the result might be

fragile, especially when implant augmentation is required in

one breast and a reduction or lift in the other.

Patient satisfaction outcome is important in the evaluation of

any aesthetic procedure. Patients with tuberous breasts (breast

implantation base constrictions) are usually satisfied with the

results because even less than optimal procedures improve the

baseline situation. However, only the selection of the appropri-

ate technique in the individual patient can offer the best possi-

ble result and a highly satisfied patient (▶ Fig. 37.14).

37.7 Review Questions

37.7.1 True or False

1. Gland scoring is the best technique in the correction of the

areolar herniation.

2. Elevation of the inframammary fold correlates with the

underdevelopment of the inferior breast quadrants.

3. The association of the gland unfurling and high projecting

implants is recommended in the severe hypoplastic tuberous

breast to maximize the aesthetic result.

37.7.2 Choose the Best Answer

4. A 32-year-old woman seeks advice about her breasts

(▶ Fig. 37.15). The best treatment option for her would be

a) Breast augmentation through the periareolar approach.

b) Circumareolar approach, gland unfurling and implant aug-

mentation.

c) Circumareolar approach, horizontal gland scoring and

augmentation with anatomical implant.

d) Two-stage expander-implant augmentation.

5. In the tuberous breast anomaly:

a) It has been demonstrated that the tuberous deformity of

the breast is due to an anomalous collagen deposition in

the investing fascia.

Review Questions
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Fig. 37.14 Tuberous breast. (a-c) Pre- and (d-f) postoperative views.

Fig. 37.13 Fat grafting are of great help in the correction of residual deficiencies and irregularities of the lower pole.

Breast

384



b) Horizontal scoring of the infra-areolar gland increases the

compliance and vertical dimension of the lower breast

quadrants.

c) Two-stage expansion/implant correction of the lower

breast quadrants is the best treatment in the severe hypo-

plastic tuberous breast.

37.7.3 Answers

1. False.

2. True.

3. False.

4. b. Circumareolar approach, gland unfurling and implant

augmentation.

5. b. Horizontal scoring of the infra-areolar gland increases the

compliance and vertical dimension of the lower breast

quadrants.
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38 Poland Syndrome
Patrick J. Buchanan and Bruce A. Mast

Abstract

Poland Syndrome is a developmental defect characterized by

varying degrees of unilateral pectoralis major aplasia, thoracic

skeletal defects, and ipsilateral syndactyly. The etiology of the

syndrome is unknown, and most surgical reconstruction is

aimed at correcting the aesthetic appearance of the chest. The

syndrome presents in two predominant variants: the simple or

mild form and the complex or severe form. The surgical treat-

ment for each of these manifestations is discussed by the

authors. Treatment options covered include breast implants,

latissimus dorsi muscle transfer, tissue expander placement,

and endoscopic approaches. The review concludes with seas-

oned counsel about postoperative care and outcomes and com-

plications.

Keywords: unilateral breast, latissimus dorsi muscle transfer,

tissue expander placement

38.1 Goals and Objectives
● Understand the typical patient presentation of Poland

syndrome.
● Recognize the different variants of Poland syndrome.
● Understand how to accurately diagnose Poland syndrome.
● Clearly define the indications for the various reconstructive

options of the breast/chest wall in Poland syndrome.
● Know the evidence-based perioperative care to maximize

patient safety and quality outcomes.

38.2 Patient Presentation
Poland syndrome is a developmental defect characterized by

varying degrees of unilateral pectoralis major aplasia, thoracic

skeletal defects, and ipsilateral syndactyly.1,2 It was first written

about in 1841, by Alfred Poland, who noted that one of his ana-

tomical cadavers had a deficient sternal- and costal-head of the

pectoralis major muscle, but a normal clavicular origin. He also

noted, at that time, that there was an ipsilateral hand anomaly.

Baudinne later coined this presentation of anatomical abnor-

malities as “Poland syndrome.”3

The true incidence and etiology of Poland syndrome still

remains unknown; however, it tends to occur more on the right

side, 2:1 to 3:1, and is more common in males, 2:1. This syn-

drome presents with a spectrum of chest wall anomalies rang-

ing from simple to complex. The vast majority of patients with

Poland syndrome presenting for treatment do so on a cosmetic

basis. The most common presentation is that of a patient with a

unilateral absence of the sterno-costal head of the pectoralis

major muscle (▶ Fig. 38.1). However, the deformity can be com-

plex and encompass ipsilateral absence of ribs, axillary web-

bing, and foreshortening of the hemithorax including a

derangement of the sternum with absence of the latissimus

dorsi, serratus anterior, and/or external oblique muscles.4

Conventionally, a congenital unilateral absence of the sterno-

costal head of the pectoralis major muscle is pathognomonic

for Poland syndrome. However, chest wall deformities, includ-

ing breast maldevelopment, are the leading reasons of why

patients seek medical treatment. The maldeveloped breast may

be small, or absent, with a small nipple-areola complex that is

displaced superiorly and laterally toward the axilla (▶ Fig. 38.1,

▶ Fig. 38.2).

The vast majority of surgical reconstructive cases are aimed

at the correction of the aesthetic appearance of the patient’s

chest. The reconstructive options for patients presenting with

chest wall deformities from Poland syndrome depend on sev-

eral key factors, including anatomical severity, gender, patient’s

preference, and associated anomalies. Since reconstruction is

rarely ever performed to restore a severe functional deficit, pro-

viding reassurance to the patient and their family is an impor-

tant aspect of care that should not be overlooked by the

surgeon. Nevertheless, functional reconstruction is possible to

regain pectoralis muscle deficiency, a request more like to come

from young males.1

Reconstructive options include the use of tissue expansion,

implants, latissimus dorsi myocutaneous transfers, customized

chest wall implants, and rarely, free tissue transfers.1,5,6,7,8

38.3 Poland Syndrome Variants
There are two predominant variations of Poland syndrome: (1)

simple, or the mild form, and (2) complex, or the severe form.

The simple, or mild, form is the most common and is character-

ized by the absence of the sternocostal head of the pectoralis

major muscle. With this absence, the patient will have an

effacement of the ipsilateral axillary fold; a cosmetic abnormal-

ity that is commonly mentioned by the patient (▶ Fig. 38.1,

Fig. 38.1 (a,b) Woman with left-side postpartum

mammary atrophy and right-side Poland

syndrome characterized by absence of the

sternocostal head of the pectoralis major and

absence of breast development. The clavicular

head of the pectoralis major is present as

visualized by the infraclavicular soft-tissue

fullness on the right. Note the stigmata of

lactation and peripartum changes of the left

breast whereas no such changes of the right

chest skin have occurred.
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▶ Fig. 38.2). The clavicular head of the pectoralis major muscle

remains as a thin triangular muscle bundle that attaches the

humerus to the inferomedial third of the clavicle (▶ Fig. 38.1).

The ipsilateral breast is hypoplastic and the smaller nipple-are-

ola complex is displaced laterally toward the axilla (▶ Fig. 38.2).

As the pectoralis minor muscle cannot be tested, its presence

cannot be confirmed by physical examination alone.

The complex, or severe, form of Poland syndrome is charac-

terized by the absence of the sternocostal head of the pectoralis

major muscle, ipsilateral rib and/or sternal hypoplasia or

absence, and other ipsilateral muscular abnormalities involving

the latissimus dorsi, serratus anterior, and/or external oblique

muscles. In addition, the clavicular head of the pectoralis major

muscle may be diminutive, the ipsilateral hemithorax may be

notably hypoplastic, and axillary webbing may be present. If

the serratus anterior muscle is absent, winged scapula is seen

on physical examination. The insertion of the ipsilateral rectus

abdominis muscle may be displaced cranially. This is caused by

a foreshortened and bifid sternum and xiphoid process. Like-

wise, the ipsilateral scapula is small, rotated, and is cranially

displaced when compared to the contralateral side. The anterior

second through fifth ribs are thin, short, and missing their

superolateral cartilage.

38.4 Diagnosis and Natural
History
The surgeon must be acutely aware of the social impact of

Poland syndrome on the patient and their parents. Those with

the simple form may know of their abnormality earlier than

their family, as it can remain unannounced until early adoles-

cence, as muscle and breast development occur. The severe

form, on the contrary, is readily known during infancy by the

parents, as the chest wall is grossly asymmetrical.

To appropriately evaluate a patient for Poland syndrome, the

surgeon must perform a full physical examination of the

undressed patient so that their entire torso and upper extrem-

ities can be examined. In all patients, there will be a noticeable

soft-tissue deficiency of the affected side of the chest due to

volume loss from the partial or complete absence of the pector-

alis. The full extent of the skeletal and muscular irregularities

must be ascertained. Documenting the presence or absence of

the serratus anterior and latissimus dorsi muscles is necessary,

since this may affect desired reconstruction. The ribs, upper

extremity, and torso are palpated and measured. Even in the

simple form of Poland syndrome, the affected side will be

notably smaller. The sternal notch-to-acromion, acromion-to-

olecranon, and olecranon-to-ulnar styloid distances are meas-

ured and compared to the contralateral side, in cases of notable

skeletal abnormality. In women, the status of the breast and

position or presence of the nipple complex is assessed, particu-

larly in regards to the contralateral, normal, side. In the occa-

sional male who seeks muscular strength improvement due to

absence of the pectoralis, objective testing of strength of the

upper extremity via comparison to the contralateral side is

needed.

38.5 Preparation for Surgery
In addition to the surgeon’s physical examination, imaging and

consultations may be beneficial and are performed selectively

based on the physical findings, patient age, and overall

condition.

Diagnostic imaging is available but usually not necessary in

cases other than the most severe variants. Ultrasonography will

show an absence of a portion of the pectoralis major muscle

and asymmetry of the rib cage. Mammography is typically not

used as an imaging modality for Poland syndrome; however,

absence of the pectoralis major muscle on the mediolateral

oblique view with a hypoplastic breast can be incidentally

found. A CT scan can be used for presurgical planning to con-

firm the presence of the latissimus dorsi muscle. Likewise, an

MRI may be useful to better define the patient’s anatomy as it

offers a multiplanar view without the ionizing radiation of a

computed tomography scan. Both color-coded duplex sonogra-

phy and contrast-enhanced magnetic resonance angiography

allow for the evaluation of selected arteries and vessels.9,10

38.6 Treatment

38.6.1 Simple Form

In mild cases of Poland syndrome, the objective is symmetric

cosmesis. In women, a breast implant can be used to satisfacto-

rily treat the cosmetic concerns. However, be aware that the

subclavicular hollowing can be accentuated with the insertion

of an implant due to the tightness of the parasternal tissues

causing the implant to be displaced into that hollowing. As

such, tissue expansion may be required as a staged procedure

and shaped gel implants may be visually superior to round

implants, particularly implants with greater height than width.

Ultimate results for device-based reconstruction are largely

Fig. 38.2 (a,b) Young prepartum woman with

right-side Poland syndrome. She has complete

absence of the pectoralis major muscle and lack

of breast development, as well as hypoplasia of

the right nipple complex. Note the much more

significant soft-tissue deficit of the chest wall,

compared to the patient in ▶ Fig. 38.1.
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dependent on the degree of breast development, and size of the

opposite breast. Symmetry without clothing may not be achiev-

able with device-only reconstruction, even with expansion

(▶ Fig. 38.3).

In cases of complete or near complete absence of breast

development, or in cases of an ipsilateral large-sized breast, flap

reconstruction may be necessary due to soft-tissue demands

for symmetry. Latissimus dorsi muscle transfer is the option of

choice in prepartum women (▶ Fig. 38.4), while abdominally

based, pedicled or free, flaps are generally reserved for women

following child bearing. Free tissue transfer using nonabdomi-

nal tissue, such as gluteal or transverse thigh flaps, would fully

avoid alterations in abdominal anatomy and could be safely

used in prepartumwomen.

Customized chest wall implants may be adjunctively needed

in women and are often the treatment of choice in men. The

advantages of the customized chest wall implant reside in its

ease of fabrication and insertion, and relatively low morbidity

compared to flap reconstruction. Fabrication is relatively

straightforward and usually done via plaster of Paris molding

done in the office. The mold is then sent to the implant manu-

facturer, from which the customized implant is created. Similar

to pectoral implants, the customized implants are created from

a soft, solid form of silicone. They provide firm and stable soft-

tissue augmentation in the desired shape and form; however,

disadvantages include migration that leads to contour irreg-

ularities, patient reported discomfort, and potentially palpa-

ble or visible edges. The latissimus dorsi muscle transfer, in

conjunction with a sub-latissimus breast implant, provides

adequate volume to obviate the subclavicular hollowing and

has a natural feel and appearance (▶ Fig. 38.4). Likewise,

abdominal and other free flaps benefit from their natural

appearance and feel, and their ability to obliterate the sub-

clavicular hollowing.3,6,7,11

In the male patient, both custom chest wall prostheses and

the latissimus dorsi muscle transfer are appropriate reconstruc-

tion options. As in the female counterpart, the custom chest

wall implant also has the disadvantage of migration and dis-

comfort. The latissimus dorsi muscle transfer allows for the

replacement of the missing pectoralis major muscle and has

been shown to restore a functional outcome.1 Minimal re-edu-

cation consistent of physical therapy is required of the patient

to obtain function, as both the latissimus dorsi and pectoralis

major muscles insert on the humerus causing adduction and

medial rotation.

38.6.2 Latissimus Dorsi Muscle Transfer

Most often, a skin paddle is not required and, as such, a single

incision can be used. Therefore, a dorsal incision above the lat-

eral border of the latissimus dorsi muscle, approximately 6 to

10 cm long, should be used to gain access to the muscle. This

straight-line incision should be placed within the brassiere line

for females. The skin/soft tissue is elevated off the fascia overly-

ing the latissimus muscle for exposure of all borders. The

muscle is divided distally and the fascial and muscular attach-

ments to the chest wall are divided, elevating the muscle

toward the axilla. In most cases, the tendon to the humerus can

remain intact. The thoracodorsal nerve should be transected for

breast reconstruction.

If functional transfer is being done in a male, the humeral

attachment needs to be relocated. A horizontal incision within

the axillary crease is used for access. The latissimus dorsi ten-

don is visible and transected at its insertion on the humerus.

Fig. 38.3 (a-c) Same patient in ▶ Fig. 38.1 with three preoperative views. She has undergone tissue expansion on right followed by round gel

implant placement and left augmentation for symmetry. (d-f) Although she achieved good shape and symmetry, while clothed, note the

persistence of superior and superomedial contour depression due to paucity of soft tissue, as well as continued nipple and inframammary fold

asymmetry.
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The latissimus dorsi tendon is then attached to the anterior

bicipital sulcus of the humerus, mimicking the normal position

of the pectoralis major muscle. Bone anchoring sutures are

most effective (▶ Fig. 38.5, ▶ Fig. 38.6, ▶ Fig. 38.7, ▶ Fig. 38.8,

▶ Fig. 38.9).

In nonfunctional reconstruction, the ipsilateral chest skin is

undermined using a periareolar approach. The mammary and

previous axillary dissection planes are then joined. The latissi-

mus dorsi muscle should then be transferred anteriorly and

sutured to the lateral border of the sternum, the fascia along

the inframammary fold, and the lower border of the remaining

clavicular pectoralis major muscle.12,13,14 In a functional trans-

fer, a sternal incision may be desired so that the muscle can be

firmly attached to the sternum, again using anchors, and bio-

logic pledgets (▶ Fig. 38.6).

38.6.3 Tissue Expander Placement

A tissue expander based reconstruction is ideal for the

female patient with a hypoplastic breast. Most of these

patients have fibrotic breast tissue and will require radial

scoring of the tissue prior to tissue expander placement to

allow for adequate expansion. The scoring should be under-

taken on the deep side of the glandular breast tissue per-

pendicular to the direction of desired expansion. The degree

of muscle coverage of the expander is dependent on the

extent of pectoralis absence. Partial superior coverage will

be achievable in most patients. Subglandular or subcutane-

ous placement is necessary when the pectoralis major is

notably hypoplastic or fully absent. If a latissimus dorsi

muscle transfer is being utilized, the expander should be

placed beneath the transferred muscle. Expansion is then

done as necessary, followed by permanent implant place-

ment, similar to breast reconstruction (see Chapter: 35)

Contralateral balancing procedures may be needed: masto-

pexy, reduction, or augmentation.

A second option is to perform a vascularized flap from the

abdomen, either as a free- or pedicled flap. The skin island of

the abdominal tissue should be completely deepithelialized and

sutured into proper position after removal of the expander. The

advantages of this type of reconstruction include a more per-

manent symmetry and the use of autogenous tissue. Disadvan-

tages include the morbidity incurred to the abdominal wall,

including a scar across the abdomen, and a more extensive sec-

ond surgery.

Another option for reconstruction after tissue expansion is to

perform serial fat grafting. The expander can be deflated by

one-third of its fully expanded volume and fat grafting can be

performed within the subcutaneous plane, superficial to the tis-

sue expander capsule. Fat grafting typically needs to be per-

formed three to five times before the entire volume of the

expander is replaced. The advantage of this form of reconstruc-

tion is its ability to be performed on an outpatient basis with

excellent patient compliance.12,13,14 Soft-tissue deficiencies can

be corrected that occur with device-based reconstruction, but

the morbidity of flap reconstruction is avoided.

Fig. 38.4 (a-c) Prepartum patient from ▶ Fig. 38.2 with three preoperative views. Reconstruction has been done with latissimus dorsi flap with

sublatissimus expansion, followed by bilateral implant placement. (d-f) Despite overall good symmetry, the profound preoperative upper lateral soft-

tissue depression persists.
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Fig. 38.5 A 16-year-old man with left-side Poland syndrome complaining of left upper extremity weakness related to sports.

Fig. 38.6 (a) Use of oblique flank incision for latissimus harvest and full exposure. (b) Identification of the tendinous insertion of the latissimus onto

the humerus as indicated by the end of the Kelly clamp.
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38.6.4 Endoscopic Approach

Both tissue expander placement and the latissimus dorsi

muscle harvest can be performed using an endoscopic

approach. Caution should be taken and only those with pre-

vious experience should use this approach. This technique uses

a single incision placed within the axilla, thereby negating the

scar on the back for the traditional latissimus dorsi muscle har-

vest. The patient is positioned supine, and a 6-cm incision is

placed within the axilla, along the midaxillary plane. The dis-

section is performed in the subcutaneous plane to expose the

lateral border of the clavicular head of the pectoralis major

muscle. Then, a 10-mL, 30-degree endoscope is attached to an

endoretractor and placed within the dissected pocket to extend

it medially to the sternum and inferiorly to the proposed infra-

mammary fold. Once this pocket is developed, a tissue

expander is then placed.8,15

Once the tissue expander is expanded to its desired volume,

the second stage of the operation is performed in the lateral

decubitus position. The same 6-cm incision is used for the har-

vest of the latissimus dorsi muscle. The thoracodorsal neurovas-

cular pedicle can be directly identified and protected. Then, the

10-mL, 30-degree endoscope is inserted to complete the super-

ficial and deep dissection of the latissimus dorsi muscle as pre-

viously described. The patient is then repositioned supine and

Fig. 38.7 (a) Outline of the right pectoralis muscle. (b) Through a presternal incision, the leading edge of the muscle is delivered, and sandwiched

between acellular dermal matrix for stable inset into the sternum via sutured bone anchors. (c) Inset of the muscle onto the sternum.

Fig. 38.8 (a) Axillary incision used to provide proper inset of the

transferred muscle into the humerus. (b) Use of sutured bone anchor

for creation of the new insertion of the latissimus dorsi tendon into the

anteromedial proximal humerus.
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the anterior dissection is performed to regain access to the tis-

sue expander. The tissue expander is removed and the latissi-

mus dorsi muscle is transferred into the anterior pocket and

sutured into place. A breast implant can then be positioned

deep to the latissimus dorsi muscle.8

38.6.5 Complex Form

There are rare cases where proceeding with repair at an early

age is necessary, especially in the complex form of Poland syn-

drome. However, given that the most common indication for sur-

gical intervention is cosmetic in nature, the general preference is

to delay reconstruction until late adolescence or adulthood.11

Due to the more extensive and visual anatomical abnormal-

ity, a latissimus dorsi muscle transfer with concomitant breast

implant is the preferred reconstructive method and provides

the best aesthetic outcome in the female patient.3,11,16 At a sec-

ond procedure, under local or mild sedation, the nipple-areola

complex can be repositioned. For the male patient, a latissimus

dorsi muscle transfer alone provides an excellent aesthetic

result and has the ability to restore a functional outcome as

stated previously.1

38.7 Postoperative Care
Following Poland syndrome reconstruction, standard incisional

postoperative care is required. In male patients with a func-

tional latissimus dorsi muscle transfer, the authors use a grad-

uated load-bearing regimen with the help from physical

therapists. Most of these patients are cleared for isotonic exer-

cises 1 month postoperatively and activate the latissimus dorsi

muscle with posterior extension of the upper extremity. This

activation is slowly progressed over the ensuing 6 weeks and to

full weight-training/bearing by 10 weeks postoperatively.1

For patients who require an implant-based reconstruction,

postoperative protocols apply. At the author’s institution, post-

operative oral antibiotics are given until the patient’s drains are

removed. At that time, implant “massaging” commences. This

massaging is thought to help reduce the risk of capsular con-

tracture. Patients are also encouraged to walk for at least

10minutes, every 2 hours, during the day and to do arm/

shoulder range of motion exercises four times daily. Patients

with an implant-based reconstruction are also encouraged to

avoid physical work or lifting anything greater than five pounds

for 4 weeks postsurgery. After this, the activity restrictions are

liberalized.

Closed-suction drains, when placed, are not removed until

they are outputting less than 30 cc of fluid for two consecutive

days, individually. Patients are asked to strip and record each

drain’s volume twice a day. They are cleared to shower 2 days

postoperatively; however, a piece of clear, plastic wrapping

should be placed over the drain insertion site.

38.8 Outcomes
The general outcome goals for reconstruction of the female pa-

tient is to achieve breast symmetry, re-create the anterior axil-

lary fold, and provide adequate infraclavicular fullness. These

goals are successfully achieved with any of the aforementioned

reconstructive options. However, to optimize breast symmetry,

female patients most often request a contralateral mastopexy

and/or reduction.

Seyfer et al performed 57 operations on 29 women and

incurred no revision operations when they performed the

Fig. 38.9 Nine months after functional transfer of the latissimus dorsi. A pectoral shape is visible on the chest wall.
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latissimus dorsi transfer in conjunction with the breast

implant.3 The majority of the complications seen were due to

the breast implant, itself. Capsular contractures were revised

using open capsulotomies. In four of their female patients, they

used the custom-made chest wall prosthesis, alone. All of these

subsequently were explanted due to malposition, contour irreg-

ularities, and overall patient dissatisfaction.3

The general goal for reconstruction of the male patient is to

achieve symmetric chest wall contour. As in their female coun-

terpart, the latissimus dorsi transfer, overall, had better out-

comes. Most revisions were seen in those patients undergoing

reconstruction with the customized chest wall prosthesis.

These revisions were for malposition, discomfort, contour irreg-

ularities, and overall dissatisfaction.

Like any surgical intervention, Poland syndrome reconstruc-

tion can have adverse complications including, but not limited

to, seroma, hematoma, infection, scar, delayed wound healing,

and pain/paresthesias. Seroma formation was most often seen

after the removal of the closed-suction drains in the latissimus

dorsi transfer donor site. However, as in the study of Seyfer et

al, these seromas are typically small and treated conservatively

until they resolve on their own.3

The reconstructive results for Poland syndrome tend to be

long lasting and with high patient satisfaction. However, as

with all cases involving implants, long-term complications can

occur and are manifested predominantly by capsular contrac-

ture and implant rupture.

38.9 Review Questions

38.9.1 True or False

1. There is a male and right-side predominance in Poland

syndrome.

2. There is a normal clavicular head, but a deficient sternocostal

head of the pectoralis major muscle in patients with Poland

syndrome.

3. Overall, patients are satisfied with their reconstruction using

a custom chest wall prosthesis.

38.9.2 Choose the Best Answer

4. A 33-year-old female presents with a unilateral breast and

chest wall deformity. During her adolescence, she only

experience breast growth on her left side, with contralateral

breast, chest, and nipple deformities. Her right pectoralis

major muscle is absent. Her BMI is 28. What is the best

reconstructive procedure for this patient?

a) Tissue expansion alone.

b) Custom chest wall prosthesis.

c) Latissimus dorsi muscle transfer with breast implant.

d) Serial fat grafting.

5. A 16-year-old male presents with left-side chest weakness

and an asymmetric chest since birth. He was recently

diagnosed with Poland syndrome and found to have an

absence of the pectoralis major muscle on the left. He states

that he would like to play football in high school, but is

unable to meet the minimumweightlifting requirements

due to the left-side chest weakness. What is the best

reconstructive option for this patient?

a) Custom chest wall prosthesis.

b) Serial fat grafting.

c) Latissimus dorsi muscle transfer.

d) TRAM flap.

38.9.3 Answers

1. True.

2. True.

3. False.

4. c. Latissimus dorsi muscle transfer with breast implant.

5. c. Latissimus dorsi muscle transfer.

References
[1] Buchanan P, Leyngold M, Mast BA. Bipolar latissimus dorsi transfer for resto-

ration of pectoralis major function in Poland syndrome. Ann Plast Surg.

2016; 77(1):85–89

[2] Ram AN, Chung KC. Poland’s syndrome: current thoughts in the setting of a

controversy. Plast Reconstr Surg. 123(3):949–953, discussion 954–955

[3] Seyfer AE, Fox JP, Hamilton CG. Poland syndrome: evaluation and treatment

of the chest wall in 63 patients. Plast Reconstr Surg. 126(3):902–911

[4] Seyfer AE, Icochea R, Graeber GM. Poland’s anomaly. Natural history and

long-term results of chest wall reconstruction in 33 patients. Ann Surg. 208

(6):776–782

[5] Fokin AA, Robicsek F. Poland’s syndrome revisited. Ann Thorac Surg. 74(6):

2218–2225

[6] Haller JA , Jr, Colombani PM, Miller D, Manson P. Early reconstruction of

Poland’s syndrome using autologous rib grafts combined with a latissimus

muscle flap. J Pediatr Surg. 19(4):423–429

[7] Longaker MT, Glat PM, Colen LB, Siebert JW. Reconstruction of breast asym-

metry in Poland’s chest-wall deformity using microvascular free flaps. Plast

Reconstr Surg. 99(2):429–436

[8] Borschel GH, Izenberg PH, Cederna PS. Endoscopically assisted reconstruction

of male and female Poland syndrome. Plast Reconstr Surg. 109(5):1536–1543

[9] Hurwitz DJ, Stofman G, Curtin H. Three-dimensional imaging of Poland’s syn-

drome. Plast Reconstr Surg. 94(5):719–723

[10] Wright AR, Milner RH, Bainbridge LC, Wilsdon JB. MR and CT in the assess-

ment of Poland syndrome. J Comput Assist Tomogr. 16(3):442–447

[11] Garcia VF, Seyfer AE, Graeber GM. Reconstruction of congenital chest-wall

deformities. Surg Clin North Am. 69(5):1103–1118

[12] Pereira LH, Sabatovich O, Santana KP, Picanço R, Sterodimas A. Surgical cor-

rection of Poland’s syndrome in males - a purposely designed implant. J Plast

Reconstr Aesthet Surg. 61(4):393–399

[13] Santi P, Berrino P, Galli A. Poland’s syndrome: correction of thoracic anomaly

through minimal incisions. Plast Reconstr Surg. 76(4):639–641

[14] Santi P, Berrino P, Galli A, Quondamcarlo C, Rainero ML. Anterior transposi-

tion of the latissimus dorsi muscle through minimal incisions. Scand J Plast

Reconstr Surg. 20(1):89–92

[15] Borschel GH, Costantino DA, Cederna PS. Individualized implant-based recon-

struction of Poland syndrome breast and soft tissue deformities. Ann Plast

Surg. 59(5):507–514

[16] Gatti JE. Poland’s deformity reconstructions with a customized, extrasoft sili-

cone prosthesis. Ann Plast Surg. 39(2):122–130

Breast

394



39 Gynecomastia
Brandon K. Richland, Emil Kohan, and Gregory R.D. Evans

Abstract

Gynecomastia is an anomaly involving the enlargement of the

male breast due to an increase in glandular, stroma, and/or fat

tissue. Physiologic and pathologic etiologies of this condition

are reviewed, with special emphasis given to the possibility of

breast cancer. Surgical options discussed in detail include tradi-

tional suction-assisted lipectomy, ultrasound-assisted liposuc-

tion, the pull-through technique, direct periareolar excision,

circumareolar resection, vertical resection, inverted T resection,

and subcutaneous mastectomy with free nipple graft. The

authors conclude their chapter with guidelines on postoperati-

ve care and outcomes.

Keywords: true gynecomastia, pseudogynecomastia, liposuction

39.1 Goals and Objectives
● Understand the etiologies for both physiologic and pathologic

gynecomastia.
● Appreciate the presentation of gynecomastia and key findings

in the history and physical examination that warrant

additional testing.
● Understand the various treatments for gynecomastia and

when each is indicated.
● Be able to discuss postoperative care, including complications.

39.2 Patient Presentation

39.2.1 Introduction

Gynecomastia remains an important problem encountered by

plastic surgeons. It is the most common hyperplastic breast

anomaly in children, affecting up to two-thirds of adolescent

males during puberty.1 True gynecomastia is the benign

enlargement of the male breast resulting from an increase in

glandular (ductal not lobular tissue), stroma, and/or fat. Pseu-

dogynecomastia describes an isolated increase in fat. Patients

may present with unilateral or bilateral breast tenderness and

pain, a palpable lump, concern for malignancy, and dissatisfac-

tion with their appearance. Gynecomastia is not just a cosmetic

problem as patients often experience extreme psychosocial and

self-esteem issues.2 These patients suffer teasing from peers,

have difficulty entering into relationships, and may avoid show-

ers, swimming pools, or any sports activity that may result in

exposing their chest. In these patients, consideration for psy-

chotherapy as an adjuvant to surgical treatment should be

given.2,3

39.2.2 Etiology

The most common cause of gynecomastia is idiopathic (25%).

Other causes can be broken down into physiologic and patho-

logic.4,5 Physiologic gynecomastia has three categories: (1) neo-

natal, (2) adolescent, and (3) elderly. The cause is an increase in

the estrogen to testosterone ratio, or defects in testosterone

receptors. Obesity may contribute to the onset of gynecomastia

due to increased estrogen secretion from fat cells. At birth,

gynecomastia can be seen as higher levels of circulating mater-

nal estrogens are present. This type of gynecomastia is transi-

ent and resolves as estrogen levels decline. Adolescence is the

most common time period patients experience physiologic

gynecomastia and can be seen in up to two-thirds of adolescent

males during puberty. While gynecomastia may resolve with

time and/or weight loss, surgery is an option when gynecomas-

tia is persistent. Gynecomastia has a third peak in the elderly

patients older than 65 years, believed to be from a decline in

testosterone.4,5

A list of pathologic causes are shown in ▶ Table 39.1 and can

be further divided into (1) systemic diseases, such as liver fail-

ure, renal failure, and malnutrition; (2) diseases/tumors of

endocrine glands such as thyroid, pituitary, adrenal, and testes;

and (3) drugs and medications.4,5

39.3 Breast Cancer and
Gynecomastia
The incidence of breast cancer in patients with gynecomastia is

similar to that of the general male population. Males make up

approximately 1% of all breast cancer, with an occurance of

about 1 in every 1,000 males.5,6 This means treatment with

liposuction, in which no specimens are sent to pathology, can

be safely performed without significant concern for occult

malignancy.7 Patients with Klinefelter syndrome, however, have

a 20- to 30-fold higher risk of developing breast cancer than the

general male population. While this must be considered for

preoperative planning and surgical treatment, it is unclear if

every male with Klinefelter syndrome should undergo

Table 39.1 Most common etiologies of gynecomastia

Idiopathic

Obesity

Physiologic ● Neonatal
● Adolescent
● Elderly

Pathologic Systemic ● Liver failure
● Renal failure
● Malnutrition

Diseases/tumors of

the endocrine glands

● Pituitary—hypopituitarism
● Thyroid—hyper or hypo
● Adrenal—Cushing’s

syndrome, congenital

adrenal hyperplasia
● Testis—hypogonadism,

Klinefelter syndrome
● Drug induced—estrogens,

androgens, spironolactone,

cimetidine, ketoconazole,

isoniazid, amiodarone,

digoxin, alcohol, marijuana
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screening mammography prior to breast surgery, as males still

have a lower risk of breast cancer than the general female pop-

ulation.6 In these patients, a discussion about male breast can-

cer should be initiated, and screening mammography should be

performed on a case-by-case basis.

39.3.1 Histology

There are two main histologic types of gynecomastia: florid

and fibrous. Florid gynecomastia is seen within the first few

months of onset. It is characterized by an increase predomi-

nantly in ductal tissue. Fibrous gynecomastia is usually seen

greater than 1 year after onset. Histology demonstrates an

increase in fibrous stroma with minimal ducts. There is an

intermediate subtype which occurs in the transition period

from several months to 1 year of onset.8

39.3.2 Classification

Gynecomastia may range from minimal enlargement of breast

tissue to severe overgrowth with excess skin and/or ptosis

(▶ Fig. 39.1). Classification systems take into account volume of

breast tissue enlargement and whether or not there is excess

skin and/or ptosis. Patients have different severities on presen-

tation, varying from a retroareolar mass with no skin excess

(▶ Fig. 39.1a,b), to extensive breast tissue and excess skin with

no ptosis (▶ Fig. 39.1c,d), to significant breast tissue with skin

excess and ptosis (▶ Fig. 39.1g,h). Although over the last several

decades many classification systems have been developed for

gynecomastia, there is no universally used system.

39.4 Preparation for Surgery
The history and physical examination is essential in evaluating

patients who present with gynecomastia. Questioning should

include symptoms, age of presentation, duration, whether the

size of the breasts is stable, a careful review of systems and

drug/medication use. Patients undergoing surgery must have

proper assessment of risk factors that may influence safety and

potential complications.

Key physical examination findings include a “pinch test” to

help determine consistency of breast tissue (glandular, fibrous,

solid, or fatty). The classic presentation for glandular gyneco-

mastia is a mobile well-circumscribed retroareolar mass with a

rubbery consistency. Excess skin and/or ptosis will affect treat-

ment decisions. It is important to note that gynecomastia can

be unilateral in 14 to 51% of patients, so unilateral breast

enlargement alone is not cause for alarm.9,10,11 Special attention

should be given to abnormalities that raise concern for cancer

such as spontaneous nipple discharge, irregular skin changes,

and nodules with varying consistencies. Physical examination

of the thyroid and testes should also be performed to evaluate

for pathologic causes.

Laboratory testing and imaging studies are not necessary in

every case. Healthy adults and pubertal adolescents having a

history consistent with physiologic gynecomastia and a normal

physical examination do not require further testing. If abnor-

malities are found on history or physical examination, or there

is concern for pathologic gynecomastia, further testing is indi-

cated. Prepubertal gynecomastia requires additional workup

including testicular ultrasound. Patients with feminizing char-

acteristics (small testis, lack of male hair distribution) also

require hormone testing. Feminizing characteristics associated

with a Marfanoid body habitus are associated with Klinefelter

syndrome. Karyotype and hormonal testing are indicated. Tes-

ticular or thyroid masses require hormone testing and ultra-

sound.4,5 Massive weight loss patients may require additional

testing to assess nutrition and blood count.12

39.5 Treatment
Surgery remains the gold standard treatment of gynecomastia.

Indications include to improve symptoms, cosmesis, and patient

well-being. Intervention should be considered no sooner than

12 months after the onset. Any abnormalities, underlying con-

ditions, and causative drugs/medications should be addressed

Fig. 39.1 (a–h) Spectrum of gynecomastia presentation.
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and treated prior to surgery. Treatment of the underlying cause

and discontinuation of causative medications can cause regres-

sion of gynecomastia. Despite different approaches, objectives

generally remain the same: to correct the appearance of a femi-

nine chest, eradicate the inframammary fold, remove redun-

dant breast tissue and/or skin, and to achieve symmetry and

minimize scaring.

Surgical approaches to gynecomastia include the following

techniques: traditional suction-assisted lipectomy (SAL), ultra-

sound-assisted liposuction (UAL), the pull-through technique,

direct periareolar excision, circumareolar resection, vertical

resection, inverted T resection, and subcutaneous mastectomy

with a free nipple graft. Treatment is based on the degree

of excess skin and/or ptosis, and the predominant tissue

present in the breast. Mild cases of gynecomastia with no

excess skin and/or ptosis can be initially treated by liposuction

or excision without skin resection. Fatty tissue can be treated

with liposuction, while glandular, fibrous, or solid tissue gener-

ally does not respond to liposuction and requires surgical exci-

sion. More severe cases of gynecomastia with excess skin and/

or ptosis may require a skin resection procedure at the initial

surgery.13,14,15,16,17

39.6 Operative Technique

39.6.1 Liposuction

Patients with an isolated excess of fatty tissue can usually be

treated with liposuction alone. Liposuction is important in

achieving a smooth chest wall contour, disrupting the infra-

mammary fold and removing fatty tissue with minimal scar-

ring. The patient is marked in the upright position, highlighting

areas of tissue excess and breast landmarks including the infra-

mammary fold. Under general anesthesia, the patient is placed

in supine position with arms abducted. Preoperative antibiotics

should cover skin flora. Tumescent solution is used with the

super wet technique, 1:1 ratio of infiltrate:aspirate. A standard

tumescent solution contains 1 L of lactated Ringer solution + 25

to 50mL of 1% lidocaine + 1 amp of 1:1,000 epinephrine (end

concentration of epinephrine is 1:1,000,000) + /– 12.5mL of

8.4% bicarb. Commonly two incisions are utilized, an incision in

the lateral aspect of the inframammary fold and a periareolar

incision at the inferior aspect of the areola. Tumescent infiltra-

tion is performed in all areas of tissue excess, through both inci-

sions, using a feathering crosshatch pattern. The surgeon’s

nondominant hand should be used to guide the cannula

through the subdermal layer. A prominent inframammary fold

in males is abnormal and creates the appearance of feminine

breasts. While not every surgeon disrupts this fold, some sur-

geons feel it allows for a smooth transition between the breast

and abdomen and improves postoperative skin retraction.5

Finally, evacuation is performed with a standard 3-mm cannula

for final contouring. The ideal endpoint is a smooth flat chest

without palpable or visible excess tissue (▶ Fig. 39.2).

39.6.2 The Pull-Through Technique

After treatment with liposuction, the majority of patients

still have glandular, fibrous, or solid tissue remaining. This

remaining excess tissue is now stringy or fragmented and can

be identified by direct palpation. In this situation, the pull-

through technique is useful. The inframammary incision is

enlarged to approximately 1.5 cm until the excess tissue can be

adequately manipulated. This tissue is grasped, pulled out

through the enlarged incision and excised until the desired

endpoint is reached. Care should be taken to leave a small

amount of tissue deep to the areola, usually 0.5 to 1 cm in thick-

ness. Excising too much retroareolar tissue may cause

unwanted nipple and areolar depression resulting in a “saucer”

deformity (▶ Fig. 39.2).

Fig. 39.2 (a,b) 16 year-old with Grade II

adolescent gynecomastia. (c,d) 1 year following

suction lipectomy, and transareolar simple

mastectomies.
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39.6.3 Direct Periareolar Excision

A common presentation for patients with gynecomastia is an

isolated rubbery well-circumscribed mass which resides in the

retroareolar position. In these cases, liposuction will be of lim-

ited use, and direct periareolar excision can be utilized

(▶ Fig. 39.3, ▶ Fig. 39.4). This procedure differs from the pull-

through technique in that the initial incision is made around

the areola rather than enlarging the liposuction incision. The

glandular tissue is well-formed rather than stringy or frag-

mented because it has not been subjected to liposuction. While

these two techniques have some overlap, the liposuction with

pull-through is more useful for patients with excess fatty tissue

and limited glandular hypertrophy. The direct periareolar

excision is more useful for patients with isolated retroareolar

glandular hypertrophy.

The direct periareolar excision can be performed under local

anesthesia, intravenous sedation, or general anesthesia. A 180-

degree semicircular periareolar incision is commonly used

along the inferior aspect of the areola. This marking should be

exactly at the skin areolar junction and performed before

injecting local anesthetic to avoid disruption of landmarks. An

incision inside the skin areolar junction may cause a white line

while an incision outside the skin areolar junction may cause

Fig. 39.3 Inner dashed line represents the

perimeter of the direct periareolar excision, outer

solid line showing areas to be liposuctioned.

Fig. 39.4 Example of a patient (a-c) before and (d-f) after direct excision with the use of a compression garment. No skin excision was required.
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hypertrophic scaring. During the resection, care should be

taken to leave a small amount of tissue deep to the areola, usu-

ally 0.5 to 1 cm in thickness. Excising too much retroareolar tis-

sue may cause unwanted nipple areola depression resulting in a

“saucer” deformity. If there is also excess tissue in the periphery

of the breast, a more extensive resection is warranted. Chest

skin flaps are developed (similar to mastectomy flaps) in the

plane between the subcutaneous fat and breast tissue. Excess

breast tissue is excised and contoured to achieve a smooth

chest wall. Alternatively liposuction can be used for contouring

as well.

39.6.4 Skin Resection Circumareolar

In patients with severe gynecomastia, the degree of excess skin

and/or ptosis will determine whether a skin resection proce-

dure should be performed initially. Younger patients with good

quality skin can achieve significant skin envelope contraction

once the underlying parenchyma has been removed.5,9 There-

fore, in patients with only mild excess skin/ptosis it is reason-

able to either perform a skin resection procedure initially or

assess the results of the first gynecomastia procedure prior to

skin resection. When reassessment is performed in 6 to 12

months postoperatively, many patients may not require a skin

resection procedure at all (Box 39.1).5,18 Advantages of staging

the procedure are ease of contouring the chest at the second

operation, and the potential for decreased scarring. Performing

skin resection initially may avoid a second operation, which

may be of increased importance to cosmetic patients responsi-

ble for costs. In either case, it is important to initiate a discus-

sion about the risks and benefits of performing skin resection

initially versus a staged procedure.

Box 39.1

In the event that a skin resection procedure is performed, the

amount of skin resected is less than what would have been re-

quired if the procedure were not staged.

Patients with severe excess skin and/or ptosis will require a skin

resection procedure initially. This includes circumareolar resec-

tion, formal breast reduction techniques with vertical or

inverted T patterns, and free nipple grafts (▶ Fig. 39.6,

▶ Fig. 39.7). An algorithm can be followed that is similar to a

female mastopexy. These patients are usually obese, or are mas-

sive weight loss patients. Their feminine breast characteristics

result from a combination of excess breast tissue, excess skin,

breast ptosis, and a prominent inframammary fold. While

resection of excess skin may be necessary in these patients,

patients are informed that they will be trading improved con-

tour for residual scars.

For a circumareolar resection, the breast landmarks and the

inframammary fold are marked with the patient in standing

position (▶ Fig. 39.5). The inner circular marking on the areola

approximates the new size of the areola. The male areola is

approximately 25 to 30mm (28mm average) and oval in shape.

This is smaller than the female areola. The markings should be

made with the skin on moderate radial stretch, as this will

approximate the tension after closure. Not placing the skin on

stretch may result in an enlarged areola postoperatively. The

outer marking is designed to place the resulting nipple–areola

complex in the ideal position. This location should be just above

the inframammary fold/inferior border of the pectoralis major

and slightly lateral to the mid clavicular line. Typical sternal

Fig. 39.5 A 42-year-old male presenting with

severe bilateral gynecomastia with significant

excess in breast tissue and skin, as well as ptosis

of the breasts. (a,b) Pre-op. (c,d) Post-op from

liposuction and circumareolar resection.
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notch-to-nipple distance is 20 cm and nipple-to-nipple distance

is 21 cm.19 Incisions are made through the inner and outer

markings and the skin between the two incisions is deepithe-

lialized. Liposuction is performed to contour the periphery

while any remaining retroareolar glandular, fibrous, or solid

tissue can be removed with the pull-through technique or 180-

degree inferior periareolar incision through the dermis. If the

dermis must be incised circumferentially, a central pedicle can

be used to maintain blood supply to the nipple–areolar

complex.

39.6.5 Skin Resection, Inframmary
Crease, with or without Free Nipple
Graft

Massive weight loss patients present an interesting challenge in

the surgical approach to gynecomastia. After bariatric surgery

most patients lose about 50 to 70% of their excess weight over 1

to 2 years, and stabilize at a body mass index (BMI) of around

30 to 35. No reconstruction should be undertaken until the

patient’s weight has stabilized for 6 to 12 months. While

bariatric surgery can improve hypertension, hyperlipidemia,

type 2 diabetes, obstructive sleep apnea, and death from cardi-

ovascular causes, these patients may develop nutritional defi-

ciencies (iron; folate; calcium; albumin; and vitamins B12, A, D,

E, and K), protein deficiency, anemia, and increased wound

complications.12,20

While the rare massive weight loss patient may present with

mild gynecomastia that can be treated without skin resection, it

is more common to see these patients with severe excess skin

and ptosis requiring significant skin resection (▶ Fig. 39.7). They

are also more likely to present with varying degrees of pseudo-

gynecomastia, depending on the degree of post bariatric sur-

gery weight loss, rather than hypertrophy of actual glandular

tissue. Currently, there are insufficient data to support criteria

on when to perform a free nipple graft in massive weight loss

patients. However, those patients with severe skin laxity, the

nipple–areola complex located well below the inframammary

fold, lateral chest rolls, and upper abdominal skin excess, are

candidates for this procedure. It is also important to prepare

the patient for the possibility of postoperative loss of nipple

Fig. 39.6 Massive weight loss patient with severe

skin excess as well as fibroglandular excess.

Treatment was provided using a vertical

mastopexy technique. The superiorly pedicled

nipple complex and a dermal pedicle is

demonstrated with associated skin flap and tissue

resection. Courtesy of Bruce A. Mast, MD.

Fig. 39.7 (a,b) Preoperative and (c-e) postoperative photo of a massive weight loss patient with severe skin excess and breast ptosis. Preoperative

markings for skin resection combined with free nipple grafting, with extension of skin resection into the flanks and continued as brachioplasty.

Courtesy of Bruce A. Mast, MD.
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sensation, pigmentary changes, a “stuck-on” appearance of the

nipple and significant scarring.9,20

Breast landmarks and the inframammary fold are marked

with the patient in standing position (▶ Fig. 39.7a). Retract

downward on breast tissues to mark the superior incision over

the desired location of the final horizontal scar. This is usually

at the inframammary fold and inferior border of the pectoralis

major. The inferior incision is marked using the pinch test to

remove all excess tissue. Include lateral chest rolls with an axil-

lary “L” extension and excess upper abdominal skin in the

resection if possible. The superior incision is made first and

excess breast tissues along with the inferior marking are

brought toward the superior incision ensuring enough tissue

will be removed without creating excess tension. If the mark-

ings are accurate, proceed with the inferior incision and com-

plete the resection. The nipple is either maintained on a pedicle

(▶ Fig. 39.6), or placed as a free graft with the appropriate size

and location as above (▶ Fig. 39.7a,b).

39.7 Postoperative Care
Gynecomastia surgery is most often done as an outpatient, with

the potential exception of the procedure being combined with

other body contouring procedures. Standard postoperative

office visits are provided with the first visit usually within 48 to

72 hours after surgery. A compression dressing or vest is worn

at all times for 2 to 4 weeks postoperatively. Some surgeons

continue the compressive dressing for an additional 4 weeks at

nighttime only. Restrictions include no strenuous physical

activity or exercise for 4 to 6 weeks. Activities of daily living and

light exercise or walking are allowed. If closed suction drains

are used, they are continued until output is less than 30mL/day.

Overall healing is expected to take several months, with skin

retraction and continued contouring occurring over the first

year.

39.8 Outcomes
Overall complication rates range from 10 to 30% depending on

the study, type of operation, grade of gynecomastia, and

patient’s BMI.4,5,20 These include bleeding, seroma, wound heal-

ing complications, and need for surgical revision. The most

common early complication after gynecomastia surgery is hem-

atoma, reported in 5 to 10% of cases. Evacuation is necessary in

all significant hematomas to prevent distortion of the breast as

the hematoma is replaced by fibrous tissue.5,18

The most common late complication after gynecomastia sur-

gery is under-resection of tissue. This is especially common in

patients who undergo liposuction alone. Scarring can also be

bothersome to patients, especially when undergoing large skin

excisions. The need for revision surgery is common, and seen in

up to 10% of patients depending on the study. While most

changes in sensation of the nipple–areolar complex improve

over time, hypesthesia or hyperalgesia can persist.5,12,18

Even with these risks, patients undergoing gynecomastia sur-

gery are extremely satisfied with their experience and report

improvement in pain, symptoms, and cosmetic appearance.5,11

Handschin et al in 2008 determined that while almost half of all

gynecomastia patients experienced some degree of mastodynia

preoperatively, surgery resolved their pain in all cases.9

Additionally, the psychosocial improvements experienced by

patients undergoing gynecomastia surgery are significant.

Patients reported improved interpersonal relationships; an

increase in social activities, especially ones that may require

removing the shirt; and reduction in peers teasing them about

their problem.2,3,21

Surgery is an effective treatment for properly selected

patients with gynecomastia, providing reduction of symptoms,

psychosocial improvements, and enhanced cosmesis.

39.9 Review Questions

39.9.1 Choose the Best Answer

1. Which is most likely to be true gynecomastia?

a) A 23-year-old male with bilateral isolated retroareolar

masses not regressing.

b) A 23-year-old obese male with bilateral enlarged breasts

and ptosis.

c) A 9-year-old male with bilateral enlarging breasts.

d) A 33-year-old male 3 years post bariatric surgery with

severe skin excess and ptosis.

2. What is the most common etiology of gynecomastia?

a) Marijuana.

b) Idiopathic.

c) Sex tumor induced.

d) Klinefelter syndrome.

3. A mother brings in her 9-year-old son with bilateral

enlarging breasts. She complains that he gets made fun of at

school and would like them removed. What is the best next

step?

a) Direct periareolar excision.

b) Suction-assisted liposuction with pull-through.

c) Skin resection procedure.

d) Testicular examination and ultrasound.

e) No testing or treatment at this time.

4. A 23-year-old male with bilateral, isolated, rubbery, well-

circumscribed retroareolar masses presents to your office.

What is the next best step after thorough history and

physical examination?

a) Direct periareolar excision.

b) Suction-assisted liposuction with pull-through.

c) Skin resection procedure.

d) Testicular examination and ultrasound.

e) No testing or treatment at this time.

5. What is the best treatment for a 28-year-old man 2 years

post bariatric surgery with severe excess skin and ptosis?

a) Direct periareolar excision.

b) Suction-assisted liposuction with pull-through.

c) Circumareolar skin resection.

d) Reduction mammaplasty with possible free nipple graft.

39.9.2 Answers

1. a. A 23-year-old male with bilateral isolated retroareolar

masses not regressing.

2. b. Idiopathic.

3. d. Testicular examination and ultrasound.

4. a. Direct periareolar excision.

5. d. Reduction mammaplasty with possible free nipple graft.

Review Questions
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40 Sternal Reconstruction
R. Brad Nesmith, Zachary T. Young, and Adam J. Katz

Abstract

Sternal reconstruction, as the name implies, is a sternal/chest

wall reconstruction made necessary due to infection, oncologic

resection, and trauma. A presurgical examination drawing on

imaging (CT, nuclear), nutritional markers, and knowledge of

any prior reconstruction the patient has had to the chest wall is

necessary to determining the proper treatment. The authors

guide the reader through each stage of treatment, from

debridement of infected and necrotic tissue, to soft tissue cov-

erage options (pectoralis major, rectus abdominus, latissimus

dorsi, and omental flaps), to adequate drainage. Pictures from

actual cases illustrate the discussion in the text. Guidelines for

postoperative precautions are followed by closing paragraphs

on outcomes and potential complications.

Keywords: sternal wound reconstruction, sternal wound dehis-

cence, deep sternal wound infections, ipsilateral rectus muscle

40.1 Goals and Objectives
● Understand the etiology and risk factors for sternal wound

breakdown.
● Define the goals of reconstruction and various reconstructive

options.
● Have an understanding of the indications for use of sternal

plating systems and vacuum-assisted closure devices.

40.2 Patient Presentation
The most common indications for sternal wound reconstruction

are infection, oncologic resection (+ /– subsequent radiation

affects), and trauma.1 The chest wall, composed of 12 paired

ribs and a midline sternum, serves to protect the heart, lungs,

and great vessels. Numerous antagonistic muscle groups rely on

the rigid thoracic framework to produce functional breathing.

When the overall structure of the chest is affected, it can lead

to significant physiologic changes and associated morbidity.

Thus, it is imperative to address any disruption or wound early

to limit the effect on the patient’s long-term functional status.

Infection most commonly occurs in the setting of cardiac sur-

gery and can manifest in a number of ways. Patients who

undergo sternotomy for coronary artery bypass, in which the

internal mammary artery (IMA) is harvested, are at an

increased risk for sternal nonunion and subsequent wound

infections. Studies have shown sternal blood flow is decreased

as much as 90% when the IMA is harvested.2 Infections that

occur between the skin and pectoralis fascia are termed super-

ficial sternal wound infections (SSWI) and carry a mortality/

morbidity rate between 0.5 and 9%. However, infections that

are deep to the pectoralis musculature, deep sternal wound

infections (DSWI) or mediastinitis, are more serious with a

mortality rate between 10 and 47%. Risk factors for develop-

ment of DSWI include diabetes, chronic obstructive pulmonary

disease (COPD), obesity, tobacco, osteoporosis, prolonged oper-

ative times, and reoperation.1 In addition, patients who develop

sternal wound complications after chest surgery are prone to

an average of 20 more days in the hospital and a nearly three-

fold increase in hospital costs.1 In 1986, Pairolero and Arnold

classified infected sternal wounds based on interval between

surgery and presentation of symptoms (▶Table 40.1).3

Most commonly patients present with an open wound or

draining sinus tract. Patients may also present with a sternal

click on exam or the complaint of “bony pain” with deep inspi-

ration or coughing. Intermittent low-grade fevers and overall

malaise can be subtle signs of an indolent chronic infection.

40.3 Preparation for Surgery
Reconstruction can be generalized into soft-tissue coverage and

rigid skeletal support. Restoration of skeletal support and rees-

tablishing the thoracic framework prevent paradoxical chest

wall motion and facilitate physiologic respiration. Preoperative

imaging, including CT and nuclear medicine scans, can assist in

planned bony resection and assess for the potential need for

rigid fixation. However, the decision to use a sternal plating sys-

tem must take into account any potential infection remaining

in the wound bed. Finally, preoperative antibiotic therapy

should be guided by available wound biopsies. A treatment

duration of 6 to 8 weeks is usually required after adequate bone

and soft-tissue debridement.

Table 40.1 Classification of Infected Sternal Wounds

Type Timing Presentation Treatment

Type I < 7 d Serosanguineous drainage without signs of

osteomyelitis/costochondritis

Intravenous antibiotics with single-stage operative

debridement/washout

Type II 1st–4th wk ● Purulent drainage and cellulitis
● Costochondritis is rare but osteomyelitis is

frequent

● Intravenous antibiotics
● Operative wide debridement and removal of

sternal wires/plates
● Muscle flap coverage
● Closure over drains

Type III Months to years ● Chronic draining sinus tract with localized cellulitis
● Costochondritis and osteomyelitis are frequently

seen

● Wounds are packed open and treated with

frequent dressing changes
● When clean these are closed with muscle flap

coverage
● Closure over drains
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Poor nutritional markers (prealbumin/albumin) along with

suboptimal glucose control can reduce the likelihood of a suc-

cessful reconstruction. An effort should be made to maximize

nutrition and maintain normal glucose levels perioperatively.

Finally, while there are a number of flaps that can be used to

reconstruct thoracic defects, the previous use of the internal

mammary vessels in coronary bypass, location of the sternal

wound, and prior surgeries may limit the options. If there is any

question about the availability or patency of a certain flap, pre-

operative imaging may help reveal potential flap inadequacies.

40.4 Treatment
Wound Preparation and Rigid Skeletal Reconstruction

The thorough and complete debridement of all infected and

necrotic tissue followed by vascularized soft-tissue coverage

with adequate drainage is key. Tissue cultures showing> 105

organisms/cm3 are considered positive and should be treated

with debridement, antibiotics, and possibly vacuum-assisted

wound dressing followed by delayed coverage.4 The immediate

use of rigid plating systems should be avoided when possible in

the face of positive wound cultures. Debridement should

include all devitalized tissue and removal of previously placed

implants including sternal wires, plates, and pacing wires. Bone

debridement should be performed until bleeding is seen from

edges and the cortex is no longer soft and friable (▶ Fig. 40.1,

▶ Fig. 40.2). Radical sternectomy is not indicated and sternal

salvage should be attempted if the bone is viable.4

Subatmospheric pressure wound therapy may be utilized to

increase peristernal blood flow, even in the face of internal

mammary harvest.5 It has also been shown to decrease bacte-

rial counts and decrease dead space by increasing granulation

tissue formation.6,7 Through these mechanisms, negative pres-

sure wound therapy has been shown to decrease the number of

days between wound debridement and definitive closure (8.5–

6.2 days) and the number of flaps required per patient (1.5–

0.9).8 Finally, by only having to change the negative pressure

dressing three times per week instead of the traditional twice

per day gauze changes, there is less exposure of the wound and

fewer procedures on potentially debilitated patients. The use of

vacuum-assisted wound therapy is now the standard of care in

many situations. These include in patients who are unstable,

whose chest cannot be closed due to cardiopulmonary compro-

mise, or situations in which pathologic disease-free margins

must be confirmed.9

Rigid fixation is ideal and paramount for bony union and sta-

bilization of the chest wall. It has been shown to prevent para-

doxical chest wall motion, improve patient comfort, accelerate

healing, and decrease mediastinal hernias compared to flap

coverage alone (▶ Fig. 40.3).10 Studies have shown plating pro-

motes earlier bony union from accelerated osseous healing.11

The increased stabilization and re-establishment of normal

chest function has been shown to decrease ventilator depend-

ence and reduce overall hospital length of stay.11 Recurrent

plate infections can be minimized with thorough debridement,

culture-directed antibiotic therapy, and adequate soft-tissue

coverage. Cicilioni et al performed rigid fixation on 50 consecu-

tive cases in which 37 cases were culture positive for osteomye-

litis and report only one plate infection.12

40.4.1 Soft Tissue Coverage

Since 1980, when Maurice J. Jurkiewicz and his Emory col-

leagues published their 20-year experience, flap coverage has

been the gold standard for sternal wounds.13 Recruitment of

adjacent tissue is necessary, as there is typically a very limited

Fig. 40.1 Open mediastinal wound after heart transplant complicated

by fungal mediastinitis.

Fig. 40.2 Sternal wound after complete debridement and removal of

sternal wires.
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amount of soft tissue immediately available over the sternum

and even less after wide debridement. The muscle flaps most

commonly utilized include the pectoralis major, rectus abdomi-

nus, and the latissimus dorsi flaps. The omentum is often used

for reconstruction of large, deep wounds and can be used alone

or in conjunction with other flaps. It is essential to understand

the indications and limitations of each flap, as the resultant

wound can become greater than anticipated after debridement

and one must be able to improvise (▶Table 40.2).

Pectoralis Major Flap

The pectoralis major muscle serves to internally rotate and

adduct the arm. It originates along the sternum, medial clavicle,

and superior six costal cartilages and inserts on the bicipital

groove of the humerus. The flap is a type V muscle flap, with

the thoracoacromial artery being the major supply and addi-

tional segmental flow arising from intercostal perforators

derived from the IMA. The thoracoacromial artery is a branch of

the second portion of the axillary artery. It emerges from under

the clavicle between the middle and lateral third of the clavicle.

It passes on the undersurface of the muscle between the pec-

toralis major and minor. The flap can be raised in a fairly avas-

cular plane as a muscle-only or myocutaneous flap. The

dissection for flaps based on the thoracoacromial trunk should

start medially at the sternal attachment. The superior attach-

ment to the clavicle should be taken down as well. Lateral dis-

section should be carried out until adequate medialization into

the defect is accomplished. The muscle may also be released

from its insertion on the humerus to gain more medial

advancement and a greater arc of rotation. This is usually

performed through a counter incision near the axillae. Con-

versely, the flap can be used as a turnover flap based on the

internal mammary perforators. This should only be performed

once the patency of the ipsilateral internal mammary has been

confirmed. This dissection proceeds in a suprafascial dissection

above the muscle and is carried out until it can be divided from

its humoral insertion. Again, this may require a counter incision

to fully visualize the insertion. The thoracoacromial artery is

divided as the muscle is flipped into the defect. The majority of

sternal wounds can be closed with a single pectoralis flap; how-

ever, more extensive defects may require bilateral muscle flaps.

Inferior sternal defects are difficult to obtain consistent cover-

age with pectoralis flaps. In such cases, studies have shown that

extending the pectoralis dissection to include anterior rectus

fascia or splitting the pectoralis turnover flap can help provide

coverage inferiorly.

Rectus Abdominus Flap

Each rectus abdominus muscle serves to flex the trunk. It origi-

nates on the pubis and inserts on the costal margin. It is a type

III muscle flap with the superior and inferior deep epigastric

arteries being the two major pedicles. The deep superior epi-

gastric vessel is the continuation of the internal mammary ves-

sel onto the abdomen. It pierces the posterior rectus sheath

superiorly just after the final costal cartilage and travels on the

posterior surface of the muscle. It anastomoses with the deep

inferior epigastric, an ascending branch of the external iliac, at

the level of the umbilicus. The flap can be raised as a muscle-

only or myocutaneous flap depending on the reconstruction

required. In general, the rectus flap is not a good option if the

IMA on the same side has been used for bypass. However, in

dire settings, when no other flaps are available, some have

reported that the rectus flap can be pedicled superiorly even in

Fig. 40.3 Wound after placement of sternal plating system.

Table 40.2 Summary of Common Flaps Useful for Sternal

Reconstruction

Flap Ideal coverage

location

Limitations

Pectoralis major Anterior upper/middle

sternal or

sternoclavicular

defects

Inferior sternal defects

Rectus

abdominus

Anterior chest wall

defects, need for skin

paddle

Previous abdominal

operations that may have

disrupted the superior

epigastric artery or the

associated perforators

Latissimus dorsi Anterior or

anterolateral chest

wall defects, posterior

midline thoracic

defects, need for skin

paddle

Previous ipsilateral

thoracotomy

Omental Deep medial chest

wounds, large soft-

tissue defects

Previous intra-abdominal

surgery that may have

sacrificed the right or left

omental pedicle

Chest, Trunk, and Lower Extremity Reconstruction
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the absence of the internal mammary system, based on acces-

sary blood supply from the eighth subcostal artery.14,15,16 If a

muscle-only flap is to be harvested, a variety of incisions can be

used. The most common are the midline and the paramedian

incision oriented over the rectus muscle. The dissection is taken

down to the anterior rectus fascia. This is divided longitudinally

exposing the entire length of the muscle. The anterior sheath is

dissected off the muscle without disrupting the inscriptions

and violating the integrity of the muscle. Localization and divi-

sion of the deep inferior epigastric vessels on the lateral side of

the muscle near its origin allows for elevation of the flap in an

avascular plane from inferior to superior. Care must be taken to

avoid injury to the pedicle as it runs along the underside of the

muscle. The muscle can be transposed into the defect and cov-

ered with local soft tissue and skin, or grafted skin. The divided

anterior rectus fascia is approximated and the abdomen is

closed. If a myocutaneous flap is desired, a template can be

designed from the defect and oriented either vertically,

obliquely, or horizontally over the rectus muscle. After division

of the skin and soft tissue, the anterior rectus fascia under the

skin paddle is excised and is taken with the flap (▶ Fig. 40.4,

▶ Fig. 40.5). The resultant anterior fascial defect may be too

large for primary closure, requiring that mesh repair be per-

formed. It is important to explain to the patient preoperatively

that this may ultimately result in abdominal wall laxity (i.e.,

bulging) or hernia. It is critical to assess the patient before

surgery for prior abdominal operations that may have compro-

mised cutaneous perforators or violated the intramuscular

blood supply.4

Latissimus Dorsi Flap

The latissimus dorsi muscle functions to adduct, extend, and

internally rotate the arm. Known as the climbing muscle, it

originates along the thoracolumbar fascia and iliac crest and

inserts into the intertubercular groove on the superior aspect of

the humerus. It is a type V muscle flap with the major arterial

supply being the thoracodorsal artery in addition to the seg-

mental posterior intercostal perforators. The thoracodorsal

artery is the terminal branch of the subscapular circumflex

artery which is a branch of the axillary artery. The thoracodor-

sal artery pedicle runs along the posterior surface and enters

the muscle approximately 5 cm from the posterior axillary fold.

Similar to the previously described flaps, this can be raised as a

muscle-only or a myocutaneous flap. The muscle is very broad

with a significant arc of rotation making it ideal for reconstruc-

tion/coverage of upper extremity, back, and chest wall defects.

For sternal wounds, this flap can be used in patients who do

not have usable pectoralis muscles or in combination with

other flaps. Preoperative markings should include any desired

skin paddle and the location of the scapular tip which marks

the superomedial extent of the muscle. The dissection is fairly

straightforward and should attempt to harvest the full length

Fig. 40.4 After inset of myocutaneous rectus flap

into sternal wound defect.

Fig. 40.5 Two months post-op.
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and width of the flap. Exposure should start with defining the

borders of the muscle along the lower six thoracic vertebrae,

iliac crest, along the scapular tip and its interface with the ser-

ratus and oblique musculature. Once the muscle has been fully

exposed, it may be raised from its caudal attachments and con-

tinued toward the thoracodorsal pedicle. Care must be taken to

avoid accidentally elevating the serratus. To avoid complaints of

flap animation and postoperative pain, a small portion of the

thoracodorsal nerve may be resected. To gain more arc of rota-

tion, the humeral attachment may be divided. Once completely

mobilized, the flap may be transposed into the defect. Seromas

are very common with this flap donor site; so, closure over

drains and possibly the use of quilting sutures can help reduce

the incidence.

Omental Flap

The omentum has been used for various reconstructions over

the entire body for more than 100 years.14 The fatty abdominal

apron is composed of visceral fat, blood vessels, and an abun-

dance of lymphatics. It originates along the greater curvature of

the stomach and is supplied by two dominant pedicles—the

right and left gastroepiploic arteries. The two properties

that make this flap ideal for reconstruction are the potential

flap volume, which can cover and fill large deep wounds

(▶ Fig. 40.6, ▶ Fig. 40.7, ▶ Fig. 40.8, ▶ Fig. 40.9), and its pedicle

length, which can grow with the division of arterial arcades. For

sternal wound reconstruction, the flap is most commonly iso-

lated on the right gastroepiploic artery and can be passed into

the defect either through the diaphragm or over the costal mar-

gin. It is preferred to pass the omentum through the right hemi-

diaphragm to avoid the heart and to allow the left lobe of the

liver to buttress the defect and prevent hernia.4 Alternatively,

the flap can be brought out through the upper abdomen and

tunneled subcutaneously into the sternal defect. Once interpo-

lated, the flap may be covered with local soft tissue or a skin

graft. This flap is ideal for an extensive defect, patients with no

remaining available muscle flaps secondary to previous surgery

or damage due to chest wall radiation. The omentum can also

be used in conjunction with other flaps to fill a full-thickness

sternal defect prior to coverage with other muscle flaps. Again,

a thorough understanding of the patient’s prior surgical history,

with attention to any previous resection or use of the omentum

will help avoid unnecessary laparotomies. The omentum may

also be harvested laparoscopically to avoid a laparotomy.

Fig. 40.6 A 72-year-old male with large basal cell of the anterior chest.

Resection resulted in a large full-thickness defect requiring

reconstruction.

Fig. 40.7 Omentum harvested through small

epigastric incision and tunneled into large defect.
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In all of these reconstructive options, there is wide and

extensive tissue dissection making seromas common. These can

be difficult to deal with for the patient and practitioner alike.

For this reason, judicious use of closed suction drains is recom-

mended for the donor and the recipient site.

40.4.2 Postoperative Care

All patients undergoing sternal reconstruction are placed on

sternal precautions for 6 weeks with strict instructions to avoid

direct pressure to the sternum. Postoperative antibiotic therapy

is lengthy and should be guided by tissue cultures and possibly

the recommendations of the infectious disease team. Drains are

continued until outputs drop below 30mL/day for 2 consecu-

tive days. No routine imaging is required unless concerns arise

postoperatively. Patients are routinely seen 1 week post dis-

charge to ensure the wound is progressing well, and then with

decreasing frequency after the drains are removed.

40.5 Outcomes
The incidence of DSWI after median sternotomy is between 1

and 5%.14 The associated mortality ranges in the literature from

10 to 47%.14,17 These patients should be treated with debride-

ment, antibiotics, and flap coverage. Studies have shown that

patients referred to and treated by plastic surgeons have signifi-

cantly decreased ventilator dependence, tracheostomy, devel-

opment of stage III/IV pressure sores, major wound dehiscence,

hospital length of stay, and mortality compared with patients

who are not referred.18 Brandt and Alvarez compared a group

of patients managed with debridement followed by muscle or

Fig. 40.8 Skin grafting of omental flap.

Fig. 40.9 Two months post-op.
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omental flap reconstruction to a similar group of patients

treated at the same institution with traditional debridement,

rewiring, and closed suction drainage. They demonstrated a

22% major complication and 0% mortality rate in their group

compared to 92% rate of major complications and a 33% mortal-

ity rate in the traditionally treated group.19

Complications requiring reoperation following sternal wound

reconstruction include recurrent infection and wounds, acute

incisional dehiscence, and hematoma. Zahiri and colleagues

found that reoperative complications were associated independ-

ently with the comorbidities of diabetes, hypertension, coronary

artery, congestive heart failure, and renal insufficiency.20 Further-

more, most surgeons would agree that recurrent infection and

their associated wounds are likely due to retained chondritis,

since the extent of parasternal costal cartilage debridement at

the time of reconstruction is the most difficult to judge clinically.

The disparaging outcomes for patients not treated aggres-

sively are significantly influenced by their overall fragile state.

These patients are often ventilator dependent, diabetic, obese,

malnourished, and have impaired pulmonary reserve. These

patients must be evaluated and treated quickly to help restore

normal chest wall function and provide vascularized muscle

coverage to help encourage healing and delivery of antibiotics.

40.6 Review Questions
1. What are the risk factors associated with the development of

sternal wound dehiscence and subsequent deep sternal

wound infections?

Factors that influence wound healing after any surgery-uncon-

trolled diabetes, smoking, chronic steroid use, and poor nutri-

tion are concerns in sternal wound healing as well. Factors

particular to sternal wound healing include the use of the inter-

nal mammary artery, previous sternotomies, COPD, obesity/

macromastia, osteoporosis, use of intra-aortic balloon pump

devices, and prolong operative times.

2. What are the indications for rigid sternal plating?

Rigid fixation of the sternum has been shown to produce earlier

boney union due to accelerated osseous healing and increased

patient comfort with the elimination of paradoxical sternal

movement. Indications for rigid fixation include all patients

who require boney debridement due to devitalized tissue and

good opposition between the sternal halves is suboptimal. Plat-

ing high-risk patients (diabetes, COPD, steroid dependence,

obese [BMI > 30], renal failure, or repeat sternotomy) primarily

has been shown superior to wire cerclage alone.

3. What are soft-tissue coverage options for sternal wounds?

As outlined above, soft-tissue options should be dictated by the

location and extent/size of the sternal wound. Also, making

sure to understand any prior surgeries that may eliminate vari-

ous future reconstructive options.

4. Does harvesting the internal mammary artery for cardiac

bypass preclude the use of the ipsilateral rectus muscle for

flap coverage?

While the authors do not recommend the use of the ipsilateral

rectus muscle in the face of previous IMA harvest, studies have

shown that the muscle may be based on an accessory blood

supply from the intercostal vessels. This would be used, in our

practice, as an option only when no other options exist and not

as a first choice.

5. What precautions should these patients be placed on after

surgery?

Patients should be instructed to be on strict sternal precautions

for 6 weeks postoperatively. This includes the following:

a) No pulling or pushing when getting into/out of a chair or bed.

b) No flexing/extending of arms at the shoulder greater than 90

degrees.

c) Brace yourself with pillow for any coughing/sneezing.

d) Call your physician with any drainage, redness, or clicking.

40.6.1 True or False

1. Use of the internal mammary artery (IMA) in cardiac bypass

surgery does not affect blood flow to the sternum because of

the compensatory opening of “choke” vessels.

2. Negative pressure wound therapy is an ineffective adjunct in

the care of sternal reconstruction patients.

3. More often than not, a rectus abdominus flap harvested from

the same side as a previously harvested IMAwill be

dependably successful if used for reconstruction.

40.6.2 Choose the Best Answer

4. All of the below are associated with deep sternal wound

infections:

a) Mortality rates of nearly 50%.

b) Increased length of stay.

c) Increased cost of care.

d) None of the above.

e) All of the above.

5. Basic principles of sternal wound reconstruction include:

a) Thorough debridement of infected, non-vital tissue.

b) Culture-guided antibiotics.

c) Removal of all hardware/foreign body.

d) Soft-tissue coverage with or without bony fixation.

e) All of the above.

40.6.3 Answers

1. False.

2. False.

3. False.

4. All of the above (e).

5. All of the above (e).
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41 Abdominal Wall Reconstruction
Gregory A. Dumanian and Bruce A. Mast

Abstract

This chapter addresses the considerations involved in remediat-

ing bulges and hernias. The challenge in these procedures is to

create a lasting connection between two divided tissues under

tension. Bulges result from lessened strength and elasticity of

the abdominal wall and generally pose no risk; hernias come

with a higher risk that can result in serious and long-term

symptoms. Presurgical steps (e.g., advising the patient to lose

weight and/or stop smoking) are outlined, and the procedures

for hernia repair are detailed. Unsupported repairs rely solely

on sutures to hold the abdominal wall; supported repairs add a

reinforcing mesh to the repair site; bridged repairs suture span-

ning material to the abdominal wall. The authors cover the fac-

tors, strengths, and contraindications that should be weighed in

deciding which repair best suits a patient. Extended discussion

is given the critical areas of skin vascularity, force distribution,

and components release with perforator preservation and force

distribution with mesh. Images from actual cases supplement

the discussion in the text. Postoperative care guidelines and

information regarding outcomes and complications are also

included.

Keywords: bulge, hernia, rectus diastasis, umbilical hernia

defect, spanning mesh

41.1 Goals and Objectives
● Understand the anatomy and forces on the abdominal wall.
● Appreciate the blood supply to the skin and the abdominal

wall musculature and how to preserve it during abdominal

wall closures.
● Establish an algorithm for the treatment of the open

abdominal wound.
● Develop a working knowledge of prosthetic and bioprosthetic

meshes for elective hernia repair.
● Develop the concept of force distribution and suture pull-

through as it relates to abdominal wall closure.

41.2 Patient Presentation
The central issue to abdominal wall reconstruction (AWR) is the

optimal means to create a lasting connection between two div-

ided tissues under tension. Understanding the forces and physi-

ology at the suture/tissue interface (STI) is critical to successful

closure of the abdominal wall.

Patient presentation is straightforward, and the majority of

diagnoses can be established with a history and physical exami-

nation that will distinguish between two conditions—bulges

and hernias. Bulges occur when the strength and elasticity of

the abdominal wall is not enough to contain the viscera uni-

formly from episodes of increased intra-abdominal pressure.

The classic appearances of postpartum women and the epigas-

trium of heavier older males (the so-called "beer belly") are

consistent with rectus diastasis and bulges. In general, there is

no risk to abdominal wall bulges, because the intestines face a

smooth peritoneal lining without abrupt transitions and will

not strangulate. In certain areas of the body such as the groin,

umbilicus, and the epigastrium, a failure of the local tissue to

contain the viscera creates a true hernia–distinctive from

abdominal wall bulges due to a small defined ring that can per-

mit entry of a bowel loop and possibly lead to strangulation. In

contradistinction to the smooth peritoneal contour of bulges,

these “ventral” hernias (as they are located on the front surface

of the abdomen) have rings in the shape of the letter omega

with a lip that can catch the preperitoneal fat and bowel. A third

category of abdominal wall defects is incisional hernias, notable

for the scar demonstrating a prior entry into the abdomen

(▶ Fig. 41.1). The scar at the STI has not withstood the abdomi-

nal wall tensions and pressures and has failed over time. Mech-

anistically, the total strength of the physical construct of repair

and the biologic healing is less than the loads applied at some

point in the postoperative period, leading to deformation of

scar and failure. There is some minor overlap between groups;

for instance, a bulge from rectus diastasis can be associated

with the development of a true umbilical or epigastric hernia.

History and physical examination is typically adequate to differ-

entiate these clinical entities, though an abdominal CT scan can

add confirmatory information for heavier patients (▶ Fig. 41.2,

▶ Fig. 41.3).

Patients will present with complaints of pain, bowel disor-

ders, and/or change in abdominal wall contour. Large hernias

and bulges associated with a loss of intra-abdominal pressure

will often be associated with back pain due to a loss of “core

strength” due to decreased intraabdominal pressure. Hernia

size and location may not be overly correlated with symptoms,

as some small hernias will be symptomatic and large hernias

can be unnoticed by the patient. The indication for repair of

these hernias and bulges is for the decrease of local pain and

the avoidance of bowel incarceration at the hernia site. Quality-

of-life improvements from repaired contour and core strength

are harder to quantitate but are also present.

The majority of patients will present, as above, with a large

ventral hernia, often as a recurrent incisional hernia. Less com-

mon are patients who have recovered from an abdominal catas-

trophe such as necrotizing fasciitis, multiple laparotomies with

subsequent skin grafting over bowel, stomas, or large wounds

with enterocutaneous fistulae. These patients’ complaints are

similar to those with large hernias, but have the added issues of

potentially larger defects of the abdominal wall with possible

absence of multiple anatomic components. They often have a

level of debilitation due to long illness and convalescence.

41.3 Preparation for Surgery
All patients are encouraged to lose weight prior to surgery, but

this is seldom achieved. Actively smoking patients similarly are

urged to stop for 1 to 2 months prior to the procedure, though

smokers have not had worse outcomes for the procedures

described in the following section. Immunosuppressants are
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Fig. 41.1 Patient with a 7-cm wide hernia after

colostomy takedown.

Fig. 41.2 Cross-sectional abdominal CT scan of

patient with large incisional hernia after liver

transplantation.

Fig. 41.3 Cross-sectional abdominal CT scan of

patient who has had multiple recurrences from

previously failed ventral hernia repairs. The

abdominal muscles are visualized bilaterally and

labeled on the patient’s right: R is rectus

abdominus; E is external oblique; I is internal

oblique.
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managed by the transplantation surgery teams, steroids should

be at stable (and low) doses, and sirolimus is to be avoided due

to its profound wound healing effects. Standard medical evalua-

tion is done if needed, including cardiac clearance by the pre-

operative clinic or the patient's medical doctor. Specific

assessment of nutritional status, including pre-albumin serum

levels, may be required dependent on the patients underlying

condition. The lead author (G.A.D.) prescribes a gentle bowel

preparation the night before surgery, consisting of clear liquids,

a half bottle of magnesium citrate, and two bisacodyl tablets to

clear the bowel of particulate matter. This is done to decrease

intra-abdominal volume and to minimize the early forces at the

STI. Many surgeons do not prescribe a bowel prep if the hernia

is easily reducible and no loss of domain is present.

Patient who have recovered from a significant intra-abdomi-

nal illness with a resultant large hernia should be fully stable

and recovered from the initial health crisis that led to the

abdominal wall defect. Additionally, patients with enterocuta-

neous fistula require maximal nutritional support and matura-

tion of their fistula. If a defect is present with skin-grafted

small bowel, a degree of scar maturation is needed to be able

to remove the skin graft. Often times, gently pinching the skin

graft provides an assessment of the degree of adherence to the

underlying bowel. These patients with complex defects most

often require a combined surgical effort with the primary

surgical service. Confirmation of normal lower extremity anat-

omy and blood supply is required if flaps from the thigh are

considered.

41.4 Treatment

41.4.1 Concepts of Pressure, Tension,
and Type of Repair

The goal of a hernia repair is to return uniformity to abdominal

wall counter pressure against the viscera. “Unsupported” direct

repairs rely solely on sutures to hold the abdominal wall. “Sup-

ported” direct repairs attempt to distribute the forces on the

repair over a larger area by adding a reinforcing mesh to the

suture repair site. In bridged repairs, a spanning material is

sutured to the abdominal wall to prevent bowel from entering

the hernia sac, but the abdominal wall is not approximated.

These three methods of abdominal wall repair have radically

different conceptualizations of the long-term efficacy of

approximating the divided abdominal wall.

A suture acts to appose two divided tissues by applying pres-

sure on the inner aspect of a thin flexible loop. A perfectly

placed suture would apply just enough force to bring the tissues

together to overcome early distraction forces. In an ideal world

when forces required to appose tissue are low, the tissue inside

the loop of suture remain viable, and inflammation caused by

the tissue division and reapproximation incites the normal cas-

cade of wound healing. Unimpeded biologic healing should be

expected to regain 70% of the native tissue strength.1 The long-

term strength of the closure in these situations is the physical

strength of the suture construct and the strength of the healed

biologic tissues. The tensile strength of the physical construct is

directly related to the microencapsulation of suture and mesh

filaments as a foreign body response. Failure of the physical

construct is due to tearing of the filaments away from its encap-

sulation scar. The ultimate tensile strength of the biologic heal-

ing is from scar tissue that joins and unifies the gap between

the divided tissues. Therefore, the total strength of any repair is

a complex mixture of scar between living tissues and around

foreign bodies. High tension closures (such as in abdominal wall

surgery and orthopedics) may be different from other situa-

tions in surgery, because the forces required for tissue approxi-

mation create tissue pressure that in all likelihood can exceed

capillary perfusion pressure, causing necrosis and creating a

micropressure sore within suture loops. This area of necrosis

turns into scar2 and has the potential to remodel, stretch, and

thin over time in response to physical stresses. Visually, this

effect is the commonly recognized phenomenon of suture pull-

through, as the sutures can be seen to cheese wire through the

intact abdominal wall (▶ Fig. 41.4).

The three types of abdominal wall closures (suture unsup-

ported repair, direct supported repair, and spanning mesh

repair) have markedly different concepts regarding the healing

of high tension approximations. A suture repair of an abdomi-

nal wall defect regards the biologic healing and physical

strength of sutures to be acceptable to resist the forces at the

STI. It is well established that suture repairs trade a higher rate

of long-term failure of these high tension closures for decreased

local wound issues of mesh implantation.3 Direct supported

repairs attempt to reduce the forces at the STI by increasing the

surface area of foreign material and encouraging microencapsu-

lation scar. Proponents of direct supported repairs find the ben-

efits of a stronger physical repair worth the downsides of mesh

use and more tension at the closure site due to the reapproxi-

mation of divided tissue. Finally, spanning meshes used for

abdominal wall defects rely solely on the physical strength of

the repair, as there is no attempt to join the abdominal wall at

the defect. The abdominal wall muscles are not manipulated

and moved, thereby keeping low the tension at the closure (the

so-called tension-free repair). The abdominal wall muscles are

shortened and not at their optimal lengths, causing them to be

at a weaker, less contractile point on their Starling curves. A

muscle intentionally left with sarcomere overlap at the micro-

scopic level would not generate as much force against the

spanning mesh, with the thought that this lower tension state

Fig. 41.4 Suture pull-through example.
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would lead to a longer-lasting hernia repair. Having presented

these three viewpoints, there is general consensus that suture

repairs should only be attempted for defects 2 to 3 cm in size.

For the two remaining options, it has been shown that direct

supported repairs have lower recurrence rates than bridged

repairs in open surgery,4 and therefore will be the focus of this

chapter. The efficacy of laparoscopic-bridged repairs is touted

by several authors. Such repair is most often done by general

surgeons without the input of plastic surgeons. Therefore, this

is outside the scope of this review.

41.4.2 Surgical Procedure for Incisional
Hernias Based on Skin Vascularity and
Force Distribution

Abdominal Skin Vascularity

The dominant blood supply to the abdominal wall comes from

perforating blood vessels that emerge through the rectus

abdominis muscle and supply the central abdominal skin. In

rough terms, below the umbilicus the source of these perfora-

tors is the deep inferior epigastric artery and above the umbili-

cus is the superior epigastric artery. These perforators exist in

medial and lateral rows and are located in the periumbilical

area. In the inferolateral abdominal skin, the vascular supply is

from the superficial inferior epigastric system, and over the

external oblique in the upper and mid-abdomen the sources of

blood are lateral intercostal perforators. Abdominal skin flap

elevation is a commonly performed surgical maneuver, but is

not without risk of necrotic tissue loss, as it requires adjacent

angiosomes to supply the tissue whose primary perforating

vessel was divided.

A working knowledge of abdominal skin blood flow is impor-

tant in the performance of hernia surgery, as skin flap elevation

is a necessary requirement for exposure and manipulation of

the abdominal musculature. Old skin incisions interrupt the

dermal circulation, and so one should assume that blood does

not cross a scar. With new skin flap elevation and loss of a pri-

mary perforating vessel, the blood flow becomes less pulsatile

and more laminar. The choke vessels dampen pulsatility and

there is overall lower arteriolar pressure. Tissue perfusion,

based on the difference between arterial and venous pressures,

is also decreased because outflow is reduced due to choke ves-

sels on the venous side. Decreased total blood flow that lacks

pulsatility has been shown experimentally and clinically to

have more unreliable healing than when tissue is oxygenated

with pulsatile blood flow.5,6,7 Preservation of perforators will

maintain skin vascularity and be a significant aid in healing.

Scarred soft-tissue vascular beds only have laminar flow, and

therefore should be removed whenever possible.

Force Distribution

If the forces on the closure are greater than the sum of the

strength of the physical construct of closure and the strength of

biologic healing, then the scar will remodel and widen. The

early separation of laparotomy closures as a predictor of even-

tual incisional hernia formation was demonstrated by Pollock

and Evans and later confirmed by Burger et al.8,9,10 Force

distribution is a concept that focuses on lowering the forces

experienced at each STI. The lower the STI at each suture and

the more evenly distributed the forces for closure, the higher

the success of closure. Alternatively, the greater the episodic

forces experienced at the STI, the more the sutures will pull

through the tissue—the central cause of hernia recurrence.11,12,

13 While the total force of closure in direct supported repairswill

be greater than the forces experienced by bridging meshes, the

forces at the STI are lowered in two separate ways. First, the

total force of closure is divided by a greater number of sutures,

thereby lowering the force at each individual STI. Second, the

long-term strength of the repair is achieved both with the phys-

ical construct of mesh and the biologic healing of the overlying

abdominal wall.

A compliant abdominal wall absorbs energy with coughs, the

Valsalva maneuver, and forceful movements, rather than send-

ing energy waves to the STI. Patients with weight loss, treated

ascites, and a history of multiple large gestations are all known

to have compliant abdominal walls and relative success with

closure. Patients with noncompliant abdomens include those

patients with prior intra-abdominal sepsis and scarring, a his-

tory of radiation therapy, lateral scarring from prior incisions,

and patients at their maximal weight. The state of a hernia itself

causes an abdominal wall to become less compliant.14 While

many view a components release as a means to bring vascular-

ized tissue to the midline for closure, an alternative conceptual-

ization is to regard the release of the external oblique muscle as

a means to improve lateral abdominal wall compliance and

thereby protect the midline sutures.

It is often remarked that hernias tend to occur at the end of

the repair, and this too can be explained as a function of the

STI. The best hernia repairs have smooth transitions between

repaired abdominal wall and intact fascia, with a “matching” of

compliances. Mismatched compliances will cause high tension

at the STI and suture pull-through. Anchoring mesh to noncom-

pliant rib or symphysis pubis in particular leads to areas of

imbalance of STI forces and early failure. Another situation

where compliance mismatches (and increased chance for fail-

ure) exist is when a direct supported repair for a midline inci-

sional hernia ends adjacent to significant rectus diastasis. It is

for this reason that recurrences often occur at the superior and

inferior borders of mesh. In general, a longer repair with prop-

erly balanced forces at each STI (working out the “dog-ears” of

the abdominal wall closure) is optimal for long-term success

and is preferable to a short repair. This is opposite to the common

belief that one should leave alone stretched but otherwise intact

abdominal wall.

Surgery Technique: Concepts of Components
Separation

The primary principle guiding abdominal wall closure is the

reduction and minimization of tension. Ramirez et al described

a procedure of “components separation” with the goal of span-

ning large defects in the abdominal wall.15 The procedure sepa-

rates the muscular elements of the abdominal wall along

natural fascial planes, by incising the external oblique fascia just

lateral to the semilunar line which is its fusion with the anterior

rectus sheath. The external oblique is dissected away from the

internal oblique within the normal avascular plane to the level

of the perforating vasculature along the level of the posterior
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axillary line, creating a rectus abdominis/internal oblique flap.

By doing this bilaterally, gaps of up to 8, 20, and 10 cm can be

closed in the epigastrium, mid-abdomen, and hypogastrium,

respectively. Additionally, posterior rectus sheath flaps can also

be created by incising the sheath laterally and creating a turn-

over flap toward the midline, if further tissue is required. This

last maneuver is not usually done currently by most surgeons

due to worries of further weakening the rectus to rectus

opposition.

Surgical Technique: Components Release
with Perforator Preservation and Force
Distribution with Mesh

After a wide skin preparation and under general anesthesia, the

previous midline incision is opened and extended both superi-

orly and inferiorly. The hernia sac is identified and the abdomi-

nal cavity entered. Intestinal adhesions to the hernia sac and

the posterior aspect of the abdominal wall are widely taken

down. When appropriate, no further bowel manipulation or

enterolysis is performed in order to lessen postoperative vis-

ceral swelling. The anterior rectus fascia is cleared for a distance

of 4 cm from its medial border. This requires incision of the her-

nia sac with cautery, and the division of any medial rectus

abdominis perforators. This maneuver will not interrupt any

lateral rectus perforators, nor will it reach the semilunar line. At

this point, a decision about mesh location is made. Typically, for

patients with normal abdominal wall compliance by history

and physical examination, a hernia in which the medial aspect

of the rectus muscles are separated by less than 6 cm by CT scan

can be closed with a direct supported repair using a retro-rec-

tus mesh and without a components release. Between 6 and 14

to 16 cm, a component separation is usually needed to achieve

a direct supported repair with a retro-rectus mesh. Over 14 to

16 cm, the author typically uses a components release with an

intra-abdominal mesh to achieve fascial closure.

In order to release the external oblique muscle and fascia and

to maintain skin vascularity, a transverse incision is made at the

inferior costal margin about 6 to 8 cm in length. Dissection to

the semilunar lines is performed, and the end of the external

oblique muscle is visualized as it turns into the anterior rectus

fascia. With blunt dissection using the end of a narrow Deaver

retractor both superiorly onto the chest and inferiorly in the

direction of the anterior superior iliac spine (ASIS), the semilu-

nar lines are exposed. Using cautery and under direct vision,

the external oblique muscle and fascia are divided to create a

myofascial rectus abdominis flap. It is important to release high

onto the ribs in order to take tension off the superior-most rec-

tus muscle during closure. In the inferior direction, standard

instruments and lighting permit the division of the external

oblique muscle and fascia to the ASIS. Through the transverse

incision, the external oblique is bluntly elevated off of the inter-

nal oblique to the level of the mid-axillary line to improve

abdominal compliance and to allow for medial movement of

the rectus abdominis muscle.

It is important to complete the fascial release all the way to

the level of the symphysis pubis so that the rectus muscle is not

tethered as it is moved toward the midline. A blunt tunnel is

created from the lower aspect of the midline incision in the

suprapubic area toward the ASIS and is brought into continuity

with the tunnel created from the upper lateral incision. The cut

end of the external oblique muscle, in the shape of the letter

“V,” is captured by a dissecting index finger and pulled into the

midline incision where it is divided under direct vision. The

tunnels described preserve the soft-tissue attachments

between the skin and the rectus muscle, thereby protecting

skin vascularity in this perforator-preserving operation. Perfo-

rators are not individually skeletonized, thereby simplifying

and speeding up the release that takes about 5minutes on each

side to perform.

The perforator-preserving technique described earlier is pref-

erable to the “standard” component separation method in

which the skin flaps are elevated off the rectus fascia to the

semilunar line. The external oblique fascia is then divided and

the rectus flap created. This method divides medial and lateral

rectus perforators and leaves only the intercostal perforators

and superficial inferior epigastric artery. As described earlier,

this creates a high risk for devascularization of the skin flaps

with subsequent necrosis and may contribute to seromas and

postoperative infections.

When a retro-rectus mesh is placed, the space between the

posterior fascia and the rectus muscle is opened for about 4 cm,

avoiding the deep inferior epigastric artery, perforators to the

posterior fascia, and lateral intercostal segmental nerves. The

posterior fascia is closed with a running 2–0 monofilament

suture to exclude the bowel (▶ Fig. 41.5). A piece of macropo-

rous monofilament uncoated polypropylene mesh is cut to be

7.5 cm wide and the length of the closure. Bioprosthetic meshes

have not been shown to improve outcomes and are not com-

monly used.16 0-Polypropylene sutures are passed through the

anterior rectus fascia and rectus muscle, 4 cm lateral to the

medial aspect of the rectus muscle and spaced 2 to 3 cm apart.

The mesh is inserted flat and tight, with gradual loading of the

abdominal wall musculature to achieve closure (▶ Fig. 41.6,

▶ Fig. 41.7, ▶ Fig. 41.8). Using this simple geometric formula,

the mesh will be inset under tension and without wrinkles.

Mesh wrinkles can create pressure sores into the bowel or the

overlying tissues, permit fluid collections, and possibly add to

difficulty for later surgical dissections. The medial aspect of the

rectus muscles is closed over the mesh to achieve a direct sup-

ported repair (▶ Fig. 41.8). For intra-abdominal mesh, an identi-

cal technique is performed after mobilization of the falciform

ligament and preperitoneal fat. Important to this force distribu-

tion technique that routinely requires high tension for closure

is the number of sutures. Up to 30 sutures are used for a full

abdominal wall closure from xiphoid to symphysis pubis.

Therefore, the total force of closure is divided by the number of

trans-rectus sutures to decrease the forces experienced at each

STI. Done in this manner, while the total tension on the midline

may initially seem too tight, clinically the forces at the STI are

below the point for suture pull-through.

For truly massive hernias with the rectus muscles separated

more than 15 to 20 cm in transverse dimension and clinically

with a loss of domain, caution should be used before attempting

repair. There are no good methods to accurately predict who

will have respiratory difficulties postoperatively and who will

require a bridging mesh. At Northwestern, patients with respi-

ratory difficulties on oxygen or with prior tracheostomies for

respiratory failure are not offered hernia repair surgery. It is our

goal to always achieve a direct supported repair, and so patients
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Fig. 41.5 The retro-rectus space has been developed and the posterior

sheath approximated to close the defect. Retractors elevate the medial

aspect of the rectus muscles.

Fig. 41.6 A 7.5-cm mesh is sewn to the underside of the rectus

muscles, with sutures placed 4 cm from the free muscle edge.

Fig. 41.7 Mesh placed flat and tight in the retro-rectus space. Fig. 41.8 The medial aspect of the rectus muscles is closed over the

mesh to achieve a direct supported repair.
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with large hernias will typically receive an intra-abdominal

mesh, as the tissues will accept a higher degree of force without

suture tearing. The outcome of these patients using a narrow

flat mesh has been favorable with low fistula and hernia recur-

rence rates.17,18 More recently, strips of mesh used as sutures

are used to close these wider defects without the risk of poly-

propylene causing adhesions to bowel.19

Medialization of the rectus muscles and attached overlying

skin by definition cause skin and subcutaneous tissue to

become redundant. Routine resection of this tissue as a vertical

panniculectomy will serve to cleanse potentially contaminated

skin edges, will remove scar and skin without pulsatile blood

flow, and decrease potential dead space (▶ Fig. 41.9). Drains or

quilting sutures are important to further handle these dead

spaces.

Further techniques are required for closure of patients with

large complex abdominal wall defects, inclusive of skin/soft tis-

sue loss and/or loss of domain. Tissue expanders may be

required for creation of sufficient skin to allow closure and may

also facilitate restoration of intestinal domain. Regional/distal

flaps from the thigh may also be required, such as the tensor

fascia lata flap, rectus femoris flap, anterolateral thigh flap, and

vastus lateralis flap. If skin and fascia are required, the most

reliable means is via use of the anterolateral thigh flap, some-

times in combination with the tensor fascia lata or vastus later-

alis (▶ Fig. 41.10).

41.4.3 Postoperative Care

The patients are given predominantly narcotics for pain control.

No nasogastric tubes are used. Clear liquids are started upon

the return of bowel function, typically during the third or

fourth postoperative day. Binders are used to compress the soft

tissues back to the abdominal wall. Antibiotics are given for 24

hours. Unfractionated heparin is given for the time in hospital

and occasionally in the early postoperative period at home to

limit deep vein thrombosis. Drains are left in place until they

are under 30mL a day. The patients leave 5 to 6 days after sur-

gery only on oral analgesics. The patients are encouraged to

walk as tolerated immediately. Nonimpact exercise can com-

mence after 4 to 6 weeks. Isometric core exercise training can

begin at 3 months. Light impact exercise is permitted at 6

months, and full exercise is allowed at 12 months.

41.5 Outcomes
There are two critical components to this midline hernia repair.

A narrow mesh placed in the retro-rectus position with multi-

ple sutures to distribute forces acts as a pledget to decrease

forces at each individual STI thereby limiting suture pull-

through. The large number of sutures essentially quilts the

mesh to the abdominal wall—following a well-established prin-

ciple that a well-fixed foreign body does not become infected.

Reliable healing is demonstrated in both published and unpub-

lished data from our institution of the reproducibility of this

technique. The mesh is kept narrow to resist wrinkling at its

edges, to limit the total amount of foreign material, and to avoid

unnecessary elevation of wide tissue flaps. As a side benefit,

keeping the sutures nearer to the midline also avoids larger

segmental intercostal nerves. The Rives-Stoppa repair with

large meshes has a 27% chronic pain rate, an issue we believe is

avoided with these narrow meshes.20 Many surgeons who use

large meshes avoid suture fixation for reasons of utility, diffi-

culty with suture placement, and avoidance of larger segmental

nerves. Downsides to this strategy of using giant meshes

include opening much larger tissue planes permitting fluid to

collect, the development of mesh wrinkles at the outer edges

when trying to fit a flat mesh to a curved surface, and a poorly

stabilized mesh that may be slow to incorporate. Finally, large

meshes will change overall abdominal wall compliance, leading

to lateral stiffness and some measure of discomfort. A narrow

mesh designed only to stiffen the midline leaves the lateral wall

compliant and protective from the phenomenon of pull-

through.

Perforator preservation has been shown to decrease local

wound complications in two different reports in the literature

in comparison to open component repairs with standard skin

undermining. Surgical site infection (SSI) for open procedures

has been consistently reported in the 25% range. The report of

Dumanian and Saulis in 2002 was the first to directly compare

wound complication rates in component procedures with and

without perforator preservation.21 Local wound complications

decreased from a baseline of 20% down to 2% with the

improved soft tissue vascularity. Butler in 2011 with a similar

conceptualization of perforator preservation documented a

reduction in local wound complications from 32 to 14%.22

Fig. 41.9 Excess skin including old colostomy site excised as vertical

panniculectomy.
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Patients with incisional hernias repaired at the Northwestern

Feinberg School of Medicine with force distribution techniques

that focus on the STI and tissue vascularity have been reviewed.

One hundred consecutive retro-rectus repairs, performed

between 2010 and 2014 in patients with an average BMI of 29

and with a Ventral Hernia Working Group breakdown of

49:37:13:1 for levels 1 to 4, respectively, were recently reviewed.

There were no mesh infections or removals, and no known her-

nia recurrences to date with a 15-month follow-up. The SSI rate

was 2%, the SSO rate was 3%, and the only return to the operat-

ing room was for a hematoma. Thirty-three percent of the

patients had a prior or simultaneous components release.

41.6 Review Questions

41.6.1 True or False

1. One year after abdominal wall incision and closure, the

abdominal wall will regain 90% of its original strength.

2. Rectus diastasis is performed only for cosmetic and not

functional issues.

41.6.2 Choose the Best Answer

3. Optimal treatment of a 3-cm umbilical hernia defect would

involve

a) Suture repair.

b) Mesh repair.

c) Repair at the time of abdominoplasty and treatment of

rectus diastasis.

d) All of the above.

4. These blood vessels all supply blood to the anterior

abdominal wall except

a) Deep inferior epigastric perforators.

b) Superficial inferior epigastric perforators.

c) Superior epigastric perforators.

d) External oblique perforators.

e) Thoracodorsal perforators.

5. Optimal closure of abdominal wall defects involve

a) Direct repair with suture only.

b) Direct supported repair.

c) Tension-free (spanning mesh) repair.

Fig. 41.10 (a) Patient after resection/takedown of enterocutaneous fistula. Both rectus muscle and overlying skin have been subtotally resected. The

large defect was bridged with underlay porcine acellular dermal matrix in preparation for regional flap reconstruction. (b) A composite left

anterolateral thigh flap and vastus lateralis flap are mobilized on their shared pedicle for reconstruction. (c) The flap has been inset providing

autologous fascial closure without tension due to the inlay biologic mesh. (d) Eight weeks after closure showing abdominal wall integrity with some

minor peripheral skin necrosis. (e) Healing donor site, which was skin grafted.
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41.6.3 Answers

1. False. 70%.

2. False. Rectus diastasis results in decreased core pressure and

thereby is associated with the development of back pain.

3. d. All of the above.

4. e. Thoracodorsal perforators.

5. b. Direct supported repair.
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42 Lower Extremity Reconstruction
Mark M. Leyngold

Abstract

This chapter covers the spectrum of issues and challenges

involved in the surgical repair of lower extremity wounds and

fractures. The goals of treatment are listed (debride devitalized

tissue and obtain healthy wound bed; restore stability, struc-

ture, vascularity, and function; etc.), and the sequential proce-

dure for treatment is outlined for both bony and soft-tissue

reconstruction. Each area of the lower extremity (thigh, knee,

etc.) is covered, and treatment options are enumerated. An

important discussion of chronic wounds of the lower extremity

is included, pointing out the reasons why a good clinical out-

come is difficult to achieve. The author concludes the chapter

offering guidance on postoperative care and looking at possible

outcomes, good and bad.

Keywords: Gustilo classification, Byrd classification, posterior

tibial nerve, split-thickness skin graft (STSG)

42.1 Goals and Objectives
● Understand the proper evaluation, management, and

reconstructive options of acute and chronic lower extremity

wounds.
● Clearly define the indications for lower extremity

reconstruction and be able to choose an appropriate

reconstructive option based on the location, size, extent, and

etiology of the defect.
● Understand appropriate postoperative care, cost, and

outcomes in patients with complex lower extremity wounds.
● Know the evidence-based timing for free flap lower

extremity traumatic wound reconstruction to maximize

patient safety and quality outcomes.

42.2 Patient Presentation
Patients with lower extremity wounds requiring reconstruction

present many challenges to a plastic surgeon, and, thus, have to

be addressed methodically. Treatment approaches vary accord-

ing to the etiology of the wound and patient factors. Lower

extremity wounds can be a result of trauma or open fractures,

postsurgical dehiscence, compartment syndrome, tumor, radia-

tion damage, vascular insufficiency, and diabetes. Goals of

reconstruction should be (1) to debride devitalized tissue and

obtain healthy wound bed; (2) restore stability, structure, vas-

cularity, and function; (3) obliterate dead space; (4) provide

durable coverage of vital structures; and (5) provide a quality

aesthetic result.1 Evaluation of any trauma patient with a lower

extremity wound should always begin with ABCs and evalua-

tion of associated injuries and comorbidities; assessment of

wound size, depth, and exposure of vital structures; vascular

examination (palpable pulses); neurologic examination; and

evaluation of radiographs.

Open tibia fractures are classified based on the severity of

bony injury and soft-tissue damage (▶ Fig. 42.1).

The most popular classification of open fractures is by Gustilo

and Anderson (▶ Table 42.1).2

42.3 Preparation for Surgery and
Prognostic Factors
Physicians who treat lower extremity trauma would like to

have a reliable way to predict prognosis for each patient. The

most important early decision to be made in the event of severe

leg trauma is whether to reconstruct or to perform early ampu-

tation. Orthopedic and plastic surgeons generally agree that

Fig. 42.1 Patient with chronic Nocardia infection

of proximal leg and knee. (Courtesy of Bruce A.

Mast, MD.)
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many lower extremity injuries are best served by reconstruc-

tion; others are candidates for primary amputation. Delayed

amputation is considered a treatment failure, as this outcome

suggests possible judgment error during the initial manage-

ment. Delayed amputation has been linked to increased hospi-

tal course, increased risk of sepsis, more operations, and

increased disability. Multiple scoring systems including Lower

Extremity Assessment Project (LEAP) have been designed to

compare outcomes of patients with severe lower extremity

trauma.3 Unfortunately, these scoring systems do not reliably

predict which injured limbs should undergo primary amputa-

tion. Most would agree that absolute indications for lower

extremity amputation are complete disruption of posterior

tibial nerve in adults and crush injuries with warm ischemia

time greater than 6 hours. Amputation should also be consid-

ered if there is serious associated polytrauma, severe ipsilateral

foot trauma, failed vascular reconstruction with two or more

injured tibial vessels, and anticipated protracted course to

obtain soft-tissue coverage and tibial reconstitution.1 Keller

reviewed 10,000 tibial shaft fractures and found that the risk of

systemic complications is increased in the presence of the fol-

lowing: comminution, displacement, bone loss, distraction,

soft-tissue injury, infection, and polytrauma.4

42.4 Treatment
Treatment of lower extremity trauma should be done in the

following order:

1. Stabilization of fracture (usually external fixator).

2. Restoration of inflow, if required.

3. Four compartment fasciotomies, if required.

4. Debridement and washout of the wound.

a) If major blood vessel exposure is present then immediate

soft-tissue coverage (to avoid blowout).

b) If no exposed vital structures, then repeat scheduled

debridement.

The most important aspect of treatment is thorough debride-

ment. It should be repeated if required to ensure clean and non-

contaminated wound.1

42.4.1 Timing of Reconstruction

According to Byrd et al, radical bone and soft-tissue debride-

ment with flap coverage should be done in the first 5 to 6 days

after injury for type III and IV fractures.5 A complication rate for

Byrd type III wounds averaged 18% during that time frame

(▶Table 42.2). Fractures not treated by early muscle flaps pre-

dictably entered a colonized subacute phase that extended from

1 to 6 weeks postinjury. Complications after treatment with

flaps during this phase averaged 50%. Approximately after 4 to

6 weeks untreated severe injuries enter a chronic phase charac-

terized by a granulating wound, adherent soft-tissue, and

decreasing areas of infection. After soft-tissue coverage, the

complication rate for this chronic group was 40%.5

Yaremchuk et al reviewed patients with flap coverage at an

average of 17 days after injury with infection rate of only 14%.

The key difference was aggressive debridement and complete

removal of all bone fragments.6 According to Godina, free flaps

for lower extremity reconstruction performed within the first

75 hours have a failure rate of only 0.75%, postoperative infec-

tion rate of 1.5%, and time to union of 6 to 8 months. Consistent

with Byrd et al’s findings, Godina found that free flaps per-

formed between day 3 and 3 months and flaps performed

between 3 months and 12 years had a failure rate of 12 and

9.5%, respectively. Time to union and infection rate were also

significantly increased in those groups.7

42.4.2 Bony Reconstruction

One of the priorities in patients with open tibial wounds is bony

stabilization. Options for stabilizing reduced fractures include

plaster immobilization enclosing an open wound; internal fixa-

tion with plates, rods, and screws; and external fixation. When

a bone gap is present, reconstruction becomes more compli-

cated. Nonvascularized bone grafting can be a good option for

smaller bony gaps. Some authors state that cancellous bone

grafts can be used for bony defects up to 10 cm. The graft has to

be placed under a well-vascularized flap. Intact fibula facilitates

bone grafting of longer defects by acting as a strut to keep the

extremity at length. When the fibula is not intact, which is

quite frequent occurrence in these high-energy fractures, other

methods of bony reconstruction should be employed if the

defect is greater than 8 cm.

Table 42.2 Byrd classification of lower extremity trauma

Type Criteria

I Low-energy forces causing a spiral or oblique fracture

pattern with skin lacerations < 2 cm and a relatively clean

wound

II Moderate-energy forces causing a comminuted or displaced

fracture pattern with skin laceration > 2 cm and a moderate

adjacent skin and muscle contusion but without devitalized

muscle

III High-energy forces causing a significantly displaced fracture

pattern with severe comminution, segmental fracture, or

bone defect with extensive associated skin loss and

devitalized muscle

IV Fracture pattern as in type III but with extreme-energy forces

as in high-velocity gunshot or shot-gun wounds, a history of

crush or degloving, or associated vascular injury requiring

repair

Source: Adapted from Byrd HS, Spicer TE, Cierney G, III. Management of

open tibial fractures. Plast Reconstr Surg. 1985; 76(5):719–7305

Table 42.1 Gustilo classification of open fractures of the tibia

Type Description

I Wound < 1 cm with minimal soft-tissue injury

II Wound is > 1 cm with moderate soft-tissue injury

IIIA Extensive soft-tissue damage with adequate soft-tissue

coverage

IIIB Extensive soft-tissue loss with periosteal stripping and

bony exposure

IIIC Extensive soft-tissue loss with vascular injury

Source: Adapted from Gustilo RB, Anderson JT. Prevention of infection

in the treatment of one thousand and twenty-five open fractures of

long bones: retrospective and prospective analyses. J Bone Joint Surg

Am. 1976; 58(4):453–4582
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Free osseous or osteocutaneous flap transfer may be required

when the bone gap is long. Most commonly free fibula, iliac

crest, or scapula is used for bony reconstruction. Weiland et al

concluded that vascularized bone grafts are indicated for seg-

mental defects larger than 6 cm.8 Another useful technique that

may be employed when a large bone gap is encountered (gen-

erally > 10 cm) is distraction osteogenesis. Fractured ends of the

bone are radically debrided and transaction of the cortical bone

is made proximally outside of the zone of injury, leaving the

medullary bone intact followed by Ilizarov pins near bone ends

on either side of the gap and distraction apparatus. After a 7-

day waiting period, distraction at 1mm/day begins until defect

is spanned. The frame is usually kept on for about 1 year.

Advantage of this method is that the amount of bone generated

is anatomically correct for the size of the defect, soft-tissue

defects may be closed spontaneously by simultaneous length-

ening during the same process and blood transfusions are usu-

ally not required. Despite the advantages, this is a very difficult

process; thus, patient cooperation and compliance are keys to

success. Potential complications may include pin-tract infec-

tions, stiffness of adjacent joints, and severe pain.9

42.4.3 Soft-Tissue Reconstruction

When it comes to soft-tissue reconstruction, the goals are sta-

ble wound coverage, acceptable appearance, and minimal

donor-site morbidity. Principles used in many other aspects of

plastic surgery also apply in lower extremity reconstruction.

They include adequate and possibly serial wound debride-

ments, infection control, with recipient vessels and flaps

outside of the zone of injury.

It is useful to think of lower extremity wounds based on the

level of injury. For the purposes of reconstruction, defects can

be divided into thigh wounds, wounds involving upper third of,

middle third, and lower third of the leg respectively. Foot recon-

struction can be separated into dorsal and plantar defects as

the coverage options may vary between the two (▶Table 42.3).

Generally, most authors would agree that the majority of

thigh wounds can be treated with negative pressure therapy

followed by a split-thickness skin graft (STSG) or Integra

placement. There are generally large amounts of muscle tissue

that can be advanced locally into the wound. Flaps that are

available for coverage include tensor fascia lata, gracilis, rectus

femoris, vastus lateralis, and biceps muscle flaps.

Medial head of gastrocnemius is a workhorse flap for upper

third of the leg defects and the knee. It has a broad muscle

belly; single, proximal neurovascular pedicle; and no residual

functional deficit. To obtain greater muscular coverage of larger

surface area defects, it is useful to score the fascia perpendicular

to gastrocnemius muscle fibers (▶ Fig. 42.2, ▶ Fig. 42.3,

▶ Fig. 42.4). Other less common options include lateral head of

gastrocnemius (generally smaller), proximally based soleus, or

bipedicled tibialis anterior. Tibialis anterior is extremely impor-

tant for dorsiflexion of the foot and should not be entirely sacri-

ficed. Muscle function is generally preserved when raised as a

bipedicled flap. Transfer requires detaching dense anterior

tibial connections. One can use muscle-splitting approach

ensuring no residual functional deficit.

Middle third of the leg shares similar flap armamentarium

compared to proximal third with few differences. Common

options in order of preference include proximally based soleus,

medial head of gastrocnemius, lateral head of gastrocnemius,

flexor digitorum longus, tibialis anterior, extensor digitorum

longus, and flexor hallucis longus (FHL). Loss of toe extension

and great toe drop results if entire Extensor Digitorum Longus

(EDL) and Extensor Digitorum Hallucis (EDH) are used; thus,

they should not be the primary flap of choice. Harvest of FHL

may result in weakening of the great toe; so, it would not be

the best choice in athletes or very active patients. EDH and FHL

are mainly useful for lower portions of the middle third and

small defects.

Soft-tissue coverage of the lower third of the leg presents

many challenges to the reconstructive plastic surgeon. Free flap

is generally considered the gold standard for the distal third

reconstruction. Local flaps may be an option but generally have

limited use. Reverse turndown sural artery flap may be a good

option in some patients. It includes the sural nerve and lesser

saphenous vein in the flap (▶ Fig. 42.4, ▶ Fig. 42.5).10 It is

important to avoid compression of the pedicle postoperatively,

as this flap is notorious for local flap necrosis reported to be up

to 21% in some studies. It may also cause a bulge and present

less than desired appearance. It may be wise to delay the flap to

improve its venous drainage and decrease the rate of flap

necrosis. Cross leg flap can be used if free flap is not an option.

Cross leg flap is transferred as fasciocutaneous tissue with

length/width ratio of 3:1 or 4:1. The blood supply can be axial

based on posterior descending subfascial cutaneous branch of

popliteal artery. These flaps are notorious for complications

including 40% local flap necrosis, infection up to 28%, and

potential for significant leg stiffness especially in elderly

patients due to prolonged immobilization. As such this flap is

rarely used.

Table 42.3 Soft-tissue reconstruction of lower extremity

Level of injury Reconstructive options

Thigh STSG (most commonly), flap options: TFL, gracilis,

rectus femoris, vastus lateralis, ALT, biceps muscle

flaps, free flaps

Knee Medial head of gastrocnemius (gold standard),

lateral head of gastrocnemius, reverse ALT

(delayed), free flap

Upper third of

the leg

Medial head of gastrocnemius (gold standard),

lateral head of gastrocnemius, proximally based

soleus, tibialis anterior, free flap, Integra

Middle third of

the leg

Proximally based soleus, medial or lateral head of

gastrocnemius, FDL, EDL, EDH, tibialis anterior, free

flap, Integra

Lower third of

the leg

Free flap, reverse turndown sural artery flap,

dorsalis pedis flap, propeller perforator flaps, cross

leg flaps, Integra

Foot (dorsal) Local flaps (i.e., rotation, transposition, etc.), free

flaps (i.e., radial forearm, TPF + STSG), STSG

Foot (plantar) Free flaps for large wounds, flexor digiti minimi

brevis flap, flexor hallucis longus flap, flexor

digitorum brevis, medial plantar flap

Abbreviations: ALT, anterolateral thigh flap; EDH, Extensor Digitorum

Hallucis; EDL, extensor digitorum longus; FDL, flexor digitorum longus;

STSG, split-thickness skin graft; TFL, tensor fascia lata.

Source: Adapted from Brown D, Borschel G. Lower Extremity

Reconstruction. Michigan Manual of Plastic Surgery:361–365.11

Treatment

423



It is practical to think of the soft-tissue wounds involving the

foot as dorsal defects and plantar defects as the reconstructive

options are different. For dorsal wounds, thin, pliable tissue is

ideal for shoe wear and aesthetics. Skin grafts or local flaps may

be used for small defects such as rotation or transposition flaps.

For larger defects with exposed vital structures (i.e., bare ten-

dons, nerves, vessels, bone), free flaps are generally required.

Some examples of suitable free flaps include radial forearm or

temporoparietal fascia with STSG.11 Latissimus dorsi free flap

may be useful in children. For wounds over the plantar aspect

of the foot, skin grafts can be used if adequate padding is

present and the wound is less than one-third of the weight-

bearing surface. In general, however, skin grafts should be

avoided for larger and more extensive wounds over the plantar

area, as they do not provide durable tissue for weight bearing.

Several local flaps are available and are listed in ▶ Table 42.3.

Free flaps are generally required for large wounds with

exposed tendons, nerves, vessels, or bone. If osteomyelitis is

present, the wound should be treated with aggressive surgical

debridement, IV antibiotics, and flap coverage once the wound

and patient are optimized.11Free flaps should strongly be con-

sidered when the defect is large, dead space is present after

Fig. 42.2 Patient in ▶ Fig. 42.1 after debridement

with violation of joint capsule. (Courtesy of Bruce

A. Mast, MD.)

Fig. 42.3 Patient in ▶ Fig. 42.1 and ▶ Fig. 42.2:

medial gastrocnemius flap inset and fascial

scored/cross hatched to extend surface area for

inset. (Courtesy of Bruce A. Mast, MD.)
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debridements, local flaps have failed or damaged, the defect is

in the distal third with hardware or bone exposure, and sacri-

fice of local tissues is not desirable. Some of the workhorse

flaps include latissimus dorsi, rectus abdominis, gracilis, ante-

rolateral thigh perforator flap (▶ Fig. 42.6, ▶ Fig. 42.7), and

radial forearm fasciocutaneous flap. When it comes to lower

extremity microsurgery, few points are important to empha-

size: (1) perform your anastomosis outside of the zone of

injury, (2) consider performing end-to-side arterial anastomosis

to preserve flow to the distal extremity especially if there is less

than three-vessel runoff present.12

42.4.4 Chronic Wounds of the Lower
Extremity

Chronic wounds of the lower extremity, a well-known condi-

tion with high prevalence, high cost, and poor clinical outcome,

are often managed by a nonintegrated health care system.

These wounds are often difficult to treat because of poor pa-

tient compliance, poor control of underlying disease process,

tobacco use, cost of supplies and care, associated medical

comorbidities, and patient factors preventing proper wound

healing. Etiologic factors for these types of wounds include, but

are not limited to, diabetes, vascular insufficiency, venous stasis

disease, lymphedema, osteomyelitis, cancer, radiation, and vas-

culitis. Initial patient evaluation should include history inquir-

ing about onset, duration, location, and pain associated with

the wound. Associated comorbidities such as diabetes or vascu-

lar disease should be determined. Ambulatory status, shoe

wear, history of prior trauma, prior ulcers, and any prior treat-

ment should be assessed. On physical exam, location, size, and

depth of the wound should be noted. Pulses in the foot and sen-

sory examination must be performed. The clinician should also

look for signs of hemosiderin deposition, edema, skin tempera-

Fig. 42.4 (a) Patient with nonhealing lateral leg

wound with exposed distal fibula. (b) Reversal

sural artery flap dissected and ready for transfer.

The view is of the posterior leg with the posterior

edge of the wound visible at the distal right leg.

Fig. 42.5 (a) Flap inset seen distal right. The skin

graft in the proximal leg is at the donor site and

the graft distally is the portion of the pedicle that

could not be closed over with the leg skin.

(b) Healed wound 3.5 months after surgery.
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ture, and ankle/brachial index assessment. Next, condition-

directed studies should be ordered which may include

radiographs, CT angiogram (if concern of poor inflow is present),

culture and sensitivities, and possible biopsy. When a chronic

ulcerating ulcer is present, suspicion should be high for Marjo-

lin’s ulcer and low threshold should exist for tissue biopsy.

Goals of treatment depend on specific etiology of the wound;

however, generally the goals should be complete healing of the

ulcer, return to ambulatory status, and prevention of recur-

rence. Diabetic ulcers are usually associated with the presence

of peripheral neuropathy which according to studies is present

in greater than 40% incidence after 20 years of diabetes. Physical

exam generally reveals decreased foot sensation easily assessed

with 5.07 Semmes-Weinstein filament. Surgical treatment

requires thorough and potentially repeated debridement of all

nonviable infected tissue and removing all of the excess callus.

Debridement of infected bone is a must if osteomyelitis is

present. When a chronic wound has visible or palpable bone,

there is 85% chance of osteomyelitis. Unfortunately, skin grafts

and flaps have limited success in diabetic wound reconstruc-

tion, as there is a very high rate of recurrence if peripheral

neuropathy and poor glucose control are present.

Arterial ulcers appear “punched out” and are painful. The pa-

tient usually has a history consistent with claudication and/or

rest pain. Popliteal and foot pulses are generally either dimin-

ished or absent. Extremities can be cool with cyanosis and

shiny hairless skin. Smoking history is often present. Transcuta-

neous O2, duplex ultrasonography, MRA, or arteriogram will

likely confirm the diagnosis in majority of cases. These patients

require revascularization by a vascular surgeon prior to any

attempts at reconstruction. Moreover, if patient continues to

smoke after revascularization and flap coverage, he or she is

likely to have recurrent vascular occlusion and flap failure

necessitating amputation.

Venous ulcers caused by venous stasis disease may be the

most prevalent out of chronic leg wounds. Chronic edema, vari-

cosities, and brownish discoloration of the skin from hemosi-

derin deposition with “wood-like” feel to the leg typically

characterize these patients. The patient may report a history of

deep venous thrombosis. The ulcers are generally located in the

“gaiter region” between the malleoli and gastrocnemius mus-

culotendinous junction. Medical management with Unna boot,

leg elevation, and compression is only moderately effective. It is

important to note that unless venous insufficiency is properly

addressed and corrected, the ulcer will reoccur despite the best

medical management, skin grafting, or flap coverage. Varicose

vein stripping and great saphenous vein stripping have been

tried with various success. Currently, vascular centers exist with

specialized ultrasounds that can determine if insufficiency is

mainly present in the deep, superficial, or perforating venous

Fig. 42.6 Patient with Gustilo grade IIIB distal

third open tibial fracture with exposed hardware.

Fig. 42.7 Patient from ▶ Fig. 42.1 underwent

reconstruction with a free anterolateral thigh

flap. The photograph demonstrates 3 months

postoperative result.
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system, thus allowing the surgeon for a more targeted ablation

during operative intervention.

Extremities with lymphedema present with massively swol-

len leg and decreased skin blood flow. Medical management

includes lymph-press pumps and leg wrapping techniques.

Excising to fascia and skin grafting has been tried with some

success. Lymphovenous bypass and vascularized lymph node

transfers are being done in some centers with some promise.

Wounds from osteomyelitis usually present with chronic

draining sinus tract that fails to close despite appropriate local

wound care. History of prior traumatic event, fracture, or hard-

ware placement is common. MRI, cultures, and aggressive

debridement of infected bone with culture-directed intrave-

nous antibiotics are necessary for proper treatment. Once full

debridement has been performed, appropriate reconstruction

with a vascularized tissue flap is performed.

When patients have history of radiation, there is generally

damaged vascularity to the affected area which can be pre-

treated with hyperbaric oxygen to stimulate angiogenesis at the

wound periphery. These wounds usually require aggressive

resection of irradiated tissue and free flap reconstruction as

local flaps are frequently ineffective because they are within

the zone of radiation injury.13

42.5 Postoperative Care and
Outcomes
Postoperative care depends on the type of wound and recon-

struction performed. For example, if an STSG is placed, gener-

ally at least 1 week of immobilization with some type of

compressive bolster or negative pressure wound therapy is

required to improve the chances of graft take. If a local or

pedicled flap was performed (i.e., gastrocnemius), a knee brace

immobilizer should be worn for a least several weeks postoper-

atively with extremity elevation.

Postoperatively after lower extremity free flap reconstruc-

tion, it is important to keep the leg immobilized and elevated to

establish sufficient venous drainage of the flap. Immobilization

and dangling protocols vary, with the commonality of gradually

dependence and weight bearing as orthopedically appropriate.

The author’s protocol is that the affected extremity should be

immobilized and elevated for at least 10 days postoperatively

and dangling should begin with gradual progression starting at

about 5minutes twice a day until at least 30minutes of dan-

gling 5 times per day are well tolerated. It is also important to

look at the flap after each dangling session, and if any signs of

venous congestion develop, dangling progression should be

postponed until the flap is better acclimated. It is in the

author’s opinion that tight circumferential Kerlix or ace wrap-

ping should be avoided in first several weeks postoperatively, as

this can constrict the flap vascular supply, and potentially result

in flap failure if done incorrectly. If the patient is reliable, out-

patient dangling can be considered. It may take up to 2 months

until full weight bearing status is achieved depending on the

presence of fractures, severity of initial injury, and other

factors.

The time-consuming and costly nature of the “expensive”

and sophisticated reconstructive procedures versus straightfor-

ward amputation cannot be ignored. Although the exact cost of

leg salvage is difficult to determine, even in high-risk groups

such as diabetic patients, salvage may be less expensive than

the combined cost of hospitalization, prosthesis fitting, rehabili-

tation, and disability payments.14

Timing of ambulation is controversial; however, surgeons

should recognize that the lower extremity lymphatic system is

damaged or at least insufficient in the early postoperative period.

The reconstructed tissue, particularly with free tissue transfers,

has a tendency to become very edematous early. If the edema is

not controlled with strict elevation and measured compression,

fibrosis can occur and lead to a fixed contour deformity.12 Solta-

nian et al recommended that soft-tissue flaps in the lower

extremity undergo a 2-month gradual accommodation period of

allowing incremental time of the extremity in a dependent posi-

tion.12 More extensive reconstructions may require lifelong com-

pression support when the patient has to keep his or her leg in a

dependent position for an extended period.

Ideally, the patient suffering from a difficult lower extremity

wound will experience stable healing with restoration of ad-

equate function and satisfactory appearance. However, this is

not always the case. Complications may intervene, some of

which may be insurmountable. Amputation is the last resort,

although in the circumstance of intractable pain, even this

alternative may be unsatisfactory. Informing the patient of a

realistic likely outcome, particularly if that outcome promises

poor function, makes the decision for amputation easier.15

In conclusion, lower extremity reconstruction presents a

challenge to a plastic surgeon that has to be addressed in a

practical manner with regard to the mechanism of injury,

patient’s comorbidities, wound chronicity, and nutrition. Multi-

disciplinary approach is required for proper management of

these complex patients.

42.6 Review Questions

42.6.1 True or False

1. Lower extremity amputation in a trauma adult

patient should be considered if a complete disruption of

posterior tibial nerve is present with concomitant crush

injury.

2. Chronic lower extremity wounds resulting from venous

insufficiency reconstructed with a skin graft or a flap

generally produce good outcomes even without properly

treating the underlying etiology.

3. Lower extremity amputation is always more cost-effective

than reconstruction.

42.6.2 Choose the Best Answer

4. A 25-year-old healthy male 3 months after a motor vehicle

accident presents to your clinic with a large, 10 cm×15 cm

wound with exposed bone, osteomyelitis, and hardware

exposure involving the distal third of the right leg. On

physical exam, his foot is sensate and well perfused. Which

of the following management strategies would most likely

result in stable wound coverage and optimum functional

result?

a) Debridement, pedicled proximally based soleus muscle

flap and IV antibiotic therapy.

Review Questions
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b) Removal of hardware, debridement, free latissimus dorsi

muscle flap with STSG and IV antibiotic therapy.

c) Removal of hardware, debridement, pedicle medial gast-

rocnemius flap, and IV antibiotic therapy.

d) Amputation.

5. A 50-year-old female presents with a 5 cm×4 cmwound on

the anterior lateral aspect of her thigh just above the knee 1

week after a boating accident. On physical exam, the wound

looks clean with healthy granulation bed over the exposed

muscle bellies. Which of the following would be an

acceptable method of reconstruction?

a) Negative pressure therapy followed by Integra and STSG.

b) Free rectus abdominus myocutaneous flap.

c) Pedicled gracilis muscle flap with STSG.

d) Reverse sural artery flap.

42.6.3 Answers

1. True.

2. False.

3. False.

4. c. Removal of hardware, debridement, pedicle medial

gastrocnemius flap and IV antibiotic therapy.

5. a. Negative pressure therapy followed by Integra and STSG.
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43 Liposuction
Julian Winocour, John Layliev, Han Shi, Varun Gupta, and Kent K. Higdon

Abstract

This chapter covers the pertinent considerations involved in this

common surgical procedure for the localized or regional (abdo-

men, flanks, back, buttocks, lower extremity, upper extremity,

neck, axilla, breasts) removal of fat. It is a management tool for

the purpose of body contouring, not for the management of obe-

sity. Case examples for the most common liposuction sites are

included. The ideal candidate is described, as well as contraindi-

cations for surgery. The four primary treatment options (suction-

assisted, power-assisted, ultrasound-assisted, laser-assisted) are

discussed, and each technique employed in the operation is cited

to guide the surgeon through the procedure. Seasoned advice on

postoperative care and several paragraphs on potential outcomes

conclude the study.

Keywords: suction-assisted, power-assisted, ultrasound-assisted,

laser-assisted liposuction, tumescent solution, superwet technique

43.1 Goals and Objectives
● Report the current incidence and trends of liposuction in

North America and worldwide.
● Effectively evaluate patients preoperatively for liposuction.
● Formulate a surgical treatment plan to safely perform

liposuction.
● Understand the differences among the various types of

anesthesia and wetting solutions involved in liposuction.
● Institute appropriate perioperative care to maximize patient

safety and surgical outcomes.
● Diagnose postoperative complications (both early and late)

and formulate appropriate treatment plans.

43.2 Patient Presentation
Suction-assisted lipectomy, or liposuction, involves the surgical

aspiration of fat from the subcutaneous space. It involves

removal of localized or regional deposits of adipose tissue for

the purpose of body contouring, but is not a management of

obesity. Liposuction is the most commonly performed aesthetic

surgical procedure in the United States according to the Ameri-

can Society of Aesthetic Plastic Surgery (ASAPS) cosmetic

national database (342,494 procedures performed in 2014).

This represents a 94% increase since the database initiation in

1997.1 According to the International Society of Aesthetic Plas-

tic Surgery (ISAPS), liposuction ranks second behind eyelid sur-

geries in worldwide procedures performed in 2014 (1,372,901

procedures performed).2 Liposuction is being performed

increasingly in combination with other surgical procedures to

enhance outcomes.

Patients who present for body-contouring procedures desire

a reshaping of various regions of their body. Although the trunk

has been classically known as the most popular site for liposuc-

tion, more and more patients are electing to remove excess

adiposity from the upper and lower extremities, breasts/axilla,

hips, and neck regions (▶ Fig. 43.1). Equally, patients must

understand that liposuction is not a weight loss procedure, but

aimed at the reduction of local accumulations of excess fat.3 An

ideal candidate for liposuction is a healthy individual, close to

his or her ideal body weight, with realistic body-image expect-

ations, and motivated to making long-term lifestyle changes.4

Women typically desire to remove excess fat peripherally to

obtain a gynecoid body figure, while men aim to reduce excess

central fat distributions.5

Patient evaluation should begin with a thorough medical and

surgical history and a diligent physical exam. The medical his-

tory should include specific comorbid conditions, blood clotting

disorders, and especially a full medication history (including vi-

tamin supplements, herbal products, and any weight-loss med-

ications). Medications that predispose to bleeding should be

avoided. The surgical history should include any surgeries asso-

ciated with the pertinent body areas in question as well as any

major operations and any previous complications. Knowledge

of previous weight loss and body-contouring procedures are

particularly important. Prevention of venous thromboembolism

is a particular concern of all body-contouring procedures,

including liposuction. A higher rate of venous thromboembo-

lism has been demonstrated in patients with a body mass index

(BMI) greater than 30, patients taking hormone therapy, and

those with a higher Caprini risk assessment. For patients receiv-

ing a general anesthetic, sequential compression devices (SCD)

should be utilized when possible along with proper patient

positioning (allowing maximal lower extremity venous drain-

age) and avoiding external pressure or constriction of the lower

extremities. Preoperative chemoprophylaxis may be warranted

depending on individual patient risk factors, guided by the

venous thromboembolism task force recommendations by the

American society of Plastic Surgeons (ASPS).6,7

Obtaining a weight history is important in order to determine

if a patient has a high risk of gaining weight following liposuc-

tion.4 Candidates within 20% of an ideal body weight ultimately

have the best long-term satisfaction. In general, patients with a

BMI greater than 30 may benefit from lifestyle modifications

before considering most body-contouring procedures.8

During the physical examination, the patient should be com-

pletely disrobed. The patient’s height, weight, BMI, and circum-

ferences of pertinent body regions should be documented.6 The

overall fat distribution should be assessed and gentle pinch

testing should be used to assess the thickness of subcutaneous

fat. The sites of interest should be examined in multiple posi-

tions: standing, sitting, and in the supine position. It is essential

to evaluate the location and degree of adiposity as well as the

laxity of the targeted areas. A comprehensive skin exam is also

crucial to determining a good outcome from surgery. Skin and

dermal quality can be assessed by observation and palpation.

Thick dermis has more retractile strength, which is favorable

for liposuction. Furthermore, elastic skin is favorable compared

with flaccid skin for retraction outcome. A snap-test or pinch of

skin test can be used to assess skin recoil. Individuals with cel-

lulite, dimples, wrinkles, or very loose skin may have less than

ideal results. Individuals with excess skin laxity may require
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skin resection (i.e., abdominoplasty, brachioplasty, thigh plasty,

etc.) as liposuction without adequate skin recoil will result in

loose and folded skin.

Lipodystrophy can be located in the following areas: abdo-

men, flanks, back, buttocks, lower extremity (thighs, knees,

ankles, and calves), upper extremity, neck, axilla, and breasts.

Men who present for abdominal liposuction should be exam-

ined diligently, as abdominal bulging can be attributed to intra-

abdominal fat, which cannot be addressed with liposuction.

The presence of an occult abdominal hernia must be evaluated

and abdominal wall scars should be noted; an abdominal hernia

can be most easily diagnosed in the supine position. Surface

irregularities such as dimpling and cellulite (lipomatous depos-

its) should be noted and demonstrated to the patient, as these

may remain and actually may become more perceptible post-

operatively. Patients should understand that while liposuction

can be used to contour areas, it does not address cellulite. In con-

trast, skin dimpling (typically caused by an underlying fascial

attachment) may be improved with liposuction.6 Furthermore,

patients should be aware of possible persistent asymmetry, dim-

pling, and depressions following liposuction. Ideal patient charac-

teristics for liposuction are listed in ▶Table 43.1 and relative

contraindications are listed in ▶Table 43.2.

43.3 Preparation for Surgery
Healthy patients should have a complete blood count to evalu-

ate preoperative hemoglobin and hematocrit for possible ane-

mia or occult blood loss. Patients who have undergone

significant weight loss operations (bariatric surgery) must be

carefully assessed for nutritional status (serum albumin or

prealbumin), anemia, and vitamin deficiencies contributing to

anemia (vitamin B12 and iron).9 The patient should consult

with their primary care physician for discontinuation of herbal

supplements (vitamin E, St John’s wort, etc.), weight-loss medi-

cations, nonsteroidal anti-inflammatory drugs, aspirin, hor-

mone products (hormone replacement therapy [HRT], oral

contraceptive pill [OCP], etc.), fish oil, and other supplements

for at least 4 to 6 weeks before the procedure date to ensure

normal wound healing and blood clotting and to lower the risk

of thrombosis. Medications that interact with liver metabolism

of lidocaine, one of the main components of tumescent solu-

tion, should also be stopped; these include selective serotonin

reuptake inhibitors (SSRI), erythromycin, ketoconazole, and

other agents.

Fig. 43.1 Demonstrating the problem areas that can be addressed with liposuction. ©American Society of Plastic Surgeons 2008.

Table 43.1 Ideal candidate for liposuction

Clinical feature Description

Body type

● Stable weight
● BMI < 30 (not obese)
● Aspirate volume appropriate with patient body

surface area

Tissue content

● Less fibrous content (easier penetration by

cannula)
● Few previous scars, absence of hernias

Excess tissue ● Minimal skin excess and laxity

Symmetry ● Minimal contour irregularities

Other features

● Commitment to making healthy changes in diet,

exercise, lifestyle
● Specifically, patients who eat a healthy diet and

exercise regularly are 1.5–2 times more likely to

lose weight, resulting in long-term satisfaction

Source: Data from Iverson and Pao6; Rohrich et al28; Shiffman M, ed.

Cosmetic Surgery Art and Techniques. Berlin: Springer; 2013; Halperin

B. Patient safety in plastic surgery. In: Neligan P, ed. Plastic Surgery. 3rd

ed. London: Elsevier Saunders; 2013.

Preparation for Surgery
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Smoking increases the risk for postoperative complications

because of tobacco’s primary effects on vasoconstriction and

decreased wound healing capacity. The authors agree with the

Centers for Disease Control and Prevention (CDC) recommenda-

tions of smoking cessation 30 days prior to surgery.

For higher risk individuals and patients in an inpatient set-

ting, assessing coagulation profiles (PT/PTT), a comprehensive

metabolic panel (CMP), HIV serology, and a hepatitis viral panel

should be considered. An ECG and an echocardiogram should

be obtained for individuals with pertinent cardiovascular his-

tory. Abnormalities should be cleared by the respective medical

specialists prior to consideration of any elective surgery.

43.4 Treatment
Several options exist for liposuction procedures10:

1. Suction-assisted liposuction (SAL).

2. Power-assisted liposuction (PAL).

3. Ultrasound-assisted liposuction (UAL).

4. Laser-assisted liposuction (LAL).

Suction-assisted lipoplasty uses an external source of suction to

facilitate fatty tissue removal.6 In power-assisted lipoplasty, the

system driving the cannula is an electrically or gas-driven

power source; a motor moves the cannula tip in a forward and

backward motion reducing physician fatigue.6 This is effective

for large-volume fat removal, fibrous areas, and revision proce-

dures. Syringe aspiration of fat is effective for sensitive and

smaller volume areas such as the neck. Ultrasound-assisted lip-

osuction uses a cannula to deliver ultrasound subcutaneously to

liquefy fat.6 This facilitates removal of fat from fibrous areas

such as the upper abdomen and back, especially during secon-

dary or revision procedures. Thermal injury is a risk during this

technique but can be avoided by keeping the cannula in con-

stant motion and by using tumescent solution as this cools the

heat generated in the process. Additionally, the ultrasound

should be used in a time-limited manner, usually at about

1minute per 100mL of tumescent solution instilled. Laser-

assisted liposuction is designed to achieve skin tightening from

the thermal effect of laser on the dermis through selective pho-

tothermolysis of fat and water chromophores.11 There are cur-

rently no randomized controlled studies reporting laser-

assisted liposuction to have significant clinical advantages over

“traditional” suction-assisted liposuction.11

The indications for liposuction surgical treatment fall broadly

under several categories:

1. “Isolated procedure” cosmetic contouring (most common

indication, ▶ Fig. 43.2).

2. Adjuncts to other cosmetic surgical procedures

(abdominoplasty, body lift, breast reduction, breast

augmentation, weight loss skin removal surgeries to debulk

adipose tissue content).12

a) Liposuction can be used on abdomen and flanks in combi-

nation with full and mini-abdominoplasties after tissue

dissection and resection.

3. Treatment for specific medical disorders.

a) Gynecomastia—often requires additional resection of glan-

dular tissue.

b) Buffalo hump—reducing uncomfortable fat deposits on

back.

c) Lipomatosis syndromes.

d) Other—lipodystrophy from HIV, etc.

43.5 Surgical Preparation
Preoperative markings are done in the standing position. Zones

of facial adherence are noted and to be avoided. Multiple access

incisions are used for cannula placement and may be placed in

natural skin folds. This often provides easier access and greater

safety, especially for transition areas such as the costal margin

where injury to intrathoracic/abdominal structures are at

greater risk. A thorough operative record is maintained during

the procedure to document the volume of subcutaneous tumes-

cent infiltration and the volume of aspiration at each body area

of liposuction.

Assessment and reduction of perioperative morbidity is crit-

ical and, thus, it is important to note the American Society of

Anesthesiologists (ASA) classification for the given patient. Class

I and II ASA patients who are healthy or have mild/stable illness,

respectively, can be managed as outpatient procedures if the

estimated liposuction aspirations are less than 5,000mL

(▶Table 43.3). Mortality and morbidity rate increases with

more invasive liposuction procedures and an inpatient setting

may be considered for ASA class III patients, procedures with an

estimated liposuction aspiration more than 5,000mL, estimated

Table 43.2 Contraindications to liposuction

Clinical feature Description

Morbid obesity

● Liposuction is not a weight-loss surgery
● Patients with BMI > 30 will benefit from

counseling, nutrition education, and lifestyle

modification prior to body contouring
● More likely to suffer from sleep apnea;

increased risk for complications

Not surgical

candidate

● Medical comorbidities (including severe

cardiovascular disease, sleep apnea, etc.)
● History of VTE or predisposition (chronic

venous insufficiency, family history, severe

infection, polycythemia, malignancy,

homocystinemia, pelvic or lower extremity

radiation, HRT/OCP—not an absolute

consideration)
● Hypercoagulable conditions (e.g., factor V

Leiden mutation) must be controlled with

thromboprophylaxis
● Pregnancy

Medications
● Specifically those that affect wound healing

or blood clotting

Psychiatric

● Mood disorders, thought disorders, severe

anxiety, depression, body dysmorphic

disorder

Skin conditions and

wound healing

problems

● Conditions of skin or subcutaneous tissue

that make liposuction hazardous
● Poor scarring and dehiscence possible

Other features ● Unrealistic expectations

Abbreviations: BMI, body mass index; HRT, hormone replacement

therapy; OCP, oral contraceptive pill; VTE, venous thromboembolism.

Source: Data from Data from Iverson and Pao6; Halperin B. Patient

safety in plastic surgery. In: Neligan P, ed. Plastic Surgery. 3rd ed.

London: Elsevier Saunders; 2013; Kenkel J, Stephan P. Liposuction: a

comprehensive review of techniques and safety. In: Warren R, Neligan P,

eds. Plastic Surgery: Volume 2: Aesthetic Surgery; 2012:507–529
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blood loss more than 500mL, or duration of surgery more than

2 hours.6,13,14,15,16,17

Various types of anesthesia are appropriate for liposuction

depending on overall patient health and estimated volume of

fat to be aspirated. In smaller volume liposuction aspiration

cases, anesthetic infiltrate solutions alone may be sufficient to

provide adequate pain control during the procedure. This is

sometimes combined with a field block performed prior to

tumescent infiltration. Several factors allow for increased lido-

caine administration over traditional limits. The risk of systemic

toxicity from the lidocaine and epinephrine solution is dramati-

cally decreased due to numerous factors including the slow

absorption of the infiltrate from fat, the vasoconstriction effect

of epinephrine, and because a significant amount of the

solution is aspirated. Lidocaine doses up to 35mg/kg have been

generally considered safe to use for solutions containing epi-

nephrine injected into subcutaneous fat; however, doses as high

as 55mg/kg have been described.6,18,19,20 In patients with low

protein states or medical conditions leading to accumulation of

lidocaine metabolic byproducts, the maximum lidocaine doses

should be reconsidered. It is important to recognize and be cog-

nizant of the signs of lidocaine toxicity, which can vary from

lightheadedness, tinnitus and a metallic taste in the mouth to

tremors, convulsions, respiratory depression, and even cardiac

arrest.6 Doses of epinephrine should not exceed 0.07mg/kg,

although higher doses have been used safely.6 Staging the infil-

tration of multiple anatomical sites can equally reduce the risk

of excess epinephrine. Although it is highly unlikely that lipo-

suction would be done in patients who have hyperthyroidism,

severe hypertension, cardiac disease, peripheral vascular dis-

ease, or a pheochromocytoma, epinephrine should be avoided

when such conditions exist.6 Intravenous sedation can be used

in limited smaller volume liposuction cases to maintain patient

comfort. General anesthesia is typically required for larger vol-

ume liposuction procedures.

Anxiolysis if needed can be maintained with preoperative

oral diazepam or lorazepam; less effective are opioids and nar-

cotics. Antihistamines like hydroxyzine can also be used to add

sedation and to reduce nausea and pruritus. Finally, as dis-

cussed previously, preoperative chemoprophylaxis (either low-

molecular-weight heparin or unfractionated heparin) can be

used for venous thromboembolism prophylaxis for high-risk

patients along with standard lower extremity compression

devices.

Multiple techniques of liposuction fluid administration exist

and have evolved over time. The dry technique involves lipo-

suction without subcutaneous solution infiltration. This has

been abandoned because of substantial swelling, discoloration,

and blood loss, with suction aspirates containing 20 to 45%

blood.8 In the wet technique, 200 to 300mL of infiltrate is

injected per body area before insertion of the liposuction can-

nula; this reduces blood loss up to 4 to 30% of the aspirate.8 In

the superwet technique, 1mL of solution is injected for each

1mL total aspirate to be removed; this reduces blood loss to less

Fig. 43.2 A 28-year-old woman with isolated lipodystrophy to the submental area. Photographs demonstrating (a-c) preoperative and

(d-f) postoperative of isolated liposuction to the submental area.

Table 43.3 American Society of Anesthesiologists Classification

ASA Description

I Healthy patient, no medical problems

II Mild systemic disease

III Severe systemic disease, but not incapacitating

IV Severe systemic disease that is a constant threat to life

V
Moribund, not expected to live 24 h, irrespective of

operation

VI Donor patient for organ harvesting

Abbreviation: ASA, American Society of Anesthesiology.

Surgical Preparation
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than 1% of the aspirate volume. In the tumescent technique, 3

to 4mL of infiltrate is infused for each planned 1mL of aspirate;

blood loss in this technique is also estimated to be less than 1%

of the aspirate volume.8 After wetting solution injection in the

tumescent technique, the skin should feel firm and indurated

indicating complete infusion (▶ Fig. 43.3). Large-volume lipo-

suction, defined as a total aspirate of 5,000mL or greater, can

be safe for selected patients and with appropriate intraopera-

tive fluid balance. Overnight observation is recommended after

large-volume liposuction.21 Liposuction fluid resuscitation

guidelines are outlined in ▶ Table 43.4.

43.5.1 Operative Technique

Following infiltration of tumescent solution, 10 to 20minutes is

allotted to allow for the full effect of vasoconstriction prior to

liposuction. The same access points used for tumescence are

typically used for liposuction. During liposuction, a blunt-ended

hollow cannula is used to tunnel under the skin and aspirate

fatty tissue. The diameter of the tip typically ranges from 2 to

5mm and is driven backward and forward manually in SAL or

with a motor in PAL. The cannula is first inserted vertically into

the incision site, and then readjusted to the orthogonal plane

(the coronal plane for abdominal liposuction). The key to safe

and adequate aspiration with the cannula is tunneling in an

appropriate plane, just deep to the superficial fascia. The

operating surgeon should at all moments know the exact loca-

tion of the cannula to ensure safe technique. This is facilitated

by the nondominant hand that can be used to push down and

apply gentle pressure to the skin above the deep plane to guide

the cannula. Care must be taken not to compress the tissue

when lifting skin and subcutaneous tissue with the cannula;

skin pinching to assess for asymmetry and lumps is appropri-

ate. Linear and rhythmic strokes should be made in fan-like

distribution that circumferentially removes the fat consis-

tently and evenly in the marked out area. Tunneling should

be done in the mid-fat and deep-fat planes to ensure even

adipose removal (▶ Fig. 43.4). Major lymphatic, nerve, and

blood vessels should be avoided; tunneling parallel to the

longitudinal axis of the body (e.g., avoiding epifascial lymph

vessels in lower extremity) has been shown to reduce the

risk of vessel damage.22,23

Liposuctioned fat is emulsified and oily, and can be preserved

for autologous fat transfer.24 Incisions can be closed with 5–0

nylon sutures (or fast absorbing suture) or can be left open for

drainage if greater than 2,000mL of lipoaspirate was removed

in total.

43.5.2 Postoperative Care

Following closure of incisions, a compression garment or binder

should be applied in order to reduce bruising and excess

edema. Compression foam can also be used. Compression gar-

ments should be worn for 4 to 6 weeks to decrease the postope-

rative seroma rate. Reduction in edema also maximizes skin

recoil and redraping. Outpatient follow-up typically is at 5 days

to remove sutures, and 2 weeks, 6 weeks, and at 3 months to

assess bruising, edema, and outcome. At the 6-month visit,

most, if not all, of the edema should have subsided.

Patients are informed to ambulate on the day of surgery.

Physical activity should be limited during the first week but

gradually increased with light exercise in the second, third, and

fourth weeks. After 1 month, the patient’s physical activity can

return to baseline. Postoperative pain is typically controlled

with acetaminophen; codeine, tramadol, or other oral narcotics

Fig. 43.3 Demonstration of infiltration of tumescent fluid with

multiple controlled passes in the orthogonal plane.

Fig. 43.4 Demonstration of liposuction of medial thigh with counter

pressure from nondominant hand. Fanning markings from entry site

drawn out.

Table 43.4 Liposuction fluid resuscitation guidelines2,2

Small-volume aspirations

(< 5 L)

Large-volume aspirations

(> 5 L)

Maintenance fluida

Subcutaneous infiltrateb
Maintenance fluida

Subcutaneous infiltrateb

0.25mL of intravenous crystalloid

per mL of aspirate > 5 L

aAmount of fluid to be replaced from preoperative, nothing by mouth

status.
b70% is presumed to become intravascular.

Body Contouring
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can be added if needed for breakthrough pain. To reduce the

risk of infection, patients are asked to not shower or bathe until

after 48 hours following surgery. Postoperative antibiotics are

typically not used.

43.6 Outcomes
The most common postoperative adverse sequelae of liposuc-

tion are contour deformities. These can be considered complica-

tions if they persist over 6 months.6 Because contour

deformities may be secondary to postoperative swelling and

skin elasticity, they may be treated conservatively for 6 months;

treatments generally involve manual lymphatic massage.6 For

areas of excess fat removal or insufficient fat removal, secon-

dary liposuction, fat grafting, or dermolipectomy can be consid-

ered. Maintaining a tunneling depth more than 1 cm from the

skin is the best way to avoid skin grooving and depressions

from excessive fat suctioning.25 Sites of inadequate skin retrac-

tion may require secondary skin resection.

The largest published database (CosmetAssure database)

looking at major complications (defined as requiring emer-

gency department visit, admission to hospital, or take back to

the operating room) following liposuction reports the most

common major complications as infection (0.7%), hematoma

(0.6%), and thromboembolism (0.6%).26 The incidence of signifi-

cant complications was 0.7% with liposuction alone, 3.8% when

combined with abdominoplasty, and 12% when combined with

abdominoplasty, breast, and another body-contouring proce-

dure.2,6 Infections are three times more likely to occur in an

inpatient environment and needs to be quickly identified to

prevent necrotizing fasciitis and toxic shock syndrome.25

Patients with a higher BMI have been found to have a higher

risk of developing postoperative seromas.6 Suggestions for

decreasing the incidence of seromas include expressing any

remaining fluid before closure, using a single suture to close

access incisions, applying a compression garment, and early

ambulation.6 Simple aspiration is the most common treatment

for a seroma.

Although quite rare with the proper use of dilute local anes-

thetic solutions, postoperative lidocaine toxicity must also be

recognized. Early postoperative recovery characterized by dizzi-

ness, restlessness, tinnitus, mouth numbness, or a metallic taste

may be early signs of toxicity (plasma concentration 3–6µg/

mL).27 Later side effects can include muscle twitching, tremors

that can lead to convulsions, CNS depression, and coma.

Most patients are satisfied following liposuction. The most

common postoperative complaints are pain, fat return, and

weight gain.22 Eating a healthy diet and exercising regularly

were found to be the main factors reducing unwanted postope-

rative weight gain and ultimately dissatisfaction.28

43.7 Case Examples of Common
Liposuction Sites

43.7.1 Trunk and Thighs

A 25-year-old woman with lipodystrophy of her abdomen,

flanks, anterior/lateral/medial thighs, and medial knees. Stand-

ard SAL was performed on flanks/thighs/knees, UAL was

performed on abdomen. Superwet infiltration technique was

performed with 2,375mL removed in total (▶ Fig. 43.5;

▶ Fig. 43.6).

Fig. 43.5 Topographic markings of liposuction of abdomen, flanks, anterior/lateral/medial thighs, and medial knees.

Case Examples of Common Liposuction Sites
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43.7.2 Trunk

A 41-year-old woman with localized lipodystrophy of her abdo-

men/flanks. Standard SAL was performed. Superwet infiltration

technique was performed with 2,900mL removed in total

(▶ Fig. 43.7; ▶ Fig. 43.8).

43.7.3 Ankles, Calves Liposuction

Patients undergoing lower leg liposuction require specific con-

sideration and experience. Patients’ satisfaction in this area is

historically lower due to the difficulty in appreciation of the

areas of adiposity. Equally prolonged postoperative pain can be

seen (▶ Fig. 43.9).

43.7.4 Gynecomastia

A 38-year-old man with gynecomastia (glandular and fat). UAL

was performed. Superwet infiltration technique was performed

with a total aspiration volume of 800mL (▶ Fig. 43.10).

43.7.5 Upper Extremity (Arms)

A 31-year-old woman with lipodystrophy of upper arms. Standard

SAL was performed. Superwet infiltration technique was per-

formed with greater than 1,000mL removed in total (▶Fig. 43.11).

43.7.6 Submental

A 41-year-old woman with localized lipodystrophy of her neck.

Standard SAL was performed. Superwet infiltration technique

was performed with 60mL removed in total (▶ Fig. 43.12).

Fig. 43.6 Demonstrating preoperative (upper) and 1 year postoperative (lower) photographs.

Body Contouring
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Fig. 43.7 Topographic markings of liposuction of

anterior abdomen, flanks, and lower back.

Fig. 43.8 Preoperative (upper) and 6 weeks postoperative (lower) photographs.

Case Examples of Common Liposuction Sites
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Fig. 43.9 Preoperative (upper) and postoperative (lower) results of a 48-year-old woman with isolated adiposity of the lower legs. Isolated ankle/calf

liposuction performed.

Body Contouring

438



Fig. 43.10 Preoperative (upper) and 3 months postoperative (lower) photographs of a 38-year-old male patient undergoing liposuction treatment

without direct glandular resection for prominent gynecomastia.

Case Examples of Common Liposuction Sites
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Fig. 43.11 Arm liposuction. Demonstrating anterior (upper

photographs) and posterior (lower photographs) preoperative and 6

months postoperative from liposuction to the arms without skin

resection.

Fig. 43.12 Preoperative (upper) and postoperative (lower) photographs of isolated liposuction to the submental area.
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43.8 Review Questions
1. A healthy 45-year-old woman is scheduled to undergo

suction lipectomy of the abdomen and flanks using the

superwet technique. When injected into subcutaneous fat

with epinephrine, which of the following is the maximum

recommended dose of lidocaine?

a) 7mg/kg.

b) 28mg/kg

c) 35mg/kg.

d) 14mg/kg.

e) 21mg/kg.

2. When performing liposuction using a tumescent technique,

the ratio of infiltrate:aspirate is closest to which of the

following?

a) 2:1.

b) 1:2.

c) 1:3.

d) 1:1.

e) 3:1.

3. When performing suction lipectomy using the superwet

technique, the amount of blood loss in the suction aspirate is

closest to which of the following?

a) 20%.

b) 40%.

c) 1%.

d) 30%.

e) 10%.

4. A 45-year-old man who has achieved substantial weight loss

from massive obesity is scheduled to undergo belt lipectomy

for circumferential truncal excess. Which of the following is

the most likely postoperative complication?

a) Deep venous thrombosis.

b) Contour irregularities.

c) Skin necrosis.

d) Dehiscence.

e) Infection.

5. Compared with traditional suction lipectomy, which of the

following is more likely to occur with ultrasonic-assisted

suction lipectomy?

a) Contour irregularity.

b) Major blood loss.

c) Nerve injury.

d) Pulmonary edema.

e) Thermal burns.

43.8.1 Answers

1. c. 35mg/kg.

2. e. 3:1.

3. c. 1%.

4. b. Contour irregularities.

5. e. Thermal burns.
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44 Abdominoplasty
Bruce A. Mast

Abstract

This chapter looks at the various ways of correcting contour

irregularities of the abdominal wall. Matters to be determined

in the presurgical exam (degree/extent of adiposity, redundant

skin, laxity of musculofascial units, etc.) are reviewed, and sur-

gical options for every finding are discussed. Treatment options

fall under two broad categories: complete/full abdominoplasty

and mini-abdominoplasty; liposuction is also an option for con-

touring the upper abdomen and flanks. A thorough discussion

of each major option lays out all techniques, contingencies, and

options. Important information on postoperative care is pro-

vided, along with advice on potential complications.

Keywords: adiposity, full abdominoplasty, mini-abdomino-

plasty, lipoabdominoplasty, chemoprophylaxis

44.1 Goals and Objectives
● Understand the proper evaluation of prospective abdominal

contouring patients.
● Clearly define the indications for the various type of excision

contouring procedures of the abdominal wall.
● Appreciate the technical aspects of addressing each anatomic

component of the abdominal wall required for proper

contouring.
● Know the evidence-based perioperative care to maximize

patient safety and quality outcomes.

44.2 Patient Presentation
Patients with contour irregularities of the abdominal wall

present with varied histories and physical findings. Some

patients have had a massive weight loss from bariatric surgery

or nonsurgical efforts. Others have had more modest weight

loss, while many have had changes of weight and skin quality

related to aging, pregnancy, and surgery. Accordingly, upon ini-

tial presentation, mandatory historical information includes

changes in weight, stability of weight loss, desire for future

pregnancy, history of abdominal surgery, and overall medical

evaluation assessing for comorbidities such as diabetes, coro-

nary disease, and the use of antiplatelet and anticoagulant

medications. Each patient needs to be carefully assessed, and

based on the characteristics of each individual, the proper type

of contouring procedure can be provided.1

The physical assessment must evaluate the component irreg-

ularities of the abdominal wall: (1) degree and extent of adipos-

ity, (2) quantity and location of loose or redundant skin, and (3)

laxity of the musculofascial units.2 Key in the examination is

the determination of abdominal wall hernia or abdominal wall

ports such as those used for gastric banding. Full examination

of the patient’s abdomen is done in several positions: supine,

sitting, standing, and the diving position. This provides a full

appreciation of the degree of excessive soft tissue and the

extent of musculofascial laxity. Careful palpation of the

abdomen in the supine position allows assessment of rectus

diastasis and the superior extent of the diastasis. It further per-

mits detection of abdominal wall hernias. The quantity of excess

tissue is confirmed with the patient supine while downward

traction is asserted to the abdominal skin. This will permit fairly

accurate assessment of the amount of skin to be removed and

whether a full or mini-abdominoplasty would be appropriate.

While standing, general visual inspection provides assessment

of overall contours and areas of disproportionate fat distribu-

tion and skin excess or laxity. The sitting position will help

delineate the extent of excessive or loose soft tissue. The diving,

or waist-flexed, position allows the loose skin to fall away from

the abdominal wall and provide further assessment.

When the affected anatomic components affect the majority

of the abdominal wall including the supraumbilical region, a

full abdominoplasty with or without liposuction is usually

indicated (▶ Table 44.1; ▶ Fig. 44.1). For individuals with more

limited or isolated deformities in the lower abdomen, effective

treatment can be provided by mini-abdominoplasty, with

or without liposuction of the abdominal wall or flank

(▶Table 44.2; ▶ Fig. 44.2; ▶ Fig. 44.3; ▶ Fig. 44.4).3 Mini-

abdominoplasty can provide these patients with excellent cor-

rection of their abdominal deformities with significantly less

morbidity and faster recovery than that which is associated

with a full abdominoplasty.4,5

Mini-abdominoplasty can also offer an understandable com-

promise for the patient who is not an ideal candidate for mini-

abdominoplasty, but is unwilling to put forth the physical or

financial outlay necessitated by the full abdominoplasty.6

Table 44.1 Ideal candidate for full abdominoplasty

Clinical feature Description

Body type Fit, but possibly mildly overweight

Abdominal contour Excessive or disproportionate

upper abdominal bulging

Excess tissue Includes upper abdomen or entire

abdomen

Lipodystrophy Varies, but may involve the entire

abdomen and flanks

Musculofascial laxity Involves supraumbilical abdomen

Incisional/ventral hernia

Rectus diastasis Extends well above umbilicus

Table 44.2 Ideal candidate for mini-abdominoplasty

Clinical feature Description

Body type Overall fit and trim; not obese

Abdominal contour Lower, infraumbilical bulge

Excess tissue Confined to lower abdomen

Lipodystrophy Varies, but mild to moderate

Musculofascial laxity Lower abdomen only

Rectus diastasis No more than 2 cm above

umbilicus
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Fig. 44.1 (a–c) Patient with features best treated with lipoabdominoplasty: skin laxity in upper and lower abdomen, combined with lipodystrophy

throughout.

Fig. 44.2 (a,b) Patient with features best treated

by mini-abdominoplasty: infraumbilical muscular

laxity and mild degree of excess infraumbilical

soft tissue and no lipodystrophy.

Fig. 44.3 (a,b) Patient with features best treated

by mini-abdominoplasty combined with limited

liposuction: infraumbilical muscular laxity and

mild degree of excess infraumbilical soft tissue

and lipodystrophy of the midabdomen and

flanks.

Patient Presentation
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Patients with adiposity without skin laxity or significant muscle

laxity can be treated with liposuction alone and no skin/soft

tissue resection.

44.3 Preparation for Surgery
Diagnostic data in preparation for surgery would be similar for

other elective major procedures and would be dependent on

age, presence of comorbidities, and requirements of the surgical

center in which the procedure will be performed. In general,

the author requires a baseline hemoglobin and hematocrit on

most patients. Massive weight loss patients also have nutri-

tional parameters assessed via serum albumin level. Iron defi-

ciency anemia is not uncommon in gastric bypass patients and

requires correction prior to the surgery. Nongastric bypass

patients with anemia require full workup for occult blood loss.

Hypoproteinemia should be corrected via high protein diets

and subsequent documented correction. Radiographs are not

required unless the procedure is being done in combination

with large hernia repair. In such a case, computed tomography

would be used for assessment of the abdominal wall defect.

Cardiac workup is dependent on patient age, history, and the

facility in which the procedure is being done. In general, if an

electrocardiogram is abnormal, internal medicine or cardiology

clearance is mandatory.

44.4 Treatment

44.4.1 Treatment Options and
Indications

The choices for surgical treatment fall broadly under two cate-

gories:

1. Complete or full abdominoplasty involving infraumbilical

soft tissue resection, complete correction of musculofascial

laxity, and umbilical translocation and inset. Most

abdominoplasty patients fall into this category with laxity

and excess of skin that then extends above the umbilicus and

muscle laxity that is diffuse, combined with a long-length

rectus diastasis. As a general guideline, ptosis of

supraumbilical skin over the umbilicus is indicative of

excessive laxity of the upper abdominal soft tissue that

would not be fully corrected with a standard mini-

abdominoplasty (▶Table 44.1; ▶ Fig. 44.1).

2. Mini-abdominoplasty in which tissue dissection and

resection as well as rectus plication are significantly more

limited to the inferior abdominal wall and the umbilicus is

not translocated. Ideal candidates have loose skin confined to

the infraumbilical abdomen. Diastasis of the rectus is limited

to the infraumbilical region or only 1 or 2 cm superiorly.

Overall muscular tone of the abdomen is good (▶ Fig. 44.2).

3. Liposuction can be added for contouring of the upper

abdomen and flanks. When done cautiously, this can be

combined with both full and mini-abdominoplasties with

safe and reliable results (▶Table 44.2; ▶ Fig. 44.2; ▶ Fig. 44.3;

▶ Fig. 44.4).7

44.4.2 Surgical Preparation

Historically, complete contouring via full abdominoplasties has

been an inpatient procedure. However, outpatient surgery in

properly selected patients has proven to be safe and effective.8,9

Outpatient candidates should have limited or no comorbidities

and as such are designated American Association of Anesthesi-

ology Class I or II. Patients with systemic diseases, such as insu-

lin-dependent diabetes, may categorize as Class III, and such

patients are best treated in the hospital setting. Whether done

as an inpatient or outpatient, effective control of postoperative

nausea is needed. Preoperative medications such as ondanse-

tron (Zofran) and aprepitant (Emend) have proven efficacy.

Continuous mechanical intraoperative prevention via sequen-

tial compression boots is mandated in all abdominoplasty

operations done under general anesthesia. Additionally, chemo-

prophylaxis for thromboembolic complications is advised. The

American Association of Plastic Surgeons provides practice

guidelines that encourage abdominoplasty patients to be

treated with postoperative heparin. Preoperative heparin che-

moprophylaxis continued postoperatively has also been proven

safe and maximizes prophylaxis.

Fig. 44.4 Patient with infraumbilical muscular

laxity, mild excess skin but more substantial

adiposity throughout the entire abdominal wall

and flanks. Best treatment option is aggressive

liposuction of the entire abdomen and flanks,

combined with mini-abdominoplasty.

Body Contouring
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Most abdominoplasty procedures are done under general

anesthesia. Choice of anesthesia is dependent on the individual

patient, as well as the facility in which the surgery will be done.

When combined with liposuction, breast surgery, or another

procedure, the total length of the procedure must be consid-

ered, affecting the selection of anesthetic, but also mandating

consideration of prophylaxis for deep venous thrombosis and

the use of body warming devices. Mini-abdominoplasty can be

performed under intravenous sedation combined with local

anesthetic.10,11,12,13 In the latter technique, bilateral ilioinguinal

nerve blocks are administered combined with direct infiltration

of the incision line with local anesthetic. Tumescent liposuction

solution consisting of 0.01% lidocaine with 1:000,000 epineph-

rine is also infiltrated into the lower abdominal wall in the re-

gion of flap elevation, in addition to the regions to be treated by

liposuction. This augments the anesthetic effect and provides

greater patient comfort.14,15 The use of epidural anesthesia has

been sporadically reported, but the potential complications as

well as possible prolongation of predischarge recovery must be

considered. If the operation to be performed is only a mini-

abdominoplasty, then intravenous sedation combined with

local anesthetic is easily applicable.

As with all body contouring procedures, the patient is

marked preoperatively. Markings are started in the standing

position. The proposed placement of the scar is confirmed with

the patient such that it will be positioned within the panty line

or swimsuit line. The transverse pubic incision is marked in the

region of the superior aspect of the pubic hairline. This mark

should be no higher than 6 to 8 cm above the superior aspect of

the introitus in the midline. If a Pfannenstiel scar is present, the

incision line should be inferior to it so that the associated sub-

cutaneous fibrosis that tethers the skin to the fascia can be

removed. For full abdominoplasty, the incision extends laterally

along the inguinal crease past the anterior superior iliac spine

to the position in which skin redundancy tapers away. The

mini-abdominoplasty incision line is limited by the extent of

tissue excess to be removed. The upper excision line for the full

abdominoplasty begins centrally at the supraumbilical border

and is carried laterally to meet the inferior line toward the

flanks, judging the amount of skin to be removed by downward

transection on the infraumbilical skin. For mini-abdomino-

plasty, the superior incision line is not drawn until the flap is

raised intraoperatively. However, for purposes of planning, the

skin to be excised usually encompasses about one-third to one-

half of the vertical height of the skin between the pubis and the

umbilicus. If liposuction is planned for the upper abdomen,

flanks, iliac crests, or thighs, these areas are also marked while

the patient is standing. At completion, all the markings should

be demonstrated and explained to the patient with confirma-

tion of proposed scar placement. However, it should be stressed

to the patient that the final position of the scar cannot be guar-

anteed, rather best efforts are put forth to place the scar favor-

ably.

44.5 Operative Technique

44.5.1 Full Abdominoplasty

The components of abdominoplasty technique address multiple

key anatomic features for restoration of abdominal shape and

form.16 The procedure is most often done in combination with

upper abdominal and flank/iliac crest liposuction, as well as

shaping of the muscular component of the abdominal wall. The

procedure is most often commenced with liposuction. After

appropriate institution of anesthetic support, cannula insertion

incisions are made in the supraumbilical border and the lower

abdomen, bilaterally within the tissue to be resected. Infiltra-

tion fluid for superwet liposuction need only contain epineph-

rine (1mg epinephrine in 10,000mL of crystalloid solution) if

general anesthesia is used. While awaiting the hemostatic effect

of the solution, the lower abdominal incision is created and car-

ried through Scarpa’s fascia down to the loose areolar plane just

superficial to the anterior rectus sheath and external oblique

fascial aponeuroses. The skin and subcutaneous tissues are then

elevated off the abdominal fascia superiorly and laterally to just

below the level of the umbilicus. Liposuction is then done in the

deep and superficial planes providing effective contouring. Suc-

tion of the upper lateral abdomen can be done aggressively as

long as subsequent soft tissue dissection is done properly with

perforator preservation (see below). This technique is fre-

quently referred to as a lipoabdominoplasty. If an abdominal

wall hernia is present, this must be repaired prior to the lipo-

suction to avoid intestinal injury.

The umbilicus is circumferentially incised when the liposuc-

tion is complete. Dissection around the umbilical stalk is carried

down to the muscle fascia. The abdominal skin/soft tissue flap

is then dissected superior to the umbilicus, leaving the umbili-

cus attached to the abdominal wall. Dissection in the midline is

then carried toward the xiphoid, ceasing when the entire dia-

stasis is visualized or the skin laxity is mobilized. Dissection of

the skin/soft tissue lateral to the midline is limited to the extent

that permits plication of the rectus diastasis and proper tissue

mobilization for contouring. When combined with liposuction,

it is essential that the perforators from the rectus muscle are

maximally preserved during this dissection so as to avoid infe-

rior skin necrosis.

Dissection and retraction of the abdominal skin flap permits

inspection of the musculofascial component of the abdominal

wall and the anatomic cause of laxity that contributes to the

convex external contour. The laxity is corrected by musculofas-

cial plication, providing reconstruction of the correct anatomic

relationships of the abdominal wall musculature. This should

result in parallel alignment of the rectus muscles with a

straight-line juxtaposition at the linea alba. The plication lines

on the anterior rectus sheaths are marked to guide suture

placement. The elliptical or crescent marks come together in

the midline just above the suprapubic incision line and meet

superiorly at the upper aspect of the diastasis (▶ Fig. 44.5;

▶ Fig. 44.6). The author’s preferred method of plication is with

inverted figure-of-eight braided nylon sutures. These perma-

nent soft sutures require few knots, avoiding postoperative pal-

pability, even in the thinnest patients. Alternatively, a running

permanent monofilament suture can be used. Others have

described methods of vertical and transverse plication that may

be applicable when the extent of laxity is not fully corrected by

a standard midline plication.17 If the external obliques are later-

ally displaced in patients with exceptional muscular laxity,

medial advancement of the oblique is done with running 2–0

polypropylene. This further shapes the abdomen and facilitates

creation of a waistline contour (▶ Fig. 44.5; ▶ Fig. 44.6).

Operative Technique
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At the completion of midline muscle plication, bilateral trans-

verse abdominis plane (TAP) blocks are administered. This

places local anesthetic into the plane deep to the internal obli-

que and anesthetizes the sensory innervation to the abdominal

wall. This can be done under ultrasound guidance, limited open

method with an oblique muscle-splitting technique, or a closed

means. The author prefers the closed method in which a

blunted needle is inserted just lateral to the linea semilunaris

marking the junction of the external oblique to the rectus fas-

cia. This is more readily accomplished prior to external oblique

advancement, if needed. The needle is inserted with firm, but

gentle pressure, and a double pop is appreciated as the needle

passes through the fascia of the external and then internal obli-

que and the TAP is accessed. This is done along the entire length

of the abdomen bilaterally with incremental injection of the

local anesthetic. Long duration agents are used, such as bupiva-

caine or ropivacaine in appropriate dosing.18 This can also be

done before or after surgery by the anesthesiologist transcuta-

neously with ultrasound guidance.

Following plication, the excessive skin and subcutaneous

tissue is retracted inferiorly with minimal tension to overlap

the lower incision line. The midline point of overlap with the

transpubic incision is marked and the flap is incised longitudi-

nally in the midline. This point is secured temporarily to the

lower incision line in the midline. This leaves two lateral “trian-

gles” of excess tissue that can be appropriately marked and

excised (▶ Fig. 44.7).

Aggressive skin excision that results in a very tight closure

should be avoided since excessive tension will contribute to

greater discomfort, wound dehiscence, and unfavorable scar-

ring. Also, this will frequently cause gradual superior drift of

the scar and subsequent elongation of the pubic hair domain

superiorly. To avoid these results, skin excision is judged with

the operating table only modestly flexed. It is occasionally

Fig. 44.5 Markings for muscle plication. Centrally

the midline diastasis recti is marked. Crescent

markings bilateral are for external oblique

advancement.

Fig. 44.6 Midline plication of the diastasis recti,

and medial advancement of bilateral external

obliques.

Body Contouring
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necessary to leave a small vertical scar in the midline just at the

junction of the lower transverse scar, corresponding to the orig-

inal umbilical site.

Closed suction drains are often placed, but in select patients

quilting sutures can be used to eliminate dead space with the

added advantage of progressive tension reduction on the skin

closure.19 Prior to closure, the author favors the use of pain

pumps that instill 0.25% bupivacaine without epinephrine for 2

to 3 days.

The position of the umbilicus is marked via direct palpation

with the flap secured in position but prior to skin closure. As a

confirmatory guideline, the proper umbilical position is in the

midline at the level of the iliac crests. An inverted triangle of

skin and underlying fat is then removed at this site. The author

favors this over a circular excision since native umbilici are sel-

dom perfectly circular, and circular insets tend to contract with

time. The umbilicus is inset with an inferior midline absorbable

monofilament that incorporates the abdominal fascia. This

suture pulls the inferior inset closer to the abdominal wall and

provides a downward slope of the umbilicus providing an aes-

thetically pleasing shape. The remaining inset is with absorb-

able monofilament suture and skin glue.

Tissue approximation is done in layers. Scarpa’s fascia, includ-

ing the subcutaneous aponeurosis, is approximated with inter-

rupted absorbable suture. The central, transpubic sutures also

incorporate the abdominal fascia just above the pubis, acting to

stabilize the position of the scar and prevent superior migration

with time. The skin is closed with subdermal absorbable mono-

filament and skin adhesive. The soft tissues surrounding the

suture line are infiltrated with bupivacaine without epineph-

rine to provide postoperative analgesia.

44.5.2 Mini-Abdominoplasty

Mini-abdominoplasty is a procedure in which infraumbilical skin

is excised and the umbilicus is not translocated. The extent of

skin excision varies with individual circumstances and in most

cases liposuction is also done. The procedure is commenced in a

similar manner as when doing a full abdominoplasty. Liposuction

can be done more aggressively to the upper abdomen due to the

limited upper abdominal tissue dissection and disruption of per-

forating blood supply. Additionally, unlike full abdominoplasty,

the infra- and periumbilical regions are usually suctioned. As

such, suction is usually done prior to elevation of the lower

abdominal flap, since this more readily allows the tumescent sol-

ution to remain in place without being adjacent to a large open

surgical site, through which the fluid can easily egress. The entire

upper abdomen extending laterally can be suctioned fairly

aggressively since the abdominal flap will not be elevated much

above the umbilicus, allowing preservation of perforating vessels.

Upon completion of the liposuction, the abdominal incision is

created and the infraumbilical skin and subcutaneous tissues are

elevated off the abdominal fascia similar to a full abdomino-

plasty. The superior extent of mobilization is usually the umbili-

cal base, but may extend a few centimeters above the umbilicus.

If supraumbilical dissection is necessary, the umbilicus remains

attached to the abdominal skin and the muscular wall, and care

must be exercised around the umbilical stalk to avoid devascula-

rization. Lateral mobilization of the flap is continued to about

the level of the anterior axillary line. If the anesthesia being used

is intravenous sedation with local anesthetic, electrocautery

should be avoided in ligation and division of larger perforating

vessels since these often contain sizable sensory nerves. The elec-

trical current is transmitted into these nerves causing severe

pain, despite the rest of the field being completely anesthetic. In

such circumstances, suture ligation and sharp division should be

employed. These procedures will allow sufficient anterior retrac-

tion of the skin unit such that abdominal wall plication can be

done under direct visualization.

Rectus diastasis plication is done as in a full abdominoplasty.

If diastasis extends well above the umbilicus, a superior peri-

umbilical incision can be made with subsequent dissection of

the central supraumbilical skin off the fascia. This will permit

direct visualization for suture plication without full tissue dis-

section in the absence of superior redundant skin. Correction of

the inferior diastasis must be done with care so as to avoid

bulging of the upper abdomen. This area may now have a

relative laxity if the inferior diastasis is corrected aggressively. A

Fig. 44.7 Abdominal skin excision is done via flap

advancement over the lower pubic incision with

temporary fixation in the midline. The remaining

skin bilaterally is then advanced and marked for

excision at the line of overlap with the incision

line. In this photo, the skin from the left side of

the abdominal flap has been excised, and the

triangle of skin to be removed on the right is

noted and marked.
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balance between the upper and lower abdominal wall musculo-

fascial unit must be achieved.

Following plication, the excessive infraumbilical skin and

subcutaneous tissue is retracted inferiorly, marked and excised

in a similar manner as for full abdominoplasty. Aggressive exci-

sion that results in a very tight closure should be avoided. This

could cause gross distortion of the umbilicus as well as unfavor-

able scarring due to tension and lead to superior migration of

the scar as the looser pubic soft tissue is “pulled” upward. To

avoid these results, skin excision is judged with the patient

nearly flat with the operating table barely flexed. Closure is

then done is a manner similar to the full abdominoplasty. In all

cases, the umbilicus will be distorted to some degree, usually

with a slight vertically elongated appearance (▶ Fig. 44.4).

An umbilicus to pubis distance of 9 cm is a good parameter to

use for a “normal” anatomic relationship that provides a pleas-

ing appearance. If this distance is significantly less than 9 cm,

particularly in shorter patients, then translocation to the appro-

priate position through a vertical, elliptical, midline incision

may be necessary. Overall appearance within the parameters of

the patient’s particular body habitus dictates the necessity of

umbilical translocation, and preoperative assessment should

allow counseling to alert the patient to the potential need for

this maneuver and the resultant scar.

44.6 Postoperative Care
An abdominal binder or appropriate liposuction compression

garment is placed after the surgery. For outpatient procedures,

the patient is discharged home after postanesthesia criteria are

met and instructed to leave the dressings and compression in

place until seen for the first postoperative office visit, within 48

hours of the procedure. If surgery is done as an inpatient, dis-

charge from the facility is usually the next morning. Surgical

drains are removed when output is less than 30mL/day for two

consecutive days. Pain pump catheters are removed when

empty, usually within 72 hours. The patient is instructed to

avoid strenuous activities and heavy lifting for at least 1 month

after surgery. After 1 month of healing, the patient is permitted

to gradually resume a workout regimen and is cleared for

all activities as tolerated after 6 weeks of healing. Patients

undergoing complete abdominoplasty can usually return to

office-based work in 2 weeks, and more vigorous occupations

at 3 to 4 weeks. Mini-abdominoplasty patients generally have

about 50% less recovery time in this regard.

Postoperative pain relief is provided in multimodality fash-

ion. The author prefers use of bupivacaine pain pumps placed at

surgery. Narcotic analgesics are necessary with provision of

hydrocodone or oxycodone, supplemented with low-dose

hydromorphone (2–4mg) for breakthrough pain. Additionally,

low-dose diazepam (2mg) is used for muscle spasticity which

often occurs after abdominal wall plication. Postoperative nau-

sea is controlled with promethazine or ondansetron. Meclizine

is most effective at treating postoperative positional nausea.

Postoperative venous thromboembolism prophylaxis should

be continued. If the patient remains within the facility, then

sequential compression boots should remain operational con-

tinuously until discharged. For patients undergoing full abdom-

inoplasty, chemoprophylaxis should be provided with low-

molecular-weight heparin. This can be done as an outpatient

with a home prescription, available through most pharmacies.

The author continues the chemoprophylaxis for 48 hours post-

operatively, during the time of maximum immobilization. Addi-

tionally, urinary catheters, if used during the procedure, are

removed promptly to encourage mobilization.

Careful preoperative counseling is necessary regarding posi-

tion and quality of typical scars. Maximum scar quality is

achieved by avoidance of excessive tension at closure, complete

elimination of ultraviolet radiation (including tanning booths)

for at least 6 months following surgery, and the use of various

scar lotions/gels or silicone patching for scar management.

Occasionally, steroid injections or surgical scar revision is

needed (▶ Fig. 44.8; ▶ Fig. 44.9; ▶ Fig. 44.10).

44.7 Outcomes
As with any significant surgical procedure, complications or

adverse outcomes are inevitable. Similar complications occur

for all abdominal body contouring procedures, but occur with

less frequency in mini-abdominoplasties due to the lesser mag-

nitude of the surgery. Large national database evaluations show

that major complications following abdominoplasty are infre-

quent and certainly acceptable for elective procedures: 0.9%

for hematoma, 3.5% for infection, and 0.3% for deep venous

Fig. 44.8 (a,b) Prior to full lipoabdominoplasty. (c,d) 3.5 months after lipoabdominoplasty.
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thrombosis/pulmonary embolism.20 Seromas occur in approxi-

mately 15% of patients, and appear to have increased incidence

when liposuction of the abdomen or flanks is part of the proce-

dure.21 The use of drains or quilting sutures seems to have little

effect on the overall seroma rate.22,23 Most seromas are treated

by percutaneous aspiration and occasionally new drain place-

ment is required. Interestingly, overall complications rates do

not correlate with years in practice of the operating surgeon.24

Abdominoplasty surgery is the aesthetic procedure most

often associated with thromboembolic complications. Although

the incidence varies in studies, the likely most accurate assess-

ment is an incidence of less than 1%.25 Despite this very low

risk, the complication can be devastating, and as such prophy-

laxis should be maximized. As stated above, chemoprophylaxis

is recommended postoperatively for full abdominoplasty proce-

dures, particularly when done under general anesthetic. Pre-

operative chemoprophylaxis has also been shown to be safe

without increased incidence of hematoma.26

Compared to other aesthetic procedures, abdominoplasties

are associated with higher complication rates. In the analysis of

the CosmetAssure national database, 4.0% of abdominoplasties

had a complication, compared to 1.4% of other aesthetic proce-

dures.27 The study identified risk factors for complications as

being male sex, age 55 years or older, body mass index of 30 or

greater, surgery done in hospital or ambulatory surgery center

rather than an office-based suite, and multiple procedures. An

abdominoplasty without any other procedure had a complication

rate of 3.1%, with combined procedures ranging up to 10.4%.

Nevertheless, in properly selected patients, combining abdominal

contouring with other procedures is considered safe.

Patient satisfaction outcomes are important to evaluate, par-

ticularly in elective, aesthetic procedures. Indeed, objective

assessment has shown that after surgery abdominoplasty

patients have enhanced body image and self-awareness as

demonstrated by improved satisfaction with their overall

appearance, as well as less self-consciousness and avoidance of

body exposure during sexual activities.28 Overall satisfaction is

generally very high with the vast majority of patients stating

they would do it all over again, and would recommend the pro-

cedure to others.29 As with all body contouring procedures, it is

Fig. 44.9 Same patient in ▶ Fig. 44.3,

approximately 4 months after mini-

abdominoplasty and limited midabdominal and

flank liposuction.

Fig. 44.10 (a) Same patient in ▶ Fig. 44.4.

(b) 4 months after mini-abdominoplasty and

abdominal and flank liposuction. Note the

elongation of the umbilicus caused by the inferior

retraction of the skin.
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essential that the patient maintains a healthy lifestyle after sur-

gery to have long-lasting results and satisfaction.30 Patients

need to be reminded of this, since some have reduced dieting

and exercising with the notion that it is no longer needed, since

their “problem” areas have now been taken away. Such patients

are destined for weight gain and disappointment.

Abdominoplasty procedures are highly effective in properly

selected patients providing a high level of satisfaction with

long-lasting results and minimal risk.

44.8 Review Questions

44.8.1 True or False

1. Complete or full abdominoplasty can safely be done as

outpatient surgery.

2. Chemoprophylaxis with heparin is contraindicated in

abdominoplasty surgery due to high risk of hematoma.

3. Midline rectus muscle plication is the only means for

correcting muscle laxity.

44.8.2 Choose the Best Answer

4. A 36-year-old woman is 2 years s/p delivery of twins and

plans no further pregnancies. Her exam shows loose

abdominal skin extending to the mid upper abdomen, a

notable bulging of periumbilical abdomen, 5-cm diastasis

recti for nearly the entire length of the abdomen, and

moderate fat accumulation in the flanks and less so in the

upper abdomen. Her body mass index is 27. The best

treatment option for her is

a) Mini-abdominoplasty.

b) Physical therapy and exercise/dieting.

c) Lipoabdominoplasty.

d) Liposuction.

5. Postoperative pain management:

a) Requires multimodality approach to include analgesics

and antispasmodics.

b) Is unaffected by liposomal bupivacaine.

c) Is only effective with intravenous analgesia in an over-

night facility.

44.8.3 Answers

1. True.

2. False.

3. False.

4. c. Lipoabdominoplasty.

5. a. Requires multimodality approach to include analgesics and

antispasmodics.
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45 Lower Body Lift
Paul N. Afrooz and Jeffrey A. Gusenoff

Abstract

This chapter describes the procedures, technical aspects, and

options for optimal lower body contouring. A lower body

lift aims to remove excess skin of the abdomen, thighs, and

buttocks (which often results from bariatric surgery) and

contour these body parts in a more aesthetically pleasing way.

Procedural options fall into two broad categories—belt lipec-

tomy and lower body lift—and each step for each option is care-

fully described. Numerous images illustrate the techniques

described in the text. The authors offer guidance on postopera-

tive care and discuss possible outcomes, including potential

complications.

Keywords: lower body lift, belt lipectomy, bariatric surgery,

gluteal elongation, autoaugmentation, Lockwood type 1 and 2

lower body lifts

45.1 Goals and Objectives
● Understand the proper evaluation of prospective lower body

lift patients.
● Clearly define the indications for the various types of lower

body lift procedures.
● Appreciate the technical aspects and options available to

achieve optimal contouring.
● Know the evidence-based perioperative care to maximize

patient safety and quality outcomes.

45.2 Patient Presentation
As the number of bariatric procedures in the United States

increases to temper the growing obesity epidemic, the desire

for truncal body contouring procedures has increased. Redun-

dant skin is often not just limited to the abdomen, but extends

in a circumferential pattern around the outer thighs and but-

tocks. Lockwood described two main patterns of lower body

lifts. Type 1 lower body lifts addressed the buttocks and merged

into the inner thigh lift, while type 2 lower body lifts addressed

the buttocks and abdomen in a circumferential fashion.1,2

A variety of previously described gluteal deformities occur

with aging and massive weight loss (MWL).3,4,5,6,7,8 In MWL

patients, these deformities are typically due to atonic skin qual-

ity and a high degree of laxity. Common deformities include an

enlarged buttock, a deflated and ptotic buttock with deficient

gluteal volume, and gluteal flattening. Patients primarily seek

restoration and enhancement of gluteal shape and projection. A

variety of procedures are available to address the range of

deformities with scar position being the key factor in determin-

ing the type of lift, and the obtainable result.

It is important to obtain a thorough weight loss history

including maximum weight prior to weight loss, lowest weight,

and weight at the time of presentation. Any fluctuations in

weight over the past 3 months should be documented, as sur-

gery should only be performed once the patient’s weight loss

has stabilized. Some degree of weight gain is expected after a

nadir is reached following bariatric procedures. The type of

weight loss including bariatric procedures versus diet and exer-

cise is reviewed. Any risks of malnutrition are determined

including dumping syndrome or poor daily protein intake

(< 70–100 g a day for an average 70-kg person). A medical his-

tory including pre-weight loss and post-weight loss comorbid-

ities is assessed to determine what issues have resolved or may

still require medical attention. Medications, smoking history,

and exercise evaluations are performed. A physical exam along

with a discussion of the patient’s goals and desires is required

at the initial consultation. Repeat evaluation prior to surgery is

recommended to review the potential risks of surgery and the

surgical plan.

The clinical exam of the lower trunk should include the upper

and lower abdomen, the umbilical region, the midline region in

standing and supine position, the flanks, hips, lateral thighs,

inner thighs, and the entire lower back and gluteal region. If an

abdominoplasty is to be done concurrently, examination should

note the presence or absence of abdominal wall hernia, as well

as the location of a fill port in those who had undergone a gas-

tric banding procedure. Careful attention should be directed to

the location of back rolls, buttocks volume, and saddlebags. For

patients with flank lipodystrophy or low back rolls, a belt lipec-

tomy or circumferential body lift may be more appropriate,

thereby placing the scar higher with less control of the lower

buttocks and lateral thigh. However, if a patient has more but-

tocks ptosis and loss of volume, and desires a large skin excision

or gluteal autoaugmentation, a more inferiorly based excision is

more appropriate, thereby forfeiting control over lower back

rolls (▶ Fig. 45.1; ▶ Fig. 45.2). Saddlebag deformities may be

challenging, and in some cases may require a lower scar to

achieve complete correction and avoid recurrence due to skin

relaxation.9

The initial and subsequent consultations must involve a thor-

ough and detailed explanation of the entire procedure includ-

ing possible complications. Complications including wound

dehiscence, seroma, delayed wound healing, fat necrosis, visible

scars, recurrent skin laxity, blood clots, and lower extremity

edema must be discussed preoperatively to temper postoperati-

ve disappointment. Optimizing body mass index prior to sur-

gery is a key factor to avoiding postoperative complications.10

Some authors recommend performing procedures only in those

patients with body mass indices less than 35 kg/m2; however,

we believe that each patient has unique anatomic deformities,

and should be evaluated on an individual basis to determine

their candidacy, rather than preclusion based on body mass

index. Gluteal autoaugmentation may lead to an increase in the

rate of wound dehiscence or delayed wound healing, but may

be worth these minor complications in order to achieve the

increased postoperative projection that is otherwise difficult to

achieve once the volume has been resected.11
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Fig. 45.1 (a) This patient exhibits significant flank

rolls. A more superiorly based belt lipectomy was

employed to address the flank rolls and excess

lower back tissue. (b) Final scar position following

belt lipectomy.

Fig. 45.2 (a) This patient exhibits mild buttock

ptosis and volume loss. A more inferiorly based

lower body lift was employed to address the

buttock. (b) Final scar position following lower

body lift.
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45.3 Preparation for Surgery
Most patients should be at least a year out from bariatric proce-

dures and weight stable for at least 3 months.12,13 Preoperative

laboratory data are performed on massive weight loss patients,

including a complete metabolic panel, complete blood count,

and coagulation parameters. Albumin and prealbumin are

obtained if there is concern for malnutrition. Preoperative ane-

mia is suspected in bariatric surgery patients who are not tak-

ing iron or vitamin B12 supplementation. If blood work

confirms anemia, it must be treated prior to any elective sur-

gery with iron deficiency being the most common type of ane-

mia. Consultation with medical experts in hematology,

cardiology, medicine, and psychiatry may be necessary for

patients with known preexisting conditions.

Smoking cessation must occur at least 4 weeks prior to sur-

gery, and patients are informed of the increased risks of wound

complications secondary to nicotine. Urine cotinine is assessed

preoperatively and surgery is canceled in the event of a positive

urine cotinine test. Patients should refrain from smoking for 4

weeks after surgery.

Some studies have reported the increased risk of throm-

boembolism in lower body lift procedures.14 Chemoprophylaxis

should be strongly considered in patients with increased age,

residual obesity, varicosities, and long operative procedures,

which are common in most massive weight loss patients.

Sequential compression stockings are initiated preoperatively

and early ambulation is encouraged the evening of surgery.

45.4 Treatment

45.4.1 Treatment Options and
Indications

Lower body lift procedures fall under two broad categories

(▶ Fig. 45.1; ▶ Fig. 45.2):

1. Belt lipectomy: a superiorly based resection that will directly

excise flank rolls and accentuate the waistline.

2. Lower body lift: an inferiorly based resection that will

implement a stronger elevation on the lateral thighs and

gluteal tissues with the ability to provide additional contour

using autologous gluteal flaps.

These procedures are often combined with other areas of skin

laxity including the inner thighs (Lockwood type 1 lower body

lift) or with the abdomen (Lockwood type 2 lower body lift). In

patients who have had prior abdominal or inner thigh contour-

ing, the lower body lift procedure can be performed in isolation

and may be an easier recovery than performing multiple proce-

dures at the same time.15 Staging of lower body procedures in

patients with excess of the abdomen, buttocks, and outer and

inner thighs can be challenging. It is our preference to combine

the lower body lift with an abdominoplasty in the first stage

and return for an inner thigh lift in the second stage.15 This is

because as the tissues relax from the lower body lift procedure,

the skin laxity will rotate down and inward toward the inner

thigh. Excess relaxed skin can then be removed with the full-

scar vertical medial thigh plasty procedure. In addition, per-

forming the abdominoplasty first may have a slight lifting effect

on the upper part of the thigh, which may limit the length of

the medial thigh scarring necessary in the second stage.

45.4.2 Surgical Preparation

An isolated lower body lift that does not combine with an

abdominal or inner thigh procedure could be performed in an

outpatient setting. Patients combining the procedure with an

abdominoplasty or thigh plasty are often encouraged to stay

two nights in the hospital. These are often lengthy procedures,

and ambulation the evening of surgery as well as pain control

may be difficult without appropriate nursing care. However, in

selected patients, outpatient surgery has shown to be safe in

these combined procedures.16

Patient motivation is an important factor in planning the

postoperative course. Preoperative chemoprophylaxis and

sequential compression stockings are utilized, and chemopro-

phylaxis continues during the hospital stay until the time of

discharge. It is only continued in patients with known coagulo-

pathies in conjunction with recommendations from their hem-

atologist.

Scar placement is critical in preoperative surgical planning.

For patients with minimal laxity, precision lower body lifting

can be achieved by having the patient wear underwear at the

time of marking. The borders of the undergarment can be

marked and the incision line can often be concealed within the

confines of the garment. This may not be achievable in patients

with more superiorly based excisions to address the flanks, or

more inferiorly based excisions addressing the saddlebags.

For patients undergoing simultaneous abdominal contouring,

the markings begin with the patient in the supine position.

With upward stretch on the lower abdominal tissue, a marking

is placed 6 cm superior to the anterior vulvar commissure or

the base of the penis. This point should rise just above the pubic

symphysis when placed on stretch, but may not in some

patients with a long torso. In such cases, this marking is moved

superiorly by 1 to 2 cm until it is just above the pubic symphy-

sis. The markings continue with the patient standing and facing

away from the surgeon.

The first critical decision in posterior design is selecting the

superior anchor line. This will be the superior line of incision.

This line can be manipulated in the superior and inferior direc-

tion in order to achieve the desired effect of either greater waist

contouring or greater gluteal and lateral thigh contouring,

respectively. The superior anchor line is designed by carrying

out the central point to a lateral point on the hip near the

posterior superior iliac spine where the body transitions in a

sinusoidal fashion. Vertical reference marks are placed at 6-cm

intervals to aid in symmetry and final tissue reapproximation.

Next, a pinch test is used to elevate the inferior tissues to the

superior anchor line to estimate the amount of tissue resection.

This involves rolling the inferior tissues under the superior

anchor line to most accurately estimate the amount of tissue

resection. The lateral tissues are estimated and marked with

the legs slightly abducted to facilitate an optimal resection.

Each estimated point of resection is marked along the vertical

hash marks. These marks are then used to draw the inferior line

of resection (▶ Fig. 45.3). If it can be avoided, the inferior line of

excision should not violate the native gluteal cleft, as this may

cause a direct elevation and undesirable lengthening of the
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gluteal cleft postoperatively.17 The lateral margin of resection

is then selected connecting the inferior and superior lines of

incision, and is usually at the level of the fourth vertical bar.

This point typically coincides with the midaxillary line, and will

be the transition zone between the posterior and anterior

resections.

The overlying concept in the lower body lift is a repositioning

and recontouring of gluteal tissue rather than simply resection

of tissue. Therefore, at this point, an estimation is made regard-

ing the amount of adipose tissue that will be preserved to shape

the buttock region. Various methods of autoaugmentation have

been described including muscle flaps, adipofascial flaps, and

dermal fat flaps.5,18,19,20,21,22 If an autoaugmentation is to be

performed, we typically utilize a dermal fat flap 2 to 3 cm lat-

eral from the midline that may range from 5 to 15 cm in width,

depending on body type and intended contour. Typically it

extends to the third vertical bar (▶ Fig. 45.3). The gluteal

autoaugmentation can be performed with either an island of

adipose tissue, or a fasciocutaneous flap that is undermined in

the lateral region and transposed into the inferior buttock re-

gion approximately 45 degrees. The vertical reference lines can

serve as reference points for precise measurements of flap

design and symmetry. Lower body lifting with autoaugmenta-

tion is one of the few body contouring procedures where one

must commit to the upper and lower incisions to provide the

flap for augmentation. For the novice surgeon, it is advisable to

be conservative when committing to the resection between the

inferior and superior marking such that there is no excess ten-

sion on the closure, thereby increasing the risk for dehiscence.

The surgeon then transitions to additional anterior markings.

Upward tension is placed on the patient’s hip, and a line is

drawn from the inferior margin of resection posteriorly and

connected to the point above the mons. This maneuver is

repeated on the contralateral side. This line represents the line

of incision for the abdominoplasty portion of the operation.

The superior extent of the abdominal resection is determined

intraoperatively.

For patients undergoing medial thigh plasty, the lower

abdominal incision is marked as previously mentioned and the

lower body lift is tapered into this lower abdominal line to

avoid scar migration inferiorly. A routine vertical medial thigh

plasty resection can then be planned while maintaining the

groin crease scar close in the mons region to avoid a scar on the

front of the thigh.

45.5 Operative Technique
Following orotracheal intubation and bladder catheterization,

the patient is placed in the prone position. The table is gently

jackknifed to simulate a flexed position as this procedure is

often combined with an abdominoplasty requiring subsequent

bed flexion. Reverse Trendelenburg positioning prevents excess

pressure on the eyes.23 Warming blankets and appropriate pad-

ding are placed for secure, pressure reducing, and symmetrical

positioning. Sequential compression devices are placed on each

leg prior to the induction of general anesthesia. The electrocau-

tery grounding pads may be placed on the calves beneath the

compression boots bilaterally. The legs are prepped in a circum-

ferential manner with Betadine prep. Two well-padded arm

boards are placed at the lower end of the table so that the legs

can be abducted. The room is kept at 70 degrees Fahrenheit and

warmers are used throughout the case to avoid hypothermia.24

Epinephrine (1:100,000) is injected into the dermis prior to

skin incision to control bleeding from dermal edges.

Fig. 45.3 (a,b) Posterior and lateral views of

lower body lift markings. The superior line is

selected followed by vertical reference marks at

6-cm intervals. Pinch test is used to estimate the

amount of tissue resection at each vertical hash.

These estimates at each vertical hash are then

connected to mark the estimated inferior line of

excision. The lateral tissues are marked with the

legs in slight abduction to facilitate optimal

resection. Notice the red hash marks carried out

to the third vertical hash marks representing the

area of de-epithelialization for gluteal

autoaugmentation.
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If gluteal autoaugmentation is part of the operative plan, the

region of gluteal fat to be preserved is de-epithelialized with a

scalpel blade. Following de-epithelialization, the adipose paddle

is circumscribed and dissected down to the level of the deep

fascia. Excision of the skin and subcutaneous tissue within the

borders of the planned resection is carried out down to the

level of the deep fascia. The de-epithelialized adipose flap is

undermined in the lateral region at the level of the muscle fascia

to allow inferior mobilization of the flap. A pocket for the flap is

then created by dissection toward the inferior gluteal crease

above the muscle fascia. The flap is rotated approximately 45

degrees, inserted into the pocket, and inset with multiple 2–0

braided absorbable sutures placed into the deep muscle fascia to

restore the lateral curve of the buttocks (▶ Fig. 45.4a,b). The der-

mal surface of the tissue flap can be further manipulated and

contoured by suture plication to achieve optimal shape and pro-

jection. If autoaugmentation is not performed, this tissue is

resected just superficial to the level of Scarpa’s fascia.

The Lockwood discontinuous undermining device (Byron

Medical, USA) is passed in the subcutaneous tissue of the lateral

thighs to facilitate mobilization of the thigh tissue during clo-

sure. In order to further facilitate a tension-free closure in the

lateral aspects of the posterior wound, the legs are abducted

onto the extended arm boards placed in this region of the oper-

ating table. The skin edges are approximated and secured with

towel clips (▶ Fig. 45.4c,d). Saddlebags inferior to the planned

resection may be suctioned at this time if desired. The superfi-

cial fascial system is then reapproximated with interrupted,

braided, 2–0 absorbable suture. The dermis is then closed

with deep dermal 2–0 absorbable braided sutures, followed by

a running, subcuticular, barbed suture. The large lateral dog

ears are stapled shut and addressed with the anterior resection.

Closed suction no. 15 Jackson-Pratt drains are placed in the pos-

terior excision site and temporarily buried in the stapled dog

ears prior to turning the patient supine. They are then brought

out anteriorly for ease of drain care. A cyanoacrylate is applied

over the repair. The site is dressed with layered gauze dressings

and an occlusive plastic dressing to protect the site during the

remainder of the procedure.

The patient is turned to the supine position while care is

taken to avoid inadvertent pulling or entanglement of intrave-

nous lines, catheters, and drain tubes. For safety, the patient is

rolled onto the stretcher and then transferred back onto the

operating room table in the supine position. The patient is

prepped and draped once again. The incision line connecting

the inferior aspect of the lateral margin of resection with the

low transverse abdominoplasty marking is incised. At this

point, an abdominoplasty or thigh plasty can be performed as

desired (see Chapters 44 and 47, respectively). Closed suction

drains are placed in the abdomen or thighs, and closure follows.

45.6 Postoperative Care
An abdominal binder is placed following closure. If a thigh plasty

is performed, the thighs are wrapped in ACE wraps from the toes

to the groin. Patients are positioned in the beach chair position.

Intravenous fluids are administered for the initial 24 hours post-

operatively to ensure adequate tissue perfusion. Routine labs are

checked in the initial 24 hours postoperatively to monitor for any

electrolyte derangements, or postoperative anemia. Chemopro-

phylaxis is continued, and placement of sequential compression

devices on the lower extremities is utilized until the patient is

ambulating independently. Patient-controlled analgesia pumps

Fig. 45.4 (a,b) Posterior and lateral views of de-

epithelialized adipofascial flaps for gluteal

autoaugmentation. The flap is undermined in the

lateral region at the level of muscle fascia,

mobilized and rotated approximately 45 degrees

inferiorly, and then inset. (c,d) Lateral views of

skin edges approximated and secured with towel

clips with the legs in slight abduction.
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are routinely used for the initial 24 hours postoperatively.

Patients are mobilized on the first postoperative day, and encour-

aged to perform deep breathing exercises by way of an incentive

spirometer. Foley catheters are usually removed by noon on post-

operative day 1, and the patient-controlled analgesia is discontin-

ued with a transition to oral pain medication. Drains are

removed when drainage is less than 30mL in 24 hours for 2 con-

secutive days. Patients are instructed to avoid bending over in

any way for at least 3 weeks. Scar massage is initiated after 3

weeks.

45.7 Outcomes
Complications following lower body lift procedures are com-

mon and often minor in nature. Due to the significant length of

the incisions and pressure on the buttocks during recovery,

wound dehiscence, suture extrusion, or delayed wound healing

may occur. Srivastava et al found that wound dehiscence

occurred in 42.5% of patients who underwent autoaugmenta-

tion versus 20% in those who did not.11 However, local wound

breakdown can be treated conservatively with local wound care

(▶ Fig. 45.5a,b). Once much of the inflammation has settled,

delayed secondary closure can be performed to expedite the

healing process. Acute dehiscence can often be managed imme-

diately with local anesthetic, irrigation of the wound with Beta-

dine, and closure with Prolene suture over a Penrose drain

(▶ Fig. 45.5c,d). Seromas may contribute to acute dehiscence;

therefore, drains remain until drain output is less than 30mL/

day for 2 consecutive days. Recurrent seromas are rare and can

be managed with serial aspiration or sclerosis, and rarely require

reoperation.25 Other minor complications include unfavorable

scarring, asymmetry of scars, or recurrent skin laxity. These com-

plications can be corrected by secondary revision.

Fig. 45.5 (a) Postoperative wound separation. (b) Healed wound following (c,d) local anesthesia, irrigation, sterile prep and wound closure with

Prolene sutures over a Penrose drain.
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Gluteal deformities among individual patients are variable

and, therefore, patterns of excision are subject to variability.

Some deformities require lower, aggressive excision patterns in

order to achieve optimal gluteal reshaping and resuspension of

ptotic tissue. However, undesirable gluteal cleft lengthening can

occur due to direct elevation of the gluteal cleft, and the length

discrepancy between the superior and inferior incisions. This

length discrepancy forces inferior tissue to be worked into the

repair, leading to a medial tissue redundancy, which may create

the appearance of an elongated gluteal cleft as this redundant

tissue redistributes (▶ Fig. 45.6). Therefore, in our experience,

lengthening of the gluteal cleft can be mitigated by employing

excision pattern designs such that the gluteal cleft is not

directly involved in the excision pattern.17 This can be accom-

plished by curving the medial extent of the inferior incision

superiorly above the gluteal cleft, so as not to incorporate the

cleft directly in the excision, and tapering the upper incision

downward in a gullwing pattern to avoid major length discrep-

ancies between the upper and lower excision lines. Addition-

ally, the dorsal vector lines of resuspension should be designed

judiciously. While a mediocranial direction of resuspension

may sculpt the waist and enhance gluteal projection,25,26,27,28

gluteal cleft elongation may result from the redistribution and

gathering of excess tissue medially. Therefore, while it is a deli-

cate balance, we advocate dorsal vector lines that resuspend tis-

sue in a more cranial direction while titrating the medial vector

of the resuspension. This will mitigate undesirable gluteal cleft

lengthening while maintaining ample waist sculpting and glu-

teal enhancement. Similar to many other techniques, there are

several tradeoffs in lower body lift surgery, and the design of

each individual operation must be carefully planned.

Patient satisfaction with body lift procedures is high in the

presence or absence of autoaugmentation. For those patients

who desire fullness of the gluteal area, autoaugmentation is

recommended and has proven to be a safe operation with

minor risk of wound healing problems.11

45.8 Review Questions

45.8.1 True or False

1. Excision patterns that directly involve the gluteal cleft lower

the risk for gluteal elongation.

2. Autoaugmentation of the buttocks can increase the risk of

wound healing problems postoperatively.

3. A lower body lift addresses the lower back rolls and flank

lipodystrophy.

45.8.2 Choose the Best Answer

4. A 36-year-old woman undergoes 4 years s/p gastric bypass

and has lost 100 lb. She has laxity of the abdomen, inner

thighs, outer thighs, and buttocks. She wants to limit her

recovery times by combining procedures. The best way to

stage the procedure is as follows:

a) Abdominoplasty first, followed by a second-stage lower

body lift, and third-stage thigh plasty.

b) Lockwood type 1 lower body lift, followed by an abdomi-

noplasty as a second stage.

c) Lockwood type 2 lower body lift, followed by a thigh

plasty at a second stage.

d) Thigh plasty and abdominoplasty first, followed by a lower

body lift as a second stage.

5. A 45-year-old woman has lost 120 lb after bariatric Roux-en-

Y gastric bypass surgery. She has been weight stable for 3

years. She presents for body contouring surgery and

undergoes a lower body lift with autoaugmentation. She

returns to the office 3 weeks after surgery with delayed

wound healing. The most appropriate next step:

a) Return to the operating room to close the wounds.

b) Immediately close the wound in the office over a drain.

c) Evaluate the patient for nutritional deficiencies.

d) Instruct the patient to avoid bending over for the next 3

weeks.

45.8.3 Answers

1. False.

2. True.

3. False.

4. c. Lockwood type 2 lower body lift, followed by a thigh plasty

at a second stage.

5. c. Lipo-abdominoplasty.
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46 Brachioplasty
J. Peter Rubin

Abstract

Brachioplasty is a surgical procedure that aims to recontour

the arm following excessive weight loss. To achieve the desired

goal(s), liposuction and excisional surgery are options. The

author covers all the vital considerations when preparing the

patient for surgery and then looks at the treatment options,

explaining which procedure (liposuction or excisional) is best

suited to which indications. Each procedure is described in

detail, with images illustrating the text. Surgical techniques

come in for an extended discussion, giving surgeons the knowl-

edge and insights needed for a successful outcome. Guidelines

on postoperative care and potential complications (seroma,

hematoma, wound breakdown, prolonged swelling) conclude

the chapter.

Keywords: brachioplasty, Pittsburgh rating system, liposuction,

excisional surgery, intraoperative flap marking, segmental

resection

46.1 Goals and Objectives
● Understand the proper evaluation of patients presenting for

brachioplasty.
● Define the indications for brachioplasty, and discuss the risks

and benefits with the patient.
● Appreciate the technical aspects of the procedure that will

lead to successful outcomes and reduce the risk of

complications.
● Be aware of potential complications and their management.

46.2 Patient Presentation
Most patients presenting for brachioplasty will have experi-

enced significant weight loss either through successful diet and

exercise or a bariatric procedure. In the setting of a history of

massive weight loss (MWL), a thorough evaluation should be

done in the context of this weight loss, including an assessment

of the patient’s nutritional status, maximum body mass index

(BMI), current BMI, and overall medical profile. If the patient is

still far from his or her goal BMI, nutritional counseling should

be offered, as well as having the patient visit with their bariatric

surgery team to optimize weight loss.1,2 A very important his-

torical point relates to previous surgery of the upper extrem-

ities as well as the axillae, including lymph node dissection or

radiation. Another important historical point relates to any his-

tory of chronic swelling of the upper extremities.

The physical examination will help define the deformities

and determine the appropriate treatment. The Pittsburgh rating

scale provides a grading system for deformities.3 The physical

examination should determine the amount of adipose tissue in

the upper arm and the extent of skin laxity. The pattern of skin

laxity should be carefully evaluated, including the amount of

skin laxity in the axilla, as well as the extent of the deformity

onto the forearm distally, and on to the lateral chest proximally.

Patients with excess adipose tissue, but good skin tone, may be

candidates for liposuction alone, and will not require excisional

surgery. Patients with primarily skin laxity can be treated with

excisional brachioplasty, and patients with skin laxity and

excess adipose tissue can be treated with concurrent liposuc-

tion of the posterior arm with excisional brachioplasty. The rate

of complications when these procedures are performed

together is equivalent to excisional brachioplasty alone.4 While

there are short scar versions of the brachioplasty, most patients

with significant skin laxity, especially after MWL, will require a

full length longitudinal incision.5The incision length can cer-

tainly be varied in its distal extent, ending in the midportion of

the arm in rare cases. The scar length can also vary in length

along the lateral chest wall. The design of the operation that we

describe puts the scar in the midaxial position at the level of

the elbow, so the elbow can be crossed with a resection extend-

ing onto the proximal forearm without impairing range of

motion. Some patients, especially those with excessively large

amounts of excess skin, may present with the appearance of

tight restrictive bands on the arm above the bicep muscle.

These bands should be noted (▶ Fig. 46.1) and pointed out to

the patient preoperatively. Often times, patient will not notice

these constrictive bands until the postoperative stage, and will

attribute them to the surgery. However, these findings are evi-

dent preoperatively. Unfortunately, a good solution to eliminat-

ing these bands has not been developed. Interestingly, a very

acceptable contour can be obtained along the posterior surface

of the arm despite these bands over the bicep. Additional phys-

ical exam finding should be noted such as previous scars on the

arms and any evidence of prior trauma. The dorsal surfaces of

the hands should be inspected for any signs of acute or chronic

edema.

46.3 Preparation for Surgery
Preparation for surgery begins with the vital task of complete

preoperative counseling as to the risks and benefits of the pro-

cedure. The most important message to convey to the patient is

that brachioplasty is the most visible example of making a

tradeoff between accepting a scar and improving contour.

Patients are counseled that the scar is permanent and visible

when the arms are exposed. Placement of the scar in the medial

aspect of the upper arm at the bicipital groove allows the pa-

tient to hide the scar by placing their arms against the side of

their body. Patients are counseled that the scar takes quite a

while to mature, and the timeframe that we convey is 1 year for

the scar to reach its final appearance. The scar will remodel and

change in appearance up until that time, and sometimes

beyond 1 year. Patients are also counseled that scars may

extend on to the forearm. Of course, the extent of the scar, in

each particular case, is reviewed with the patient preopera-

tively in the office and again during the markings preopera-

tively. Another common risk that is discussed with the patient

is sensory disturbances on the forearm, including paresthesia

and dysesthesia. These improve over time and rarely result in
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long-term discomfort. Seroma can occur, and also wound dehis-

cence. While prolonged swelling and chronic lymphedema are

uncommon after brachioplasty, patients should be counseled

that they may have short-term swelling bilaterally.

Laboratory testing, as appropriate for the patient’s age and

medical profile, should be obtained. Additionally, electrocardio-

gram and chest X-ray should also be obtained as indicated.

Brachioplasty may be performed as an isolated procedure or,

as is commonly seen, may be combined with other body con-

touring procedures such as abdominoplasty. If the brachio-

plasty is planned as a single procedure, this can be done as an

outpatient procedure. When combining brachioplasty with

other procedures, strong consideration should be given to an

overnight stay.

46.4 Treatment

46.4.1 Treatment Options and
Indications

The choices for surgical treatment of the arms are related to the

extent of skin laxity, the extent of adipose tissue, and the rele-

vant skin tone. Patients with excessive adipose tissue and good

skin elasticity may be candidates for liposuction as a primary

treatment. If this course therapy is selected, patients must be

advised that they may have resultant loose skin if the skin does

not retract sufficiently after liposuction. Of course, this option

should always be considered when there is good skin elasticity

present because it will obviate the need for significant scars to

achieve results. Most patients with skin laxity will require an

excisional brachioplasty. While short-scar versions have been

described, patients with significant circumferential excess skin

will require a longitudinal incision along the arm in order to

achieve adequate results. Liposuction can be planned as an

adjunct to brachioplasty in order to decompress adipose depos-

its in the posterior arm.

46.4.2 Surgical Preparation

Patients are advised to shower with an antibacterial soap the

morning of the surgery. Patients are not asked to shave hair-

bearing regions within the axilla, and these areas are not

shaved by the surgical staff either. Patients who routinely shave

the hair-bearing regions in the axilla are advised to not shave

within 48 hours of the procedure.

The patient is marked preoperatively in the holding area.

Markings are made with the patient holding the arm in the

“victory” position in which the upper arm is at 90 degrees to

the shoulder (parallel to the floor) and the elbow is bent at 90

degrees. First, the dome of the axilla is marked (▶ Fig. 46.2) and

designated point A. Next, an intended line of incision is drawn

from point A inferiorly along the lateral chest terminating at a

point designated “point B.” The length of line A to B is deter-

mined by the relative amount of laxity and skin redundancy of

the lateral chest wall. Next, a line is drawn along the bicipital

groove from the axilla distally. The bicipital grove will be the

intended location of the scar. The end of the line extending

from the axilla along the bicipital groove to the distal most

aspect of the resection is designated as “point C.” The length of

that line is determined by the relative skin redundancy. The

elbow can be crossed in a midaxial position with this line. It is

not uncommon to extend this incision past the elbow for sev-

eral centimeters, although further progression onto the forearm

would leave a more visible scar. The next mark is the line of

incision above the bicipital groove. The placement of that line is

designed in a way that when the line is under tension, it will

advance to the bicipital groove. This line is generally 2 cm above

the bicipital groove mark, as a general rule, but can be planned

more precisely by pulling inferiorly on the bicipital groove

marking and noting how far the skin migrates under tension.

An important goal is to correct the descent of the axillary

fold. A point is picked in the axilla that can be transposed up to

point A in the dome of the axilla. We designate this point as A

prime. That corner point coming up to the axilla will result in a

Fig. 46.1 Occasionally, patients will have the

appearance of restrictive bands above the biceps

muscle. These bands represent a regional soft-

tissue deficiency and should be pointed out to

the patient. These bands will still be present after

brachioplasty, and will often worsen after

surgery. Patient and surgeon may speculate that

these bands were a complication of the surgery,

but a careful review of the preoperative photos

usually reveals that they were present before

surgery.
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flap covering the axilla, and the offset of scars will occur at the

dome of the axilla. This pattern of scars simulates a Brunner

incision pattern extending from the extremity on to the trunk.

Once this point is selected, a line is drawn connecting point A

prime to point B, and point A prime to point C based on a pinch

test. It is very important to note that the lines marked by pinch

test are only estimates, and will be rechecked and adjusted as

needed during the procedure by a segmental marking process.

The surgeon will commit only to the superior line of incision

(drawn above the bicipital groove) and the axillary/lateral chest

wall incision (point A to point B). The corner point (A prime)

represents the tip of the flap that will be advanced into the

axilla and the associated lines connecting. Since the lines

marked from A prime to both points B and C are merely esti-

mates, and these will be measured and remarked on the table,

this technique minimizes the risk of over-resecting.

Next, other regions of the arm are inspected for excess adi-

pose tissue. If concurrent liposuction is planned, usually on the

posterior/lateral aspect of the arm, these regions are marked

and estimation of the aspirate volume is determined. Invariably,

the anesthesiologists inquire about where they can place an

intravenous (IV) catheter. While there is a school of thought

that dictates no IV catheters should be placed in the arms dur-

ing brachioplasty, our experience has shown that it is not a pro-

blem to have IVs placed in the arms distal to the elbow.

Additionally, a blood pressure cuff can be placed on the forearm

opposite the arm with the IV, or on the calf. IV antibiotics are

administered prior to beginning the procedure. Placement of a

Foley catheter is not necessary if the brachioplasty is performed

as an isolated procedure, but should be considered if multiple

procedures are being performed.

46.4.3 Operative Technique

After induction of general anesthesia, the patient is prepped in

the supine position with each arm extended at slightly less than

90 degrees and resting on a well-padded arm board. The arm is

prepped circumferentially including the shoulder and the supe-

rior portion of the lateral chest. Draping is very simple with

sterile towels used to block off the shoulder and a sterile sheet

over the arm board. With an assistant holding the arm up, the

arm is prepped with betadine and then laid down over the

sterile sheet and the distal part of the arm and hand wrapped

in a sterile towel, and the towel secured with staples. Sterile

rolled gauze can be used to wrap the IV and preserve sterility. It

is important that the arm is prepped circumferentially so that it

can be ranged during the case to give exposure to all aspects of

the upper extremity and the shoulder. After completing the

draping over the remainder of the patients’ body, and leaving

room for surgeons to stand on either side of both right and left

arm boards, the procedure commences. If liposuction is to be

performed, an assistant will hold the arm up and a small port

site incised with a number 15 blade at the posterior elbow in

one of the natural creases. Tumescent solution is infused into

the posterior and lateral arm at a ratio of 1mL of infusion per

anticipated 1mL of aspirated fat volume. A concern is that infu-

sion of fluid into the arm will result in rapid spread of edema

through the tissue planes, and difficulty closing the arm and/or

adequately estimating the resection. This problem is mitigated

in two ways. First, the fluid is infused and no waiting period is

allowed between finishing the infusion and starting the lipo-

suction. Liposuction is started with a 3- or 4mL tri-tip cannula

immediately after finishing the infusion. We find that the epi-

nephrine effect is quite adequate in this region without waiting

the usual 10 to 15minutes. Second, no fluid is infused into the

contralateral arm until the surgeon is ready to commit to lipo-

suction followed by immediate sharp resection of the tissues.

This strategy limits the spread of edema in the tissues. We per-

form liposuction in approximately one-half of the brachioplas-

ties done at our center. Next, the arm is repositioned and

extended on the arm board, and the intended incision lines (the

longitudinal line above the bicipital groove and the lateral

chest wall mark) are injected with approximately 10mL of

epinephrine 1:100,000. This solution is mixed on the table by

adding 1mg of epinephrine to 100mL of normal saline. Inject-

ing the solution into the dermis minimizes bleeding from the

dermal edges after incision.

The superior longitudinal incision line above the bicipital

groove is incised with a scalpel through the dermis, extending

from point C to point A. The marked line in the axilla, extending

down to the chest wall, is also incised with a scalpel connecting

point A with point B. Using electrocautery, the soft tissues are

dissected and elevated within the marked pattern, leaving a

thin layer of fat over the fascia to protect the sensory nerves. It

Fig. 46.2 Pattern of markings for brachioplasty.

The design is described in detail within the text.
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is best to start this dissection in the proximal third of the arm,

away from the origin of the medial antebrachial cutaneous

nerve, which emerges through the deep fascia into the subcuta-

neous space in the distal third of the forearm. Once the plane of

dissection is established, and the proximal third of the arm, safe

dissection can proceed both distally and proximally. In a proxi-

mal direction, undermining is commenced within the marked

area, keeping in mind that the inferior marks representing the

other margins of resection are still only estimates at this point.

As the axilla is approached, the plane of dissection should be

kept at the same level so that the flap thickness is uniform in

that region. As the dissection moves more distally, the surgeon

should identify the fat pad containing the basilic vein and

medial antebrachial cutaneous nerve (MABC). The MABC and

the basilic vein run together. In general, a plane of dissection

above the main branches of the basilic vein will protect the

MABC from injury. Although the MABC is the nerve at highest

risk for injury during brachioplasty, it is fortunately a sensory

nerve, so injury will not result in any motor impairment. How-

ever, there may be changes in sensation on the forearm.

Once the flap is elevated to the estimated margins of resec-

tion, on-table marking is performed to refine the margin of

resection (▶ Fig. 46.3, ▶ Fig. 46.4). This involves marking and

segmental resection at three points along the arm using a flap

marking technique: distal third, midpoint, and proximal third.

Ensuring that the skin of the posterior arm is not tethered, the

first measurement is made at the distal third of the arm. Using

two sharp towel clamps to hold up the flap, heavy forceps or a

sharp towel clip is secured at the edge of the superior wound

edge and advanced under the flap. The tip of the instrument is

palpated through the flap after the appropriate amount of ten-

sion is applied. This location is marked and then the flap is split

and the points secured with a sharp towel clip (▶ Fig. 46.4;

▶ Fig. 46.5; ▶ Fig. 46.6). A key point in marking the resection in

the distal third of the arm is not to overtighten the tissues, but

to keep a smooth transition in contour between the upper arm

and the forearm. In the midportion of the arm, a similar process

of flap marking, measurement, and splitting is commenced

(▶ Fig. 46.7). As the surgeon moves more proximately along the

arm, greater tension can be applied on the flap and the tissues

tightened considerably. The third point of measuring, marking,

and splitting the flap is done in the proximal third of the arm.

Once these points are marked, measured, split, and secured

with a sharp towel clip, attention is turned to adjusting the

markings of the corner of the axillary flap.

The goal of the axillary flap is to make sure that the tip of the

flap comes up high into the dome of axilla so that the longitudi-

nal scar on the upper arm meets the scar from point A to point

B along the lateral chest in a manner that no scar crosses the

flexion crease. As mentioned earlier, this is similar to a Brunner

incision that is made on the hand. Using heavy forceps, the cor-

ner point is secured and the flap advanced over this instrument

with tension applied and the proper location marked. The

tissue surrounding the corner flap is excised (▶ Fig. 46.8). The

Fig. 46.3 The flap is elevated and dissected to the estimated margins

of resection. This is followed by systematic on-table measuring and

remarking.

Fig. 46.4 The flap is marked under appropriate

tension at three sites along the arm: distal third,

midpoint, and proximal third. The distal most site

is marked first. The flap is held under less tension

while marking the most distal site as to not

overtighten and create a more natural transition

onto the forearm.
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Fig. 46.5 The flap is split with a scalpel to

separate the first segment.

Fig. 46.6 A sharp towel clamp is used to

approximate the tissues at the base of the

incision.

Fig. 46.7 The flap is marked at the midpoint of the arm. Tension on

the flap can be increased here to tighten the closure and enhance the

contour.

Fig. 46.8 After all three sites have been marked along the arm, the

corner flap is also re-marked and excess tissue excised sharply.
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corner point of the flap is then secured with one or two deep-

braided sutures to the clavipectoral fascia, which is the thick

condensation of the subcutaneous tissue above the muscle fas-

cia in the deltoid region (▶ Fig. 46.9). The sutures will hold that

corner point in place and prevent it from migrating inferiorly

into the axilla. Next, the apices of the flap splitting incisions are

connected to mark the resection of the segments (▶ Fig. 46.10).

The skin is then marked at the sites of the three towel clamps

between the split segments on the arm in order to guide reap-

proximation, and the towel clips removed. The segments of the

flap that had been split are then incised with a scalpel and

resection completed with electrocautery.

Having completed the resection of all of the subcutaneous tis-

sue, the wound is checked for hemostasis and then very quickly

the towel clamps are reapplied at the same three points along

the arm to approximate the tissues (marking the sites of the

towel clamps, as mentioned earlier, will enable accurate reap-

proximation). A closed suction Jackson-Pratt drain is inserted

into the deep tissues and the end of the drain taken out through

a separate stab incision near the axilla. The wound is then sta-

ple-tacked closed and the sharp towel clips removed. At this

point, the contour of the arm is checked. If there is still too

much laxity, refinement of the resection can be commenced.

Closure of the arm is performed in two layers with 2–0 braided

absorbable sutures used in the deep layers and barbed 3–0

myofilament used in the dermal layer. Great care is taken not to

sew the drain into the deep tissues when closing those layers.

Cyanoacrylate skin adhesive is applied over the wound and this

is followed by a rolled gauze sterile dressing. The arm is then

wrapped with ACE bandages from the wrist to the shoulder

along the entire arm.

46.5 Postoperative Care
ACE wraps are kept in place until the first postoperative visit,

along with strict elevation of both arms on pillow stacks until

the first postoperative visit, usually between 3 and 5 days fol-

lowing surgery. After the first visit, the ACE wraps are removed

and the drains are also removed if output is less than 30mL per

drain in 24 hours. Patients are advised to avoid strenuous exer-

cise and heavy lifting for at least 4 weeks following the proce-

dure. Patients with nonstrenuous jobs can often return to work

in 2 weeks while occupations requiring heavy lifting will

require 4 weeks of recovery. Patients may use their arms to

transfer in and out of bed and chair. Patients are encouraged

Fig. 46.9 The corner of the flap (point A prime) is secured to the

clavipectoral fascia at the level of the superficial fascial system using a

braided 2–0 suture.

Fig. 46.10 Based on the intraoperative

segmental flap marking, the final line of excision

is drawn along the arm.
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not to raise their arms above their heads for 2 weeks. After 2

weeks, gentle full range of motion is recommended.

Scar management is a major concern for these patients. At 1

month following surgery, silicone gel is usually started, applied

twice a day, and continued for months. This will help keep the

scar flat overtime.

46.6 Outcomes
Complications known to brachioplasty include seroma, hema-

toma, wound breakdown, and prolonged swelling.1,4 Of course,

a very serious complication is overresection and inability to

close the wound. With the technique described earlier, this

complication is greatly reduced due to the on-table flap mark-

ing prior to definitive resection of both margins. Relying solely

on a pinch test, especially in a patient with a large amount of

adipose tissue in their arms, is not always 100% reliable.

Hematomas tend to occur within 24 hours of surgery, and

may require decompression in the operating room. Seromas

tend to occur distally on the arm and be of lower volume, in the

range of 5 to 15mL. Serial aspiration is usually adequate to treat

that adverse event. Permanent swelling in the forearms or

hands after brachioplasty is uncommon, but patients may expe-

rience prolonged swelling following the surgery. This is treated

with arm elevation and continued compression. Manual lym-

phatic drainage can be used in more severe cases. Infection

occurs in approximately 5% of cases, and is usually resolved

with oral antibiotics.

Clinical case examples are shown in ▶ Fig. 46.11, ▶ Fig. 46.12,

and ▶ Fig. 46.13.

Fig. 46.11 A 57-year-old weight loss patient shown preoperatively in the (a) anterior view and (b) posterior view. Postoperative anterior views are

shown at (c) 4 months and (d) 2.5 years, demonstrating the scar maturation. Posterior postoperative views are shown at (e) 4 months and (f) 2.5

years.
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Fig. 46.12 A 46-year-old weight loss patient shown preoperatively in the (a) anterior view and (b) posterior view. Postoperative anterior views are

shown at (c) 9 months and (d) 19 months, showing that the scar is improving even after 9 months following surgery. The patient is shown comfortably

raising her arm over her head 19 months after surgery (e) with no scar in the flexion crease and no limitation of movement. Posterior postoperative

views are shown at (f) 9 months and (g) 19 months.

Fig. 46.13 This 35-year-old weight loss patient had more mild deformities of excess skin in the proximal region of the arm, with skin laxity on the

lateral chest as well. Preoperative photographs are shown in the (a) anterior view and (b) posterior view. She was a good candidate for a limited

incision along the arm, extending distally to the midhumerus. Postoperative anterior views are shown at (c) 3 months and (d) 12 months,

demonstrating the scar maturation and acceptable contour at the transition between the end of the scar and the distal upper arm. The posterior

postoperative view is shown at (e) 12 months.
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46.7 Review Questions

46.7.1 True or False

1. Liposuction can be performed concurrently with excisional

brachioplasty safely.

2. Intraoperative flap marking and segmental resection can

help avoid overresection and inability to close.

3. Brachioplasty should only be performed as an isolated

procedure because combining this operation with other

body contouring procedures would result in worse

outcomes.

46.7.2 Choose the Best Answer

4. The nerve most commonly injured during brachioplasty:

a) Lateral antebrachial cutaneous.

b) Medial antebrachial cutaneous.

c) Ulnar.

d) Musculocutaneous.

5. Scars resulting from brachioplasty

a) Are rarely a concern for patients.

b) Are generally acceptable by 3 months postoperative.

c) Can vary in length to address individual patterns of skin

excess.

d) Can always be limited to the axilla without a longitudinal

extension.

46.7.3 Answers

1. True.

2. True.

3. False.

4. b. Medial antebrachial cutaneous.

5. c. Can vary in length to address individual patterns of skin

excess.
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47 Thigh Lift and Reduction
Paul A. Ghareeb, Alexandra M. Hart, and Felmont F. Eaves

Abstract

This chapter examines the role of thigh lift and reduction in

remediating medial thigh deformities, which are often caused

by massive weight loss. The authors lay out the indications for

thigh rejuvenation and then provide an in-depth description of

how patients should be prepared for surgery, followed by the

actual surgical procedure. Postoperative care guidelines are

included, and a frank assessment of outcomes and possible

complications concludes the chapter.

Keywords: massive weight loss, truncal tissue, greater saphe-

nous vein

47.1 Goals and Objectives
● To educate the reader on the keys to evaluating a patient

presenting with medial thigh deformity.
● To describe where thigh lift and reduction fits into the

sequence of body contouring.
● To review current concepts in the surgical management of

thigh contour deformities, including when to utilize

liposuction as well as when to use the vertical, horizontal, or

combined approach to excisional lift.
● To outline common techniques for excisional thigh lift,

including fascial anchoring and degree of excision.
● To review current evidence on outcomes, complications, and

patient satisfaction after thigh-contouring procedures.

47.2 Patient Presentation
The medial thigh is a common area of concern for patients

when seeking plastic surgical consultation for body contouring,

particularly after massive weight loss (MWL). Historically, the

number of patients undergoing thigh lift has been low secon-

dary to the scar burden and risk for complications. However,

the technique has gained popularity in patients who have

undergone MWL, either secondary to lifestyle modification or

bariatric surgery. According to the procedural statistical report

of the American Society of Aesthetic Plastic Surgery (ASAPS),

over 17,000 thigh lift and reduction procedures were per-

formed in the United States in 2014, marking a 500% increase

from 1997.1 These patients are often willing to trade the result-

ing scar burden for improved contour in this area.

The vast majority of MWL patients presenting with medial

thigh deformity have concurrent excess truncal tissue. This

should be addressed first with either an abdominoplasty proce-

dure or lower body lift. Oftentimes, truncal contouring alone

can correct mild upper third thigh laxity. However, if the medial

thigh deformity persists, many advise waiting at least 3 months

after abdominal contouring and it is necessary to address this

in a separate procedure.2

When evaluating a patient for thigh rejuvenation, it is useful

to divide the medial thigh into thirds to accurately determine

the location of excess tissue. By doing so, patients can be div-

ided into four distinct groups: (1) patients who have upper

third excess, (2) patients who have upper and middle third

excess, (3) patients who have excess tissue throughout the

entire medial thigh, (4) patients who have excess which

extends past the knee (▶ Fig. 47.1). The distinction among these

groups defines both the technique for skin excision, horizontal

or vertical, and the extent of resection.

It is important to remember that the majority of MWL body-

contouring patients may be undergoing multiple body-contour-

ing procedures in one or more stages; so, it is important to con-

sider the timing and sequencing of the medial thigh lift. In

general, the abdominoplasty/lower body lift is completed prior

to medial thigh lifting, typically separated by a healing period

of 3 or more months. Addressing the trunk first includes tight-

ening and anchoring the lateral thigh, making the medial thigh

procedure more effective. During the surgical planning, the

thigh should also be examined to determine whether there is

excess skin and subcutaneous tissue, or simply excess skin

involved. In patients in whom excess subcutaneous tissue is

present, direct tissue excision can be combined with liposuc-

tion at a single stage. More commonly, liposuction is performed

at an earlier phase (e.g., combined with the lower body lift) in a

pre-resection decompressive strategy.

Fig. 47.1 Preoperative images of a 43-year-old

woman presenting for medial thigh lift after

massive weight loss. She had previously

undergone gastric bypass, which resulted in a

190 lb weight loss (BMI of 32.6 upon

presentation). Her weight had been stable for

several years, and she had undergone abdominal

panniculectomy. These images demonstrate

excess skin and tissue which extends distal to the

knee.
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47.2.1 Preparation for Surgery

A thorough history and physical exam during the initial consul-

tation are key to creating the best treatment plan for the pa-

tient. Patients who have undergone MWL should have a stable

weight for at least 3 months prior to surgery. The body mass

index (BMI) of the patient at the time of surgery is important

both to the risk of complications and to the quality of the result

which is to be expected. Patients with a BMI above 30 to 32 are

usually not offered medial thigh plasty until they are able to

reduce their BMI to this more favorable range. Pertinent comor-

bidities should be documented and optimized prior to surgical

intervention, and note should be taken of any history of previous

lower extremity surgery. As most patients present for body con-

touring after MWL, investigation into method of weight reduc-

tion should be undertaken, as many nutritional deficiencies that

may impair wound healing are often present in this population.

Smoking cessation is required for at least 1 month prior to inter-

vention. Appropriate preoperative imaging and labs should be

obtained based on patient age and risk factors.

Patient expectations should be clearly defined prior to any in-

tervention. It is particularly important to ensure that patients

understand the extent of achievable contouring and the possi-

bilities of residual tissue laxity or excess. Patients should be

counseled on the risks of surgical intervention, including poor

scarring, wound dehiscence, seroma, hematoma, lower extrem-

ity swelling and lymphocele formation, infection, and recurrent

deformity.

The first medial thigh lift was described by Lewis in 1957.3,4

His initial technique involved excising tissue in both a horizon-

tal and vertical vector. Lockwood later described performing a

vertical vector excision through a horizontal scar pattern, and

also advocated anchoring the medial thigh tissue to Colles’ fas-

cia to improve results.5 Despite the incorporation of these prin-

ciples, horizontal medial thigh lifting is a procedure that is

frequently compromised by scar descent (so that it is visible

outside of undergarments or bathing suits) or traction on labial

tissues, leading to symptoms of dryness (▶ Fig. 47.2).

For these reasons, patients with laxity limited to the upper

third of the thigh may be candidates for horizontal excision.

However, the majority of patients presenting for body contour-

ing have laxity that extends beyond the upper third of the

thigh. This must be addressed with a vertical excision pattern.

The fundamental aspect of this approach to medial thigh lift is

to use the vertical tissue resection to reorient the vertical ten-

sion vector in a horizontal fashion. This horizontal pull in the

anterior and posterior planes allows for successful skin and

thigh circumference reduction.

The patient is marked in the preoperative holding area prior

to induction of anesthesia. The anterior extent of excision is

planned using a variant of the lift and drop technique, with the

proximal dog-ear taken out anteriorly along the groin. The final

scar is designed to run along the medial aspect of the leg in an

area of minimal visibility. The patient is placed in the supine

position, antibiotics are administered, and general anesthesia is

induced. The legs are abducted and may be supported in this

position by stirrups, spreader bars, or bolsters. Pneumatic com-

pression devices are placed prior to induction.

The anterior skin marking site is incised sharply, and dissec-

tion is carried out through the superficial fascia. At this plane,

the tissue is mobilized from anterior to posterior. It is critical to

maintain this level of dissection, which helps preserve the

saphenous vein as well as the surrounding deep lymphatics. As

the dissection is carried more proximally in the groin region

near the femoral triangle, it is important to preserve all fat in

this area and merely undermine skin, in an effort to avoid the

underlying lymphatics. The posterior saphenous branch is con-

sistently encountered coursing at an oblique angle into the ele-

vated flap, and is ligated.

During the dissection from anterior to posterior, the elevated

tissue is periodically advanced to determine the limits of dissec-

tion, with the goal being to minimize elevation of nonresected

tissue and thus minimize surgical dead space. This measure-

ment ultimately determines the extent of skin resection. In

order to help conceal the scar proximally over the groin, we

have followed the example of Kenkel and Eaves and added a

“bottleneck” proximally, removing slightly more proximal ante-

rior skin to better position the final scar.6

Once the final extent of tissue excision is determined, hemo-

stasis is achieved. In most cases, the tissue may be closed with-

out a drain in place. However, drains may be considered for

patients with an elevated BMI or those undergoing concomitant

liposuction. Our approach to the excision and closure is a

“close-as-we-go” philosophy. Closing the tissue in conjunction

with the excision allows the closure tension to be continuously

assessed for consistency. In the unlikely scenario that resection

Fig. 47.2 Postoperative photos of matured scars after horizontal thigh

lift and a massive weight loss patient. The scar has descended from the

perineal crease.
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in a segment makes closure difficult, a portion of the incised

flap can be repositioned back in the wound to assist in closing

the wound. The superficial fascia is typically closed in inter-

rupted fashion with a heavy polydioxanone suture (0 or 1). The

skin is closed in one or two running layers of 3–0 or 4–0 mono-

filament absorbable suture. Topical skin adhesives may be uti-

lized to dress the wound. Compression garments may be used

immediately postoperatively based on surgeon’s and patient’s

preference.

47.2.2 Postoperative Care

In properly selected patients, medial thigh plasty is safely per-

formed in the ambulatory setting, and may also result in less

postoperative complications.7 Patients are encouraged to ambu-

late early postoperatively and gradually increase activities as

comfort allows. Antibiotics are not routinely prescribed postop-

eratively. The wounds are examined for any evidence of infec-

tion or dehiscence, and minor wound complications are treated

with daily wet-to-dry dressings until healing by secondary in-

tention occurs. Compression garments may be utilized on a

case-by-case basis depending on the use of concomitant lipo-

suction, the presence and extent of swelling, as well as patient’s

preference. Postoperative deep vein thrombosis chemoprophy-

laxis is recommended by some authors, but there is no cur-

rently consensus over use, timing, or duration.

47.3 Outcomes and Complications
Medial thigh lift is an effective method of treating thigh excess,

especially in patients who have undergone MWL (▶ Fig. 47.3;

▶ Fig. 47.4). In patients seeking body contouring after MWL,

quality-of-life (QOL) assessment is an important endpoint to eval-

uate the effectiveness of therapy. Some small case series have

shown that following medial thigh plasty, patients report

increased overall satisfaction rates and are willing to trade the

scar burden for improved functional status and aesthetic appear-

ance.8 Overall patients have shown significantly improved mean

QOL scores postoperatively when compared to preoperative eval-

uation.9,10 Furthermore, these scores did not change over time,

revealing that the improvements in quality are sustained. Cur-

rently, two new patient-reported outcome instruments are being

developed, the Body-QoL and the BODY-Q, which will serve to

measure satisfaction after body-contouring procedures specifi-

cally.11,12 Once utilized, these tools will further elucidate the

postoperative QOL changes in this patient population.

While the positive impact on patients from medial thigh lift-

ing is significant, reported overall complication rates following

medial thigh lift range from 40 to 68%.9,13,14 In a review by

Gusenoff et al, the authors concluded that sex, BMI, smoking,

diabetes, hypothyroidism, and concomitant liposuction at the

time of thigh plasty were not associated with increased compli-

cations postoperatively.9 The commonly cited risk factors

include anemia, older age, elevated BMI prior to weight loss,

elevated BMI at the time of surgery, and hypertension.9,14 Addi-

tionally, a larger resection length and additional procedures at

the time of thigh plasty have also been associated with

increased risk of complications.9,15 The most common complica-

tion is the development of limited open wounds, especially

proximally. These can typically be managed conservatively until

healing by secondary intention occurs. Other common compli-

cations following body-contouring surgery include seroma,

hematoma, soft-tissue infection, lower extremity edema, scar

widening, pulmonary embolism, and labial distortion. A review

by Shermak et al of MWL patients following body-contouring

surgery cited a seroma rate of 18% with lower body-contouring

procedures. Additionally, the authors concluded that in patients

with a BMI greater than 30, the major risk factor for seroma for-

mation was the weight of skin removed.16

Development of lower extremity edema can occur after medial

thigh plasty. While relatively uncommon, lower extremity edema

Fig. 47.3 (a,b) Pre- and (c,d) postoperative

photos of the patient described in ▶ Fig. 47.1.

She ultimately underwent direct medial thigh lift

in a two-stage procedure. The initial procedure

addressed the medial thigh excess in the upper,

middle, and distal thirds of the thigh, while the

medial knee and leg excess was excised in a

separate second stage. Note the bottleneck

extension onto the anterior thigh proximally.
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has been reported to develop in 9 to 29% of cases.9,13,17,18 Utiliz-

ing a superficial dissection superiorly and preserving the saphe-

nous vein are important to reduce this risk.9,19 Additionally,

using a full length vertical incision may be associated with

increased risk of lower extremity edema.9,18 Many of these cases

resolve with conservative management after 3 months, and

almost all patients have improvement by 1 year.9 There are vari-

ous strategies in regard to compression garments postoperatively.

Some authors recommend immediate compression, others rec-

ommend delayed compression, and some recommend no com-

pression at all. Currently, there is not enough information known

to make an evidence-based recommendation on compression

strategies to prevent lower extremity edema.

There have been no large prospective studies examining

thrombotic complications exclusively in the medial thigh lift

population. However, the Caprini risk-assessment score has

been validated for use in the plastic surgical population, and

can be a useful tool to determine if a patient is at high risk for

postoperative thrombosis. The overall rate of deep vein

thromboses in body-contouring patients ranges from 0.05 to

3%, and risk factors identified include BMI greater than 35,

older age, and inpatient admission.20,21 However, since a rela-

tively small percentage of these patients had isolated medial

thigh plasty, the true incidence of venous thromboembolism or

any benefit associated with pharmacologic prophylaxis follow-

ing thigh lift still remains uncertain.

The medial thigh lift is a safe and effective procedure to

address excess thigh tissue. The procedure is most commonly

performed in the MWL population, and has been shown to sig-

nificantly improve QOL postoperatively.

47.4 Review Questions

47.4.1 Fill in the Correct Answer

1. What is the most common population of patients who seek

consultation for thigh lift or reduction?

2. What structure is necessary to preserve in order to reduce

the risk of postoperative lower extremity edema?

3. What is the most common complication arising from medial

thigh lift and how is it treated?

4. In the order of body-contouring surgery, when should the

medial thighs be addressed?

5. When would a horizontal excision alone be an acceptable

technique for medial thigh lift?

47.4.2 Answers

1. The massive weight loss population.

2. Greater saphenous vein should be preserved with superficial

dissection to lower the risk of the development of

postoperative lower extremity edema.

3. Minor wound healing complications are the most commonly

encountered problems after thigh lift procedures. This is

most commonly treated conservatively with local wound

care until healing by secondary intention occurs.

4. Patients who undergo medial thigh lift surgery are often

massive weight loss patients with concurrent truncal and

abdominal obesity and these areas should be addressed prior

to medial thigh lift.

5. This is appropriate for patients who present with upper third

thigh laxity.
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– clinical presentation 268, 269

– diagnostic adjuncts 269

– donor site selection 272

– free flaps 272, 272–273
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– healing by secondary intention 270

– local flaps 270

– outcomes 273

– postoperative care 273

– regional flaps 271

– skin grafts 270, 270

– surgical preparation 269

hand/wrist/forearm anatomy

– blood supply 13

– bones/ligaments 9, 10

– extensor tendons 15, 16

– fingertip 13, 14

– flexor tendons 14, 14, 15

– imaging 9, 10

– nerves 16

– skin 17, 40

– wrist/hand fractures 9

head shapes by sutural fusion

patterns 136

hemangioma 159, 159, 159, 161–162,

171, 175

hematoma 212, 243, 316, 363, 465

hematoma block 260

hidradenitis suppurative 104, 104, 105,

105, 106, 106, 107

hip joint 19

Hom/Marentette facial analysis 53, 54

hook fractures 10

horizontal forehead lines, Botox

for 250

horizontal scoring 379, 379

hospital-associated infections

(HAIs) 83

hyaluronic acid 248, 252–253

hypoplasia, midface management 51

I

IGAP flaps 356

iliacus 21

iliococcygeus muscle 35

iliolumbar artery 26

ilium 34

implants

– breast augmentation 333, 334, 334,

335, 335, 336–337, 340

– breast reconstruction 343, 360

– breast reconstruction technique 346

– Poland syndrome 389, 390, 393

– rippling/rupture 340

– tuberous breast deformity 382

Indiana repair 280

inferior epigastric artery 34

inferior gluteal artery 26, 38

inferior rectal artery 36

inferior temporal septum 228, 228

infliximab, hidradenitis 107

infraspinatus muscle 38

inhalation injury 88, 89–90

injectables

– calcium hydroxylapatite 248

– collagen 247

– complications 252

– contraindications 248

– expectations management 249

– hyaluronic acid 248, 252–253

– informed consent 250

– outcomes 252

– patient evaluation 249

– patient presentation 248, 249

– PLLA 248

– postprocedural care 252

– prep 250

– reconstitution 250

– silicone, liquid 248

Integra 167, 167, 169, 178

intense pulsed light (IPL) 72, 73

intercostal arteries 31–32

intercostal muscles 31

internal iliac vasculature anatomy 26

internal oblique muscle 33

ischemia, wound healing and 4

ischium 34

isoretinoids, hidradenitis 106

J

Jahss reduction maneuver 11

K

Keen approach, ZMC fractures 195

keratoacanthoma 94, 95

Kessler repair 280

Kirschner wires 262, 262, 263

knee joint 20

knee reconstruction 421, 423, 424, 426

KTP lasers 70, 71, 73

L

labia majora/minora 36

lag screws 262, 263, 264

lagophthalmos, post-

blepharoplasty 222

lasers, see specific modalities

– absorption curves 68, 69–70

– Alexandrite 71, 73

– burn treatment 86

– CO2 70–71, 73, 86

– diode 71

– disorders treated by 72, 73

– fractional photothermolysis 70

– KTP 70, 71, 73

– Nd:YAG 70, 71, 86

– physics/physiology 68, 69

– picosecond 71

– pulsed dye 71

– ruby 71, 73

– safety of 74

– SPTL 68, 69

lateral circumflex femoral artery 27

lateral plantar artery 28

lateral SMASectomy 238, 239, 239, 240

lateral thoracic artery 32

Latham appliance, cleft lip

deformity 122–123

latissimus dorsi flap

– anatomy 37

– capsular contracture 364

– complications 363

– flap necrosis 363–364

– foot reconstruction 424

– indications/contraindications 360,

364

– oncoplastic breast resection 370

– outcomes 363

– patient presentation 360

– postoperative care 363

– preoperative evaluation 361

– sternal reconstruction 406, 407

– surgical preparation 360

– surgical technique 361, 361, 362–

363

– two-stage reconstruction 363

– vasculature 32, 364

LDMF, see latissimus dorsi flap

LeFort/maxillary fractures 197, 197,

198

leg

– muscles 23

– reconstruction 423, 424–426

– vasculature 28

lentigo maligna 94, 96, 100

levator ani muscle 34

levator scapula 37

LICAP flap 370

ligament sparing incision 9, 10

linea alba 33

linea semilunaris 33

lipodystrophy 431

liposuction

– anesthesia 433, 441

– ankles/calves 436, 438

– anxiolysis 433

– arms 436, 440

– ASA classification 432–433

– breast reduction 311, 312

– complications 435

– contraindications 432

– fluid administration 433–434, 434

– gynecomastia 397, 397, 398–399,

436, 439

– indications 432, 433

– laser-assisted 432

– male patients 431, 441

– outcomes 435

– patient presentation 430, 431, 431

– postoperative care 434

– power-assisted 432

– submental 436, 440

– suction-assisted 432, 441

– surgical preparation 431–432, 434

– surgical technique 434, 434

– trunk 436, 437

– trunk/thighs 435, 435, 436

– ultrasound-assisted 432, 441

– with abdominoplasty 445, 447

– with brachioplasty 461

lips

– aesthetics 64, 64, 66

– augmentation 64

– commissures, downturned 251

– defect reconstruction 182

– fillers injection techniques 251

listening tube test 131

Little Red Riding Hood sign 96

Lockwood discontinuous undermining

device 455

low-level laser therapy (LLLT) 72

lower body lift

– abdominal contouring with 453

– complications 451, 456, 456–457

– gluteal autoaugmentation 455, 455

– massive weight loss patients 451

– outcomes 456

– patient presentation 451, 452

– postoperative care 455

– scar placement 453

– surgical preparation 453, 454

– surgical technique 454, 455

– treatment options/indications 452,

453

lower extremity

– anatomy

–– anterior compartment muscles 21

–– bones 18–19

–– deep posterior compartment

muscles 25

–– fascia 18

–– foot muscles 25–26

–– functions/regions of 18

–– joints 19–20

–– lateral compartment muscles 24

–– leg muscles 23

–– medial compartment muscles 23

–– muscles 20

––– See also specific muscles by name

–– posterior compartment muscles 22

–– superficial posterior compartment

muscles 24

–– thigh muscles 21

–– vasculature 26, 27, 27–28

– reconstruction

–– bony stabilization 422

–– Byrd classification 422

–– chronic wounds 425

–– Gustilo classification 422

–– outcomes 427

–– patient presentation 421

–– postoperative care 427

–– prognostic factors 421

–– soft-tissue 421, 423, 423, 424, 426

–– surgical preparation 421

–– timing of 422, 422

–– treatment 422

lower eyelid, Botox for 250

LRINEC scoring system 108–109

lumbar arteries 34

lumbricals 26

lunotriquetral ligament 9

lymphatic malformations 161

lymphedema 427

M

macromastia, see breast reduction

macrotia 151

MACS lift 237, 238, 238, 239

mafenide acetate (Sulfamylon) 82, 90

mallet fracture 264, 265

mandible

– anatomy 227, 231, 231

– fractures 198, 199–200

– square angle, management 51

marginal mandibular nerve 230, 231,

231, 232

marionette lines, fillers for 252

masseteric ligaments 230, 230

mastopexy

– augmentation-mastopexy, see

augmentation-mastopexy

– batwing 369

– complications 331

– concentric circumareolar 324, 325

– crescent 324

– donut 369

– etiology 319

– inverted T (Wise pattern) 329, 329,

331, 367

– oncoplastic breast resection 367,

369, 369

– outcomes 331

– patient evaluation 320, 321

– patient presentation 319

– postoperative care 330, 332

– ptosis classification 320, 320, 320,

331

– SPAIR (Hammond) 327

– treatment 321, 321, 322–323

– vertical (Lassus) 323, 325, 325, 326,

326, 327
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– vertical (Lejour) 326–327, 328

– vertical, simplified (Hall-

Findlay) 328, 329, 331

Mathes/Nahai flaps classification 44

mattresses, cushioned 115

maxillofacial trauma, see see facial

fractures

MCP joint fractures 12

medial circumflex femoral artery 27

medial plantar artery 28

median nerve

– anatomy 16

– block 260, 260

– decompression 290

melanoma

– ABCDE tool 96

– ALM 95, 96

– anticoagulation 98

– biopsy 96

– epidemiology 93

– forehead reconstruction 172, 176

– lymph node evaluation 97

– nodular 94, 96

– outcomes 101

– patient presentation 94, 95–96

– postoperative care 100

– risk factors 95–96

– scalp/forehead reconstruction 169,

172

– SLNB 97

– staging 99

– superficial spreading 94, 96

– surgical preparation 96

– treatment 98, 101

mentolabial sulcus (Si) 64, 65

metacarpal fractures 265, 265

metacarpal neck (boxers) fractures 11

microtia

– Brent procedure 147, 153

– cartilage harvest, Nagata

technique 148, 149

– concha-type, Nagata

procedure 148–149

– Firmin procedure 150, 150

– lobule-type, Nagata procedure 148

– Nagata procedures 147, 148, 148,

149, 149

– outcomes 153

– skin incision, Nagata procedure 149

– surgical timing 153

– Tanzer procedure 146, 153

– types, Nagata classification 147

– with conchal remnant 147

middle/proximal phalanx

fractures 264

Millard rotation advancement flap,

cleft lip deformity 124, 125

Mohs micrographic surgery (MMS)

– lentigo maligna 100

– NMSC 100

moles, see nevi

MRSA 109, 204

MS TRAM flaps 352, 353, 353

Muenke syndrome 137

mupirocin 82

muscle flaps 43, 44

musculocutaneous flaps

43

N

nasal bone fractures 192

nasal reconstruction

– aesthetics 60, 61, 61, 62–63, 181,

182, 186

– anatomy 181, 182, 186

– bone/cartilage foundation 183, 183

– composite grafts 184, 184

– defect definition 181, 182

– forehead flap 182, 185, 185

– lining 183

– local flaps 184, 184, 186

– outcomes 186

– patient presentation 181

– postoperative care 186

– scarring 181

– skin grafting 183

– soft tissue 183

– subunit principle 181, 182, 186

– surgical preparation 181, 182

nasoalveolar molding, cleft lip

deformity 122–123

nasofacial angle 61, 62

nasofrontal angle 57, 58

nasolabial angle 62

nasolabial flap 185

nasomental angle 61, 63

Nd:YAG lasers 70, 71, 86

neck rejuvenation, see face/neck

rejuvenation

necrotizing fasciitis

– clinical presentation 108, 108

– diagnosis 108, 109

– epidemiology 107

– LRINEC scoring system 108–109

– medical management 109

– outcomes 110

– pathophysiology 108

– patient presentation 107

– surgical debridement 109, 109, 110

negative pressure wound therapy 6, 6

neomycin 82

nerve compression sydromes, see

specific conditions

– antibiotics, perioperative 292

– anticoagulation and 289

– bilateral 289

– diabetes/hypertension 289

– EMG findings 287, 293

– outcomes 293

– patient presentation 286, 287–288,

294

– postoperative care 292

– skin depigmentation 288, 289

– surgical preparation 288

– treatment 289

– X-rays 288

nerve grafts 43

nevi

– dysplastic/atypical 156

– giant congenital melanocytic 156–

157, 158, 159, 164, 168, 169, 171,

175

– halo 156, 157

– melanocytic 156, 164

– of Ota 175

– outcomes 159

– patient presentation 156

– postoperative care 158

– screening 156, 161

– sebaceous 156, 157, 164

– Spitz 156

– surgical preparation 157

– treatment 157, 158

NOE fractures, treatment

189

nonmelanoma skin cancer (NMSC) 95–

96, 100–101

nose, see nasal reconstruction

O

oblique fracture 258

omental flap 406, 408, 408, 409

oncoplastic breast resection, see breast

conservation therapy (BCT)

orbicularis-retaining ligament 228, 229

orbicularis-temporal ligament 228,

228

orbital fractures 195, 196

orbitomalar ligament 228, 229

Orticochea flaps 168, 170–171

osteomyelitis 427

Ozturk's triangle 232, 233

P

palatal fractures 197

palmar fibromatosis, see Dupuytren's

disease

panfacial fractures 200

PAP flaps 357

paraspinous muscles 37

Parkland formula 81

partial ptosis 320

patella 19

PDGF

– in diabetic ulcers 7

– in wound healing 2–3, 6

pectineus 22

pectoralis major flap

– anatomy 30

– sternal reconstruction 406, 406

– vasculature 32

pectoralis minor 31

pediatric patients, mandible fractures

in 200

pedicled perforator flap 370

pelvis anatomy

– female 35

– floor muscles 34

– gross surface 34

– male 35, 36

– perineum 35

– skeletal structure 34

– triangles of 35

– vasculature 36

penis/erectile tissue 35–36

perforating arteries 27

perineal artery 36

perioral lines, Botox for 251

perioral region/mouth aesthetics 63,

64

periorbital region, see eyes

– aesthetics 58, 60

– anatomy 228, 229

Pfeiffer syndrome 137

photobiomodulation (PBM) 72, 72

photodynamic therapy (PDT) 72

picosecond lasers 71

pigmented lesions, laser treatment

of 73, 74

pinch â€œOKâ€� test 286, 287

PIP joint fractures 11, 13, 256, 257, 259,

302

plagiocephaly 135, 142

plantar muscles 26

plantaris 24

plating 262, 263

platysma auricular ligament/fascia 230

platysma-modifying techniques 225

platysmal banding, Botox for 251

PLLA 248

pneumonia 83

Poland syndrome

– complex form treatment 393

– diagnosis 388

– endoscopic approach 392

– expanders in 390

– implants in 389, 390, 393

– latissimus dorsi muscle transfer 389,

391–393

– male patients 389, 391, 394

– natural history 388

– outcomes 393

– patient presentation 387, 387, 388,

394

– postoperative care 393

– simple form treatment 388, 389–

390

– surgical preparation 388

– variants 387, 387, 388

polymyxin B 82

popliteal artery 28

popliteus 25

posterior interosseous syndrome 286–

287, 290

posterior thigh flap 27

pressure ulcers

– debridement 116

– diagnosis of 113

– enzymatic debridement 114

– flap selection 116–118

– long-term care 117

– outcomes 117

– patient presentation 112, 112, 113–

114

– postoperative care 117

– pressure relief 114, 115

– reconstruction 116

– risk factors 113

– staging 113–114, 118

– surgical indications 114

– surgical preparation 113

– V-Y advancement flap 116–117, 117

– VTE prophylaxis 117

profunda femoris artery (PFA) 27, 27

prominent ears 151, 152, 153

pronator syndrome 286, 289

propanolol, hemangioma 160

pseudogynecomastia 400

pseudoptosis 320

psoas major 21

ptosis classification 320, 320, 320, 331

pubococcygeus muscle 35

puboprostaticus muscle 35

puborectalis muscle 35

pubovaginalis muscle 35

pulsed dye laser (PDL) 71, 86

pyramidalis muscle 33

Q

quadrigia effect 284

question mark ear 152

R

radial artery 13

radial scoring 379, 379
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radial sensory nerve 17

radial tunnel syndrome 286, 289–290,

292

radiant energy, see lasers

radiation Injury 90

rectus abdominus flap

– anatomy 33

– sternal reconstruction 406, 406, 407,

410

– vasculature 32

rectus femoris 21

rectus femorsi muscle flap 27

replacement fluids estimation 81

rhinitis medicamentosus 204

rhinoplasty

– alar incisions/closed 208

– anatomy 204

– basal view 206, 208

– cartilage graft harvest 210, 213

– complications 211, 213

– deformities 212

– frontal view 205

– incisions 208, 208, 209

– lateral view 205, 206–207

– nasal airway obstruction 212

– nasal dorsum 209, 209

– osteotomies 210, 211

– outcomes 212

– patient presentation 203, 204

– postoperative care 211

– septal reconstruction 210

– surgical preparation 204, 213

– systematic nasal analysis 205

– treatment selection 206, 213

rhomboid flaps 43, 43

rhomboid major/minor 37

rhPDGF-BB 2

rhPGDG 6

ribs 30–31

ring block 259, 260

Rolando's fracture 11, 266

rotational flaps 43

Rubens flaps 355

ruby lasers 71, 73

rule of nines (Wallace) 81

S

sacrum/coccyx 34

Saethre-Chotzen syndrome

137

sartorius 22

scalp reconstruction

– anatomy 164

– avulsions 164, 165

– congenital defects 164, 165

– congenital defects, treatment 166,

166

– dog ear management 168

– free flaps selection 170

– galeal scoring 168, 180

– here-there operative planning 166

– irradiation/radiation injury

168–169

– oncologic defects 165

– oncologic defects, treatment 168,

169–174

– outcomes 180

– postoperative care 173

– traumatic defects 164, 166

– traumatic defects, treatment 167,

167, 168

scaphoid fracture 257, 257

scaphoid nonunion advanced collapse

(SNAC) 10

scapholunate advanced collapse

wrist 9

scapholunate ligament 9

scapular flap, vasculature 32

Scarpa's fascia 33, 36

screw fixation 262, 263, 264

selective photothermolysis (SPTL) 68,

69

semimembranosus 22

semitendinosus 22

sentinel lymph node biopsy 97

seroma 243, 317, 347, 363

serratus anterior 31

serratus posterior muscles 37

SGAP flaps 351, 355, 355

shave biopsy 97

shell ear 152

sialoma 243

SIEA flaps 354

silicone gel sheeting 85

silicone, liquid injectable 248

Silikon 248

silver nitrate 82

silver sulfadiazine (Silvadene) 82

Singapore (Pudendal-Thigh) flap 36

single-lobe transposition flap 184

SIRS 108

skin

– aging effects on 49

– aging, treatment of 51

– anatomy 17, 40

– cancer 93

–– See also specific forms

– dimpling 431

– face/neck rejuvenation 237, 237

– grafts, see split-thickness skin graft

(STSG)

– laser resurfacing of 70, 72, 73

– products/substitutes 7

SMAS flap techniques 225

smoking, wound healing and 4

soft tissue

– aesthetics 51, 52

– infections 107, 107, 109, 212

–– See also necrotizing fasciitis

– nasal reconstruction 183

– sternal reconstruction 405, 410

soleus 25

soleus flap 27

spinotransverse muscles 37

spiral fracture 258

split-thickness skin graft (STSG)

– burns/thermal injury 85

– foot reconstruction 424

– forehead reconstruction 171, 173,

175, 178

– harvesting 41

– nasal reconstruction 183, 184, 184

– postoperative care 41, 41

– scalp/forehead reconstruction 167,

167

– soft-tissue reconstruction 423, 425

– terminology 40

squamous cell carcinoma (SCC)

– anticoagulation 98

– epidemiology 93

– forehead reconstruction 173, 179

– lymph node evaluation 97

– outcomes 101

– patient presentation 93, 94–95

– postoperative care 100

– risk stratification/staging 97, 97, 98

– surgical preparation 96

– treatment 98

Stahl's ear 152

stenosing tenosynovitis, see trigger

finger

sternal reconstruction

– anatomy 30

– complications 410

– debridement 405, 405

– fixation, rigid 405, 406, 410

– fungal mediastinitis 405

– infection 404

– infection, classification 404

– internal mammary artery 404, 410

– latissimus dorsi flap 406, 407

– negative pressure wound

therapy 405, 410

– omental flap 406, 408, 408, 409

– outcomes 409

– patient presentation 404

– pectoralis major flap 406, 406

– postoperative care 409, 410

– rectus abdominus flap 406, 406,

407, 410

– risk factors 404, 410

– soft tissue coverage 405, 410

– surgical preparation 404

– treatment 405, 405, 406, 410

steroids, wound healing and 4

Strickland repair 280

subclavian artery 31

subclavius muscle 31

subscapular artery 32

subscapularis muscle 38

succinylcholine, contraindications 83

superficial cervical artery 38

superficial epigastric artery 34

superficial external pudendal artery 36

superficial femoral (SFA) 27, 27

superior epigastric artery 34

superior genicular arteries 28

superior gluteal artery 26, 38

superior temporal septum 228, 228

superior thoracic artery 32

suprascapular artery 38

supraspinatus muscle 38

symphysis pubis 34

T

table top test 300

taping, cleft lip deformity 122–123

tattoos, laser treatment of 74

TDAP flap 370

tear trough, fillers for 251, 253

temporal ligamentous adhesion 228,

228

tendinous intersections 33

tendon repair, see extensor tendons,

flexor tendons

– patient presentation 275

– tendon grafts 42

tension banding 262, 262

tensor fascia latae flap 27

tensor fasciae latae 20

teres major/minor 38

testicles anatomy 36

TFL myocutaneous flap 357

TGF-? in wound healing 2–3, 6

thigh

– anatomy 21, 27, 27

– lift/reduction

–– complications 470, 471

–– edema, lower extremity 470–471

–– massive weight loss patients 468,

470–471, 471

–– outcomes 470, 470, 471

–– patient presentation 468, 468

–– postoperative care 470

–– surgical preparation/technique 469,

469, 471

–– timing/sequencing of 468

– reconstruction 423

thoracoacromial artery 32

thoracodorsal artery 38

thumb

– amputations 297, 298–299

– blood supply 13

– fractures 266

– Robert's view of 11, 12

tibia 19

tibialis anterior 24

tibialis posterior 25

TNF-alpha inhibitors, hidradenitis 107

TRAM flaps 351–352, 352, 353, 358

transposition flaps 43

transverse abdominal muscle 33

transverse cervical artery 38

transverse fracture 258

transverse perineal muscle 35

transversospinal muscles 37

trapdoor fractures 195

trapezium fractures 10

trapezius flap, vasculature 32

trapezius muscle 37

Treacher Collins syndrome 144

triangular flap, cleft lip deformity 124,

124

trigger finger

– grading 304

– outcomes 304

– patient presentation 304

– postoperative care 304

– surgical preparation 304

– surgical treatment 304, 305

– treatment 304

trunk anatomy

– abdomen 32–34

– chest, see chest anatomy

– pelvis, see see pelvis anatomy

– posterior 36–38

– vertebral column 36

Tsuge repair 280

tuberous breast deformity

– classification 375, 376

– clinical examination 375

– dermoglandular flap 377, 378

– etiopathology 374, 375, 383, 385

– expanders in 382

– fat grafting in 383, 384

– gland redistribution 377, 378

– gland unfurling 379, 379

– gland unfurling technique 380, 380,

381–382

– glandular scoring incisions 377, 379

– implant selection 382

– incisional approach 377, 377

– inframammary fold correction 377

– outcomes 383, 384

– patient presentation 374, 383, 385

– postoperative care 383

– preoperative evaluation 377

Tuft fractures 11, 264, 264

TUG flaps 356, 356

tumor-to-breast ratio 365
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U

ugly duckling sign 96

ulnar artery/injuries to 13

ulnar nerve 16

ulnar nerve block 260, 261

ulnar tunnel syndrome 286–287,

287–288, 290, 292,

293–294

urethra/external sphincter 35

V

vascular lesions, laser treatment of 73,

74

vascular malformations

– AVMs 161, 161, 162, 175

– capillary 160

– classification 159

– hemangioma 159, 159, 159, 161–

162, 171, 175

– lymphatic 161

– patient presentation 159

– screening 161

– venous 160, 160

vastus intermedius 21

vastus lateralis 21

vastus medialis 22

VEGF in wound healing 2, 6

venous malformations

160, 160

venous stasis ulcers 3

venous ulcers 426

vertebral column anatomy

36

Virchow's law 136, 142

volar finger defects 270,

270

W

W-plasty 85

Wallace rule of nines 81

Wartenberg's sign 287, 288

Wartenberg's syndrome 286–287,

289–290

wound healing

– acute vs. chronic 3, 7

– chemokines 2

– clinical challenge 2

– cytokines 2

– dressings/healing adjuncts 5, 5–6

– factors affecting 4, 114

– growth factors 2

– pathophysiology 3

– phases of 3, 3, 6

– surgical intervention/

debridement 4, 5

wrist anatomy, see hand/wrist/forearm

anatomy

wrist block 260, 260

X

xenografts 85

Xiaflex 302

Z

Z-plasty 85

zero meridian of Gonzalez-Ulloa 55,

56

ZMC fractures 192, 193–194

zygoma, prominent 51

zygomatic ligaments 230, 230

zygomaticus major 230, 230
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